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ABSTRACT

The Steam Generator Group Project (SGGP) is using a retired-from-service 
pressurized water reactor steam generator as a test bed to investigate 
the reliability of in-service nondestructive (NDE) eddy current inspec­
tions. This information will provide the technical basis for recom­
mended changes to the regulations concerning in-service inspections of 
steam generator tubes and tube plugging criteria.

The estimates of inspection reliability are being made from NDE data 
collected during a series of round robin inspections of a subset of 
tubes from the generator. Segments of these tubes have been removed 
from the generator and are being destructively analyzed to determine the 
actual state of tube degradation. To determine NDE reliability, a large 
number of service-induced defects were needed in the set of tubes 
selected for the round robin inspections. Thus two complete baseline 
eddy current inspections were performed to identify those tubes with a 
high probability of containing defects. The results of the baseline 
inspections are described in this report.

The baseline inspections were performed by field-experienced personnel 
using two different commercially-available multi frequency eddy current 
systems. The analysis of the results showed larger than expected 
differences in the detection of suspected wall-loss defects (indica­
tions) and the subsequent estimates of the depth of the defects. One 
inspection reported 773 outer-diameter (OD) indications and the other 
1041. The detection agreement between teams, based on the reporting of 
the same indication, was 84% and 61% for the inspections with the fewer 
and larger numbers of indications, respectively. The sizes of the same 
indications reported by different teams were observed to be signifi­
cantly different.

ill



L



EXECUTIVE SUMMARY

This report is the summary of results from Task 7 Post-Service Baseline 
Eddy Current Inspection, of the SGGP. The SGGP is an NRC project with 
group participation from the Electric Power Research Institute and 
consortia from France, Italy and Japan.

The generator used for this study is a Model 51, Westinghouse generator 
which was retired and removed from the Virginia Electric and Power 
Company's Surry 2 Nuclear Power Station. Two post-service baseline 
inspections of the Surry 2A steam generator, using commercially- 
available multifrequency eddy current (EC) systems, were performed in 
accordance with the ASME Boiler and Pressure Vessel Code and U.S. 
Nuclear Regulatory Requirements. The purpose of the baseline examina­
tion was to provide an assessment of the current condition of the 
generator's Inconel 600 tubing. This assessment served as the basis for 
selecting a subset of tubes for round robin EC examinations. This 
report provides a detailed description of the post-service inspection 
procedures and results.

The post-service baseline examinations, using both Zetec and Intercon- 
trole inspection systems, provided information on the condition of 
approximately 3000 of the 3388 tubes in the generator. The majority of 
reported wall-loss indications were located underneath the sludge pile 
at the top of the tube sheet on the inlet (hot leg) side of the genera­
tor. Very few wall-loss indications were reported at the tube-to-tube 
support plate intersections. Tube denting at these intersections 
reduced the effectiveness of the eddy current inspection techniques used 
in the baseline examination.

The results of the two inspections showed substantial disagreement in 
the detection and sizing of EC indications. Other than at the top of 
the tube sheet on the hot leg side of the generator, there were very few 
common defect detections reported by the two baseline examinations. The 
number of 0D wall-loss indications reported by the two inspections were 
773 and 1041, respectively. A direct comparison of the individual 
defect indications between the two inspections found that the detection 
agreement was 84% for the inspection with the fewer numbers of indica­
tions and 61% for the inspection with the larger number of indications. 
A comparison of the reported sizes of the common indications showed that 
one team sized an indication significantly larger than the other. The 
size differences ranged over ±60% of wall thickness, with the average 
size difference over 5%.
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1.0 INTRODUCTION

1.1 BACKGROUND AND PURPOSE OF THE STEAM GENERATOR GROUP PROJECT

U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide 1.83 requires 
the periodic in-service nondestructive evaluation (NDE) of nuclear steam 
generators. The Regulatory Guide refers to the ASME Boiler and Pressure 
Vessel Code, Section XI, for specific procedures for conducting the 
inspection. The ASME Code specifies single frequency eddy current (EC) 
testing as an acceptable technique for meeting the inspection require­
ments. Current nuclear industry inspection practice uses multi frequency 
eddy current inspections. Typically, the required inspection is only a 
small percentage of the steam generator tubes. However, if defect 
indications are found, depending on the number and size, additional tube 
inspections are required. The use of a small subset of tubes for the 
initial inspection is based on the assumption that existing defect 
conditions are widespread, randomly distributed, and can be readily 
detected.

A major goal of the Steam Generator Group Project (SGGP) is to establish 
the reliability of eddy current defect detection and sizing in service- 
degraded steam generator tubing. This information, combined with burst 
test results of service-degraded tubing will be used to revise the 
current tube inspection and plugging criteria.

Figure 1 is a schematic of recirculating-type steam generators showing 
the known damage forms and their locations. The generator providing the 
service-degraded tubing for the project was removed from service from 
the Virginia Electric and Power Company's Surry #2 Nuclear Plant due to 
severe degradation after approximately six years of operation. The 
generator is a Westinghouse Series 51 Steam Generator containing 3388 
U-bend tubes. The tubes used in this generator were fabricated from 
drawn Inconel 600, having design dimensions of outside diameter of 
0.875", inside diameter of 0.775", and wall thickness of 0.050". The 
Surry unit was known, at the time of removal, to have severe denting and 
support plate degradation. There was also wastage reported at the top 
of the tube sheet due to the phosphate water chemistry used during 
initial service. In addition, the generator experienced an inner row 
U-bend failure, associated with denting-induced stresses. Approximately 
22% of the tubes were plugged during the service life of the generator.

The 220-ton generator was barged from Virginia to the Hanford Site near 
Richland, Washington and installed in a specially designed and con­
structed Steam Generator Examination Facility (SGEF). It was positioned 
in its normal vertical operating position (Figure 2).

A subset of the plugged tubes was unplugged to provide access to 
tubes with suspended defects. The post-service eddy current baseline 
examination was conducted to determine the condition of the tubes. Two 
independent multifrequency eddy current examinations were performed on 
all accessible tubes. One inspection used equipment designed and 
manufactured by Zetec, Incorporated, of Issaquah, Washington (U.S.A.),

1
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while the other equipment used was designed by the Commissariat a 
L'Energie Atomique (CEA - France) and manufactured by Intercontrole, 
Rungis, France. Both manufacturers' equipment are extensively used 
worldwide.

1.2 IN-SERVICE INSPECTION HISTORY OF SURRY 2A GENERATOR

Current in-service inspection requirements are based on Regulatory Guide 
1.83, which describes the examination method, sampling plan, inspection 
intervals, supplementary sampling requirements and acceptance limits. 
Regulatory Guide 1.83, Rev. 1, dated July 1975, requires a baseline 
examination of all tubes in the steam generator by eddy current or 
equivalent techniques. The baseline examination is to be conducted 
prior to operation or upon a major change of secondary water chemistry. 
For operating plants without an initial baseline inspection, the first 
in-service inspection performed according to the Regulatory Guide 
defines the baseline condition for subsequent inspections. The ASME 
Boiler and Pressure Vessel Code, Sections XI and V, describes the 
inspection methodology and provides additional guidelines for equipment 
calibration, personnel qualification and certification, and reporting 
requirements for in-service inspections.

The Surry 2 Nuclear Power Plant licensing in 1973 preceded the require­
ments for a pre-service baseline examination. In-service inspections 
were performed on a subset of tubes using single frequency eddy current 
equipment according to historical data. There was no complete inspec­
tion of tubes when the secondary water chemistry was changed from 
phosphate to all volatile treatment in late 1974. In the later part of 
this steam generator's operating life, eddy current inspection consisted 
mainly of gauging the tubes to determine if denting at the support 
plates prevented the passage of a 0.610"-diameter EC probe. When this 
condition was detected, the tube, and those adjacent to it, were plugged 
as a preventive measure. Although single frequency eddy current data 
were collected during the last three years of service, no formal 
analysis was performed.

During the service life of the Surry 2A generator, tubes were plugged as 
a result of leaks, eddy current indications and gauging, or engineering 
judgment to prevent future failures. A map of the Surry generator tube 
sheet face (Figure 3), shows the extent and reasons for plugging of 
individual tubes.

1.3 PREPARATIONS OF THE GENERATOR FOR THE BASELINE EXAMINATION

Preparation of the generator for conducting a comprehensive post-service 
baseline eddy current examination included channel head decontamination 
and removal of most of the tube plugs placed during service.

Channel head decontamination was needed to reduce personnel exposure 
during the tube plug removal effort and the numerous NDE inspections 
planned during the course of the SGGP. The decontamination, which 
reduced fields to <1 R/h, used dilute chemical reagent techniques. Care 
was taken during decontamination to avoid chemical intrusions into the 
tube sheet region to ensure that the condition of the tubes would not be

4
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modified by the process. A detailed description of the decontamination 
work is presented in PNL-4712, "Steam Generator Group Project Task 6 - 
Channel Head Decontamination."

To allow access to the primary side of the tube bundle for eddy current 
testing of tubes plugged in service, 470 of the 748 plugged tubes were 
unplugged on both the inlet and outlet side of the tube. All tubes that 
had defect indications reported during in-service NDE inspections were 
unplugged. The removal process involved drilling out the explosively- 
bonded plugs. The unplugging procedure removed the roll expanded area 
of the tube, which is located about 2.5" above the primary side of the 
tube sheet and which prevented the examination of this area on these 
tubes. In a few cases, the drilling was not concentric with the plug/ 
tube centerline, leaving a machined ridge in a few tubes. This ridge 
interfered with the insertion of eddy current probes, which prevented 
effective inspection of some of the unplugged tubes. Details of the 
tube unplugging are described in PNL-4876, "Steam Generator Group 
Project Task 8 - Selective Tube Unplugging."

To better determine the degree and extent of denting at the support 
plates and its effect on the baseline inspections, eddy current profilo- 
metry, using the Zetec MIZ-15 EC tester and an 8x1 pancake coil array 
probe, was performed on 100 tubes distributed over the entire generator, 
as shown in Figure 4. A histogram of the minimum tube diameter at the 
hot leg support plates is shown in Figure 5. The corresponding histo­
gram for the cold leg (outlet side) support plates are shown in 
Figure 6. The minimum reported diameter is 0.650" on the hot leg and 
0.710" on the cold leg. Maximum denting was observed at the second 
support plate on the inlet side. The results of the profilometry 
indicated that denting would not prevent eddy current examinations in 
most tubes.
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2.0 INSPECTION PROCEDURES AND EQUIPMENT

The majority of steam generator in-service inspections performed world­
wide are conducted with Zetec or Intercontrole multi frequency EC equip­
ment. Therefore, it was decided that the baseline examination should 
include inspections with both inspection systems to provide the most 
comprehensive characterization of the condition of the generator.

Specifications were established for the solicitation of bids from 
commercial in-service inspection companies to obtain qualified teams to 
conduct the baseline EC inspections. The statement of work for con­
ducting a post-service baseline EC inspection of the Surry steam 
generator using a Zetec eddy current inspection system was issued in 
March 1983, to several potential sources, requesting technical and cost 
proposals to perform the examination. Revision 4 of this specification 
is given in Appendix A.

The technical specification for the Zetec inspection required that the 
tubes be tested with both single-frequency equipment, Model EM-3300 
(which was used in-service), and multi frequency equipment. Model MIZ-12. 
The objective of using both Zetec instruments was to demonstrate the 
equivalence of the older single-frequency equipment with the corre­
sponding frequency from the newer multifrequency equipment, thus per­
mitting the comparison of the post-service eddy current signals from the 
tubes with data obtained during the in-service inspections.

A work statement similar to the one for the Zetec baseline inspection 
was prepared for the Intercontrole baseline inspection. This statement 
of work is given in Appendix B. The teams selected to perform the two 
baseline inspections were from Zetec, Incorporated, and Intercontrole, 
Incorporated.

The specifications required that the two inspections be conducted in 
accordance with the ASME, Section XI, "Rules for Inservice Inspection of 
Nuclear Power Plant Components," Appendix IV and IWA 2240 (1980 
Edition); USNRC Regulatory Guide 1.83, "Inservice Inspection of Pres­
surized Water Reactor Steam Generator Tubes," Rev. 1, duly 1975; and 
ASME, Section V, "Nondestructive Examination," Article 8, Appendix I 
(1980 Edition).

The inspection procedures used by both teams employed test frequencies 
and differential bobbin coil probes that met the requirements of the 
ASME Code. Specific test frequencies, probe designs, and modes of 
operation are separately described for each team in Section 2.1 and 
Section 2.2. The code-required calibration standard was used by both 
teams. Specifications for the calibration standard are described in 
Appendix C. The calibration standard was positioned in the probe guide 
just below the tube sheet, providing a scan of the standard along with 
the scan of each tube being examined. This assured that the system was 
always in calibration and free from drift or’other influences that would 
have affected the validity of the data.

9



Prior to starting the baseline examination activity, Radiation Work 
Procedure 377-2 (Appendix D) was established to control the activities 
of NDE and support staff operating within the SGEF during NDE equipment 
installation, adjustment, maintenance and removal. All activities with 
respect to procedures were reviewed by the PNL Safety Committee prior to 
their approval and implementation. These procedures were very effective 
in controlling radiation exposure; for example, the Intercontrole team 
acquired a total exposure of 910 mR during their entire baseline inspec­
tion activities.

2.1 ZETEC INSPECTION

2.1.1 Zetec Equipment Setup

A remote trailer building was selected as the site for locating the eddy 
current remote controls and instrumentation. This building afforded 
adequate room for the equipment and operator, and the PNL staff that 
monitored the entire data acquisition and analysis procedures. This 
building was located approximately 200 feet from the facility (SGEFl 
containing the generator. This distance plus the length of cable within 
the SGEF required the addition of preamplifiers to compensate for signal 
loss and distortion. The amplifiers for the eddy current signals and 
the controls for the pusher-puller servo-drive motor were housed in a 
temperature controlled box fastened to the outside of the SGEF. This 
arrangement essentially duplicates the arrangement used to conduct 
examinations at nuclear power stations. The externally-mounted control 
box also contained connections that would allow future round robin 
in-service inspection (ISI) teams to test from a trailer or van parked 
outside the SGEF.

A Zetec remote probe positioning system (tube sheet templates, probe 
positioner with video camera and pusher-puller) was purchased to mini­
mize personnel radiation exposure for both the baseline and future round 
robin examination activities.

The Zetec baseline inspection was designated the archival inspection for 
the project. In addition to the code requirement of recording eddy 
current signals on magnetic tape and strip charts, a PNL-designed 
computer data acquisition system, shown in Figure 7, digitized and 
recorded the signals real-time on disk for subsequent signal processing 
and analysis. This system consisted of a PDP 11/44 computer, a NEFF A/D 
converter, and a high-speed digital tape and hard disk drives.

The standard Zetec pusher-puller equipment has no encoder to identify 
the exact location of the eddy current probe in the tube, which is 
needed to locate potential defects for validation. A digital controller 
was designed and fabricated to allow computer control of the pusher- 
puller for probe insertion and removal, and to provide probe position 
information along with eddy current signals. The pusher-puller was 
modified to incorporate a direct current servo-motor drive to permit 
computer control. Figure 8 is a functional diagram of the system, and 
Figure 9 shows the encoder attached to the pusher-puller. A description
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of the controller and the data acquisition computer equipment is pre­
sented in PNL-3955, "Steam Generator Group Project Progress Report on 
Data Acquisition/Statistical Analysis."

The Zetec team submitted their procedures to the PNL nondestructive 
testing task manager for review and acceptance. In addition to the 
procedures, the personnel qualification certificates for all members of 
the inspection team and certificates documenting the calibration of eddy 
current instrumentation, were submitted to the SGGP NDE staff.

2.1.2 Operation of the Data Acquisition Computer System and Quality 
Assurance of the Archival Eddy Current Data Base

The data acquisition computer system was designed to collect the archi­
val eddy current baseline data in real-time during the Zetec inspection. 
Two operators (a Zetec and a PNL staff member) were required to acquire 
the data, as opposed to one operator normally used during field examina­
tions. The technician selected the tube to be examined and positioned 
the probe over the correct row and column. The technician also recali­
brated the eddy current instrument periodically in accordance with the 
procedure for calibration. A PNL staff member was responsible for 
initiating the scan by controlling the pusher-puller. The data acquisi­
tion software was designed to make the data collection as automated as 
possible to minimize errors.

Procedures for operating the PNL computerized data acquisition system 
are given in Appendix E. An example of how these procedures helped to 
ensure both adequacy and accuracy of data is typified by the tube 
identity verification. Prior to scanning each tube, the operator was 
queried by the computer for information needed to provide a positive and 
unique identification of the tube. The operator was also asked to 
describe the pertinent parameters of that inspection. The information 
(Table 1), once provided, was then recorded with the eddy current data 
for each scan.

TABLE 1. Information Recorded with Each Inspection 
in the Zetec Baseline Archival Data Base

Data and Time
Eddy Current Operator's Name 
Eddy Current Instrument Model 
Probe Type
Eddy Current Instrument Channel Assignments; Frequency, Phase, Gain 
Tube Row Number 
Tube Column Number
Origin of Inspection (Inlet or Outlet Side)
Zetec Magnetic Tape Reel Number 
Data Set Name
Type of Sampling (Time or Distance)
Sample Interval 
Probe Start Position 
Probe Stop Position
Probe Speeds During Inspection and Scanning

14



The header information contained information such as eddy current 
instrument model, origin of inspection, and sample interval. The 
operator was required to make written entries into a logbook regarding 
changes in instrument, probe type, origin leg of the inspection, date, 
and to note errors in entering tube identification parameters. As a 
further aid in documenting parameter information, the operator was 
required to generate a hard copy of the terminal screen parameter status 
display. Row and column numbers changed for each scan, affording the 
greatest opportunity for operator error.

As an added precaution, a video recorder was automatically switched on 
at the beginning of each inspection to record the tube row and column 
number from the tube sheet template as viewed by a TV monitor positioned 
on the manipulator arm. The voice channel was also recorded by the 
video recorder. The objective of the video recording was to provide a 
quality assurance (QA) measure that would allow a review of the actual 
tubes examined, as assurance that the eddy current technician did not 
inadvertently announce the wrong tube row and column number. Figure 10 
shows the Zetec equipment operator and supporting equipment in the 
remote control room.

During real-time data acquisition, the data from each inspection was 
written to a hard disk rather than magnetic tape to avoid the possi­
bility of electromagnetic interference between the high-speed tape drive 
and the eddy current instrumentation located in the same room. The data 
was then transferred to digital tape at the end of each shift by the 
computer operator. As part of the documentation of this process, the 
operator generated a directory listing of all files to be archived, then 
examined the logbook to determine what data files were retests, needed 
to be deleted, or had been assigned an incorrect file name. If a file 
name was incorrect, the operator renamed the file before transferring it 
to tape. Each change was noted on the directory listing. In addition, 
the operator noted on the directory listing the digital tape number used 
to store the data collected during the shift, so that an individual 
inspection could be readily located.

The Zetec baseline resulted in the generation of over 70 high-density 
digital tapes containing over 9000 data files. Despite the automated 
acquisition system and the fixed procedure for the computer operator to 
follow, some errors in specifying the inspection parameters did occur. 
Examples of the most frequent errors are a failure to change the instru­
ment channel assignments, such as the phase and gain after instrument 
calibration, the assignment of the wrong row and/or column numbers, and 
the failure to change the instrument type or analog tape number at the 
appropriate time. In addition, if the computer operator renamed a file 
before it was transferred to tape at the end of a shift, then that 
file's data set name within the file itself had to be changed.

There was not time at the end of each shift to check and correct the 
inspection parameters before storing the data on tape, so the file 
correction had to be done after the baseline inspection was completed. 
Some of the errors were caught by the operators and noted in the log, 
but some were not; therefore, corrections had to be made for incon­
sistencies even when none were reported. The file corrections first
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involved copying the files from tape to disk. Then each file was 
examined and checked against the logbook, the terminal screen copies of 
the parameter status displays, and the tape file directory listings. 
The corrected files were archived back to the digital tape and a master 
tape directory was prepared, which lists not only the file names and 
tape number, but the parameters associated with each inspection. This 
master directory is maintained in the data base management system on the 
computer, so the data from any inspection or tube can be easily located. 
The entire quality assurance process required several months to complete 
since each file had to be individually inspected. Approximately 500 of 
the 9000 inspections required some form of correction.

2.1.3 Zetec Inspection and Signal Analysis Procedures

The Zetec team provided two eddy current examination procedures to PNL 
for the baseline inspection. They were ZQA-301, Rev. 3, March 1981, 
"Eddy Current Inspection of Non-Ferrous Tubing by Single Frequency 
Techniques," and ZQA-301MF, Rev. 3, March 1981, "Eddy Current Inspection 
of Non-Ferrous Tubing by Multifrequency Techniques." The Quality 
Assurance practices for the Zetec examination equipment and personnel 
were described in Zetec QA documents, QAP MD-2 and QAP MD-2A.

The MIZ-12 multi frequency eddy current equipment allows the examination 
of tubing by as many as four separate frequencies simultaneously, using 
multiplexing techniques. The equipment provides quadrature output for 
each frequency, which permits dynamic mixing to remove unwanted signals 
caused by support plate denting and deposits. The quadrature outputs of 
the MIZ-12, for both mixed and unmixed channels, are recorded on 
frequency-modulated magnetic tape. In parallel with the recording of 
eddy current signals on magnetic tape, two channels of the eddy current 
output are recorded on a strip chart.

A selection of Ultraflex™ and Superultraflex™ probes was used to 
perform the examination. The probes and the eddy current instrumenta­
tion were supplied by the Zetec team for the examination. Although 
Zetec manufactures a probe containing a magnet to provide a saturation 
field for tubes exhibiting permeability variations, the probe was not 
used for this examination. Probes with diameters of 0.720", 0.700",
0.650", and 0.610" were used to perform this examination. Initial tube 
scanning was performed with the two largest diameter probes. The 
smaller diameter probes were used to allow access to tubes too badly 
dented to permit the passage of the larger diameter probes. Scanning 
speeds used by the Zetec team averaged 36" per second for insertion and 
12" per second for withdrawal. Data were acquired only on withdrawal 
(pulling).

The test frequencies selected by the Zetec operator for the multi­
frequency baseline examination data acquisition are given in Table 2.
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TABLE 2. Frequencies Used for Zetec Baseline Inspection

400 kHz operated at normal gain - differential mode 
400 kHz operated at reduced gain - differential mode 
100 kHz - differential mode 
100 kHz - absolute mode

The 400 kHz frequency reduced gain was used to allow analysis of a 
significant number of wastage signals; these signals would saturate the 
instrument using the normal gain setting. It was anticipated that the 
reduced gain 400 kHz signal could be mixed with the 100 kHz signal to 
filter out the effects of denting and conductive deposits. This latter 
effort did not prove effective. The effects of the conditions could not 
be eliminated using conventional frequency-mixing procedures.

The single frequency inspection was conducted using a 400 kHz differ­
ential mode. One of the objectives of the inspections was to demon­
strate the equivalence of the response of the single-frequency equipment 
and the multi frequency equipment at 400 kHz. Historically, 400 kHz 
single frequency was used to examine the Surry generator while it was in 
service. Therefore, the reinspection of tubes with the same frequency 
was thought to be desirable for comparisons between inservice data and 
the current generator condition. Two-hundred-eighteen tubes were 
scanned with the EM-3300 single-frequency instrument.

Analysis of recorded inspection data was performed by a Level II Analyst 
using a Zetec DDA-4 eddy current analyzer. This analysis system, 
illustrated in Figure 11, converts the analog signals recorded on 
magnetic tape to digital signals which are then displayed in a format 
that allows the analyst to review the data from one or two channels at a 
time. Any two of the eight recorded channels can be viewed and analyzed 
on this equipment simultaneously. Once an indication is observed by the 
operator, the phase angle of the Lissajous pattern formed by the quadra­
ture output of the eddy current system is measured automatically by the 
analyzer software and the depth of the indication is determined. A hard 
copy printout of the DDA-4 analyzer display is illustrated in Figure 12. 
While the DDA-4 software automatically measures the phase angle based on 
peak-to-peak reference points, the analyst can place the cursors defin­
ing the angle at his discretion to correct for possible signal distor­
tion. The location of the reference points where the cursors have been 
set are shown as hollow dots in Figure 12.

The data format used to report the findings of the analysis of eddy 
current signals is illustrated in Figure 13. The information for each 
inspected tube is given in Table 3.
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FIGURE 12. Zetec DDA-4 Analyzer Display
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PLANT UNIT* S/G LEG REEL TO reel! DATE

BATTELLE SGGP- PNL 2*A COLD 26 32 |08/03/83

PAGE 11 OF 20

SG ROW CQL VOLTS. DEG 7. CH# LOCATION EXTENT

12 006 076 15.63 066 054 2 HL ITS F/L
04.08 108 062 3 HL ITS F/L
13.47 109 060 5 HL ITS F/L
04.31 104 060 6 HL ITS F/L

12 005 076 08.46 016 040 CL-07 +3.1 I.D. CRACK CL-07
03.15 024 057 2 CL-07 +3.1 I.D. CRACK CL-07
09.12 014 035 5 CL-07 +3.1 I.D. CRACK CL-07

12 004 076 CL-07i? 003 076 00.04 000 000 1 PLUGGED +0000.0 NO TEST
12 002 076 00.04 000 000 1. PLUGGED NO TEST
! 2 001 076 00.05 000 000 1 PLUGGED NO TEST
12 001 077 01.13 000 000 1 PLUGGED +0000.0 NO TEST
12 002 077 00.02 000 000 1 PLUGGED +0000.0 NO TEST1 £ 003 077 00.02 000 000 1 PLUGGED NO TEST
12 004 077 00.03 000 000 1 PLUGGED NO TEST
12 005 077 10.55 016 040 1 CL-07 +3.1 I.D. CRACK CL-07

03.50 019 045 2 CL-07 +0003.1 CL-07
03.21 012 030 3 CL-07 +0003.1 CL-0711 «. 006 077 02.53 151 024 1 HL TTS +0000.0 F/L
03.00 080 026 2 HL TTS +0000.0 F/L
02.38 146 025 5 HL TTS +0000.0 F/L

12 007 077 03.93 127 048 1 HL TTS +0000.0 F/L
04.95 077 032 2 HL TTS +0000.0 F/L

12 008 077 F/L
12 009 077 CL-07
12 010 077 01 .10 142 034 1 HL TTS +0000.0 F/L
12 Oil 077 01 .41 145 031 1 HL TTS +0000.0 F/L
12 012 077 F/L
12 013 077 F/L
12 014 077 F/L
12 015 077 F/L
12 016 077 F/L
12 017 077 F/L
12 018 077 F/L
12 019 077 F/L
12 020 077 F/L
12 021 077 F/L
12 022 077 F/L
12 023 077 F/L
12 024 077 U-BEND
12 025 077 U-BEND
12 026 077 F/L
12 027 077 U-BEND
12 028 077 U-BEND
12 029 077 U-BEND
12 030 077 HL-07
12 031 077 U-BEND
12 032 077 CL-TTS

EVALUATOR ! LEVEL

FIGURE 13. Zetec Baseline Final Report Data Format (Typical)
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TABLE 3. Inspection Information Produced by 
Zetec DDA-4 Eddy Current Analyzer

Date of analysis
The side of the generator (hot or cold leg) from 

which the tube was inspected 
The magnetic tape reel number 
The probe type and size 
The tube row number 
The tube column number 
Phase angle of indication 
Voltage level of signal
Origin OD or ID and location of the indication 
Depth of the indication in terms of percent 

of wall thickness
Channel number from which determination was made 
Miscellaneous findings; such as notations, loose parts, 

sludge height, permeability and denting.
The extent of inspection [full-length (F/L)l

2.2 INTERCONTROLE INSPECTION

2.2.1 Intercontrole Equipment Setup

The Intercontrole equipment is designed to operate using dedicated 
software and specially developed controllers, so the equipment procured 
for the Zetec inspection was not directly adaptable for real-time 
acquisition of the Intercontrole inspection data. All of the equipment 
used for the Intercontrole inspection was supplied by Intercontrole. 
The major components of the Intercontrole equipment: pusher-puller, 
finger-walker probe positioner, and data acquisition system, are shown 
in Figures 14-16, respectively. Instead of a manually-controlled probe 
positioner, the Intercontrole system uses a microprocessor-based con­
troller which directs the pneumatically-powered finger-walker 
(Figure 15) to the appropriate tube row and column, potentially avoiding 
a mistake or omission.

It was determined at the time of the Intercontrole inspection that there 
was sufficient room in the SGEF truck unloading area to allow NDE teams 
to operate from within the SGEF. The Intercontrole examination was not 
interfaced with the PNL data acquisition computer, so there was no need 
to be located in the remote trailer. This change in operating location 
reduced the distance between the eddy current signal-conditioning 
equipment and the probe from approximately 200 ft. to about 30 ft., 
affording an improvement in signal-to-noise ratio.

2.2.2 Intercontrole Inspection and Signal Analysis Procedures

Intercontrole prepared and submitted a project plan to PNL describing 
the eddy current procedures, field modification records, personnel 
qualification and certification procedures, equipment calibration 
certificates, and calibration standard certificate. Quality Assurance
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Manual, Rev. B, October 17, 1983, was also submitted to PNL for review 
and acceptance. The specific eddy current procedure used by Intercon- 
trole for the baseline examination is QA-PCER-040, Rev. A, November 4, 
1983, "Multifrequency Eddy Current Procedure for Surry Steam Generator 
(2A).*1

Bobbin coil probes used by the Intercontrole team were 0.708", 0.688", 
0.669", 0.650", 0.629", 0.610", and 0.590" in diameter. All Intercon­
trole probe designs incorporated a magnetic saturation coil. The 
saturation field can be activated at any time during scanning to elimi­
nate the effects of permeability variations which might be present in 
the tube base material. Intercontrole eddy current data was collected 
by both during insertion and withdrawal of the probe. During withdrawal 
(pull) of the probe, the saturation field was automatically applied to 
the coil. This provided serial acquisition of data both with and 
without magnetic saturation, which allowed permeability conditions to be 
identified.

Test frequencies used by the Intercontrole team for the baseline exami­
nation data acquisition are given in Table 4.

TABLE 4. Frequencies Used by Intercontrole 
Baseline Inspection

500 kHz - Differential Mode 
240 kHz - Differential Mode 
100 kHz - Differential Mode 
100 kHz - Absolute Mode

The inspection procedures used by the Intercontrole team were similar to 
those used by the Zetec team. Scanning speeds used by the Intercontrole 
team were 20" per second for both insertion and withdrawal.

As a quality control function during the examination, PNL staff moni­
tored the entire Intercontrole data acquisition operation, checking the 
location of the finger-walker on a television camera against the 
intended locations selected by the Intercontrole operator. Prior to the 
installation of equipment into the channel head, specific tube rows and 
columns were painted red allowing the finger-walker locations to be 
confirmed. No errors were observed in the operation of this device, but 
no permanent record was kept for later verification.

The Intercontrole inspection system uses a four-channel digital tape 
recorder which allows up to eight channels of information to be recorded 
using serial multiplexing. Tube identification was automatically 
recorded by the microprocessor controller during scanning. PNL simul­
taneously recorded the Intercontrole eddy current signals real-time 
during data acquisition using the Zetec four-channel FM tape recorder 
(see Figure 16). This allowed data acquired by the Intercontrole IC3FA 
multifrequency equipment to be recorded on a media that could be sub­
sequently processed and analyzed on the Zetec DDA-4 analyzer.
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The signal analysis equipment used by Intercontrole differed signifi­
cantly from that used by the Zetec team. The Intercontrole data 
analysis equipment is shown in Figure 17. The digitally-recorded data 
was converted to analog by an IC4ID data interface, for analysis using 
the IC4AN signal processor and analyzer. The IC4AN processor includes 
differentiation and low-pass filtering to enhance signal presentation 
and analysis. Following the signal processing, eddy current signals are 
recorded off-line using an eight-channel strip chart recorder at 40" per 
second. The channels recorded on the strip chart recorder are given in 
Table 5.

TABLE 5. Frequencies Recorded on Strip Chart 
During Intercontrole Data Analysis

240 kHz - Horizontal and Vertical 
100 kHz - Absolute Horizontal and Vertical 
240 and 100 kHz Mix for Support Plates - 

Horizontal and Vertical 
500, 240 and 100 kHz Mix for Support Plates 

and Dents - Horizontal and Vertical

The concurrent display of the responses of all acquisition frequencies 
and test modes on this strip chart record afforded the opportunity to 
characterize indications as well as to detect them. The appearance of a 
signal at different frequencies, mixes, and saturation conditions aided 
the characterization of indications. The phase angle of indications 
identified by this procedure were subsequently measured and the depth 
determined.

The results of the Intercontrole baseline examination were submitted to 
PNL in a typed report. A copy of a typical page from the report is 
shown in Figure 18. The interpretation of the eddy current signal data 
for each tube inspected is given in Table 6.

TABLE 6. Inspection Information Produced by 
Intercontrole Baseline Data Analysis

Row (line)
Column number of the tube 
Origin of the indication (ID or 0D)
Depth of the indication in percent of tube wall 
Location of the indication(s) along the length 

of the tube
Sludge height above the tube sheet on both the hot leg (HL) 

and cold leg (CL) sides of the generator 
Location of obstructions encountered which prevented the 

passage of the eddy current probe (block)
Notes describing other observations, such as CD (conductive 

deposit), M (magnetic indications), and denting
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EDDY CURRENT FINAL FEPCFT

PLANT: Battelle UNIT #: 2A CCMP.: S/G PFCCEDUPE: Qft-PCER-040
SIDE: CL CALIBRATION SHEET #: 5 PEEL #: 3

SLUDGE
TUBE# WALL LOSS (CM)
L C Origin % location Origin % Location HL CL BLOCK NOTES

18 67 10 12 CD
17 67 CD 27 HTSE 8* 12 CD
16 67 CD 42 HTSE 8* 10 CD DCP67
15 67 CD 50 HTSE 8* 12 CD
14 67 8* 12 M CD
13 67 CD 52 HTSE 10* 16 CD
12 67 CD 47 HTSE 10* 18 CD
11 67 CD 75 HTSE 10 18* CD
10 67 CD 40 HTSE 10* 16* CD
9 67 CD 42 HTSE 8* 16 CD
8 67 CD 40 HTSE 10* 14* M CD
7 66 CD 42 HTSE 10* 16 CD
8 66 CD 45 HTSE 10* 16 CD
9 66 CD 50 HTSE 8* 16* CD

10 66 CD 40 HTSE 8* 18* M CD
11 66 CD 41 HTSE 10* 18 CD
12 66 CD 70 HTSE 8* 18* CD
13 66 CD 40 HTSE 10 18* CD
14 66 CD 37 HTSE 8* 18 CD
15 66 CD 42 HTSE 12* 18 CD
16 66 CD 44 HTSE 8* 16 CD
17 66 CD 37 HTSE 8* 16 CD
19 66 10* 14 CD
20 66 CD 44 HTSE 8* 12 CD
21 66 8* 12 CD
22 66 CD 57 HTSE 10* 10 CD
22 65 10 10 CD
20 65 10* 12 CD
19 65 CD 60 HTSE 10* 14 CD

FIGURE 18. Intercontrole Baseline Final Report Data Format (Typical)
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The Intercontrole analysis team also provided maps showing the location 
of reported indications and other conditions to provide a summary of the 
examination results.
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3.0 CONSTRUCTION OF THE INSPECTION RESULTS DATA BASE

A computerized data base was established by PNL for the maintenance and 
analysis of the eddy current baseline inspection results. In addition 
to the summary reports of the inspection results, both teams provided 
strip charts and magnetic tape recordings of raw data collected during 
the data acquisition portions of the examination. This was needed for 
subsequent re-analysis and validation of reported defects by PNL 
analysts. Calibration data verifying that equipment was set up in 
accordance with ASME Code requirements was also supplied.

The Zetec team initiated their inspection in July 1983, and completed 
the data analysis and reporting of the data in September. The Intercon­
trole team initiated their inspection in November 1983, and submitted 
their report in February 1984. The Zetec team examined 3125 tubes using 
the multi frequency technique. Figure 19 shows the tubes inspected by 
Zetec. A full length inspection means that all sections of the tube 
were inspected. The single-frequency equipment was used to evaluate 218 
of the tubes examined by the multi frequency technique. The Intercon­
trole team examined 2783 tubes with the multifrequency technique; the 
inspected tubes are shown in Figure 20.

The Zetec team performed over 9000 separate inspections. Some were 
repeat scans of dented tubes with progressively smaller diameter probes 
in an attempt to inspect the full length of a tube. However, in many 
cases little improvement in penetration beyond the first obstruction 
encountered was obtained with the smaller probe. The Intercontrole team 
reported approximately 4000 separate data entries. The use of their 
conventional pusher-puller coupled with pressurized air helped to a 
small degree to force the probe through tube obstructions, but the major 
reason for the smaller number of inspections was that there was little 
emphasis on using smaller probes because of Zetec's experience.

The reports provided by the two teams on their interpretation of the 
inspection data were organized differently (see Figures 13 and 18) and 
were presented to PNL on different types of digital computer media, 
which meant that different processing steps were needed to convert each 
team's data into a form suitable for computer analysis by the SGGP. 
This section describes how the interpretation data was obtained from the 
two inspection teams and input into the SGGP data base. Time was saved 
by obtaining the interpretation data from both teams directly from their 
computerized report files.

3.1 PROCESSING OF ZETEC DATA

Zetec performed the analysis and interpretation of the eddy current 
signals on a Hewlett-Packard (HP) 9836 desk-top computer (Zetec DDA-4), 
which allowed for the storage of certain pieces of information for each 
inspection and/or indication on floppy disks; these data records con­
stituted the bulk of the technical report from Zetec. The transfered 
records required some formatting changes on the HP so that they would be 
compatible with the file structure of the SGGP data analysis computer (a 
Digital Equipment Corporation VAX 11/780).
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Intercontrole did not record their interpretation data on a computer as 
part of the analysis process but typed the final report, including data 
sheets, on an IBM Displaywriter word processor. The file, although not 
as large as that produced by Zetec, still consisted of 3392 separate 
data records. Since the Displaywriter is a computer, PNL's computer 
specialist was able to transfer the inspection interpretation results 
from the Displaywriter storage medium directly to the analysis computer, 
thereby saving time and avoiding transcription errors.

The form of the Zetec eddy current interpretation data on the HP floppy 
disks (see Figure 13) is given in Table 3.

In addition to the quantitative information on indication size and 
location, qualitative information (permeability variation, restriction 
of tube and other reasons why a tube was not inspected, loose parts, 
dent, copper deposit, support plate removal or damage) was listed in a 
comments section. The interpretation results for the in-line standard 
were listed where they occurred in the inspection sequence, and were 
appropriately labeled. The date of the inspection and information on 
the instrument used (single or multi frequency) and the probe type and 
size were given when the standard was run.

As was mentioned earlier, the Zetec baseline inspection consisted of 
multiple inspections per tube using different diameter probes, even in 
some cases where the inspections were full length. The arrangement of 
the data on the data sheet made it difficult for computer processing. 
For example, comments were included in the defect location and extent- 
of-inspection columns in the data records. A fairly extensive re­
arranging and editing of the data file was needed in order to get the 
data in the appropriate form for the computer analysis. This editing 
consisted of adding the type and diameter of probe to each inspection 
record and coding the qualitative information, such as the reason why an 
inspection was considered a 'no test', into separate data fields. 
Twenty-eight separate data fields were produced from the 12 data fields 
on the original DDA-4 data records. They are given in Table 7.

Ten result categories captured the qualitative information in the defect 
location, extent of inspection, and the comment fields of the original 
inspection records. They are given in Table 8.

All categories except for dent are self explanatory. A dent refers to a 
dent-like signal that occurs between support plates. Dents at support 
plates were not specifically called out. For the result code of 'no 
test', there is a further explanation of the cause. They are coded into 
the categories given in Table 9.

Consistency checks were performed as part of the analysis process. 
Examples of inconsistencies are a measured defect without a location or 
an extent of inspection, and records for which the extent of inspection 
did not agree with the location of indications. Also there were occur­
rences of duplicate entries of indications, making it appear that more 
than one indication existed at a given location. Findings of this 
nature were easily resolved by discussions with the Zetec analyst. Some
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TABLE 7. Organization of Zetec Inspection 
Information in PNL Data Base

Master sequence number - a unique identifier for each inspection 
needed for internal quality assurance purposes 

Instrument - single or multi frequency 
Origin (leg) of the inspection 
Probe type and diameter 
Row
Column
Retest flag - activated if inspection is labeled a retest of an 

earlier inspection
Analog reel number - actual reel the analog record of the inspection 

is on, as opposed to the range of reels given in the HP data sheets 
Inspection date
Report date - date the analog tape was analyzed
Voltage
Phase angle
Flag - for 'less than' size measurements, such as <20%
Percent of wall thickness 
Channel
Phase flag - used if phase was altered from original by analyst 
Result code - this will be described below 
Reason code - also explained below 
Location-leg of indication
Location reference point of indication - tube sheet, support plate 

number, or U-bend
Location of indication from reference point in inches 
Inclusive leg - used to locate anomalies, such as permeability 

variation, over an interval of tubing and pertains to the next two 
i terns

Inclusive reference 
Inclusive distance 
Extent of inspection - leg 
Extent of inspection - reference 
Extent of inspection - distance from reference point 
Location and extent columns information from the HP data sheets 

were preserved for rechecking and correction of the above coding 
if needed
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TABLE 8. Categories of Inspection Results 
for Zetec Baseline Inspection

Standard
No defect detected
Permeability variation
Dents
ID crack
OD defect
Copper
Loose part
Tube support plate removal/damage 
No test

TABLE 9. Categories of Reasons for No Inspection 
of a Tube for Zetec Baseline

Template plug
Tube plugged
Tube restricted
Tube blocked by fixture
Tube missed
Saturated signal
Bad data

inconsistencies were not so easily resolved and still remain in ques­
tion. There was evidence of instances when the tube reported as being 
inspected was not the tube that was actually inspected. There were 
three cases of transcription error where the tube reported as inspected 
does not exist, and six cases where plugged tubes were reportedly 
inspected.

Because the inspections were done sequentially up and down the columns, 
all inspections following a misidentified inspection are questionable 
(that is, until a change in the sequence of tube numbers because of 
changing columns or moving to a tube farther down the column). However, 
only one, a 21% OD indication was detected in a potentially misidenti­
fied tube.

For some inspections, the information from the different frequencies 
appeared to present conflicting information to the analyst, so that 
wall-loss measurements were reported for more than one frequency for the 
same indication. At the advice of the Zetec analyst, the wall loss 
reported by the 400 kHz differential channel was used for purposes of 
these analyses as the estimate of the size of the indication. However, 
49 of the indications reported by Zetec were not sized using the 400 kHz
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differential channel. In those cases, the indication size obtained by 
the reported frequency was used. In two cases the same indication was 
reported on more than one non-400 kHz differential channel; the median 
of the reported sizes was used to estimate the size of the indication 
for that inspection.

In analyzing the separate inspections of the same tube, some issues had 
to be addressed that normally do not arise during in-service inspections 
(ISIs). Knowledge of the exact location of an indication in the tube is 
not crucial in ISIs because the important factor is whether the indica­
tion size exceeds the plugging limit. However, in comparing separate 
inspections using the computer analyses, the exact location of an 
indication is important as a measure of whether the same physical event 
is being observed. The manner in which Zetec reported their distances 
from the reference points posed a slight problem. The distance away 
from the reference point was assigned a positive or negative value 
depending on the pull direction of the probe. For example, an inspec­
tion from the hot leg would locate an indication three inches above 
hot leg support plate 1 as plus three, while an inspection from the cold 
leg would locate the same indication minus three inches from support 
plate 1. This situation had to be corrected to avoid indications 
created by improper reference. For consistency, the location of an 
indication above the reference point, with respect to the normal verti­
cal operating position of the generator, was defined to be positive.

Reported indications were located to the nearest tenth of an inch. 
Repeat inspections of the same indication often showed slightly dif­
ferent locations. Figure 21 shows a histogram of the differences in 
distance from the reference point between the same reported indications 
for different inspections. The variable plotted on the vertical axis is 
the difference in location (in inches) between the reported indications 
from two inspections; the horizontal axis gives the counts of the number 
of inspection pairs that fall into the category. The distribution was 
quite skewed, with nearly 80% of the indications from separate inspec­
tions located within 0.25" of each other. The largest distance differ­
ence was 1.5", so it is apparent that the reported locations of the same 
indication from different inspections was quite consistent. There were 
125 indications for which the location from different inspections was 
within 0.2". From other inspections, separate indications within 0.2" 
of each other were apparently capable of being resolved, so a criterion 
was established that separate inspections reporting the same indication 
must locate it within 0.2". Reported indications over 0.2" apart were 
considered separate indications for this analysis.

Because of the larger probe fill factor, one would expect to detect 
indications with a larger probe that are not consistently detectable 
with a smaller probe (due to probe wobble), and the depth of the 
reported indication should be more accurate with the larger probe. 
Therefore, for inspections using different size probes, the results from 
the larger probe should be the most accurate estimate of the presence, 
and depth of an indication. Multiple inspections of the same tube did 
not always produce the expected results. Inspections with different 
size probes were evaluated to see whether they produced results consis­
tent with the theory that larger probes should detect indications missed
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FIGURE 21. Histogram Showing Distance Between Reported 
Indications from the Same Tube for the Same 
Reference from Different Inspections by Zetec

by smaller probes. There were 23 indications found with a larger probe 
that were missed by smaller probes, but there were 41 indications for 
which a smaller probe detected an indication that was missed by an equal 
or larger size probe.

As part of the data processing consistency checks, the reported depths 
of indications from different inspections located within 0.2" were 
compared. Out of 125 such indications, the larger probe detected a 
deeper indication 47 times. A histogram of the difference in reported 
size between two inspections of the same indication is given in 
Figure 22. The vertical axis is the difference in reported depth in 
percent of wall thickness, and the horizontal axis represents the number 
of cases in that class. The distribution is skewed, but it is much more 
spread out than the histogram of the reported distances between the same 
indications from different inspections {Figure 21). A cutoff value of a 
14% difference was used for purposes of determining the depth of indica­
tions reported by more than one inspection for comparison to the Inter- 
controle interpretation results, because it appears that the main body 
of the data is located below this value, and the indications with a 
larger difference in depth may, for example, be caused by errors in tube 
number. The median of the reported depth indications that were within 
0.2" of each other and whose depth was within 14% was used as the 
estimate of depth for comparison to the Intercontrole inspection 
results. Indications which had reported depths differing by more than 
14% of wall thickness were labeled as being of indeterminate depth for 
the purpose of the comparison.
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3.2 PROCESSING OF INTERCONTROLE DATA

The inspection interpretation data from the Intercontrole data sheets 
did not contain as much detail as the Zetec data. However, it arrived 
in a form that was more readily accessible for computer processing. The 
items on the data sheets (see Figure 18) are listed in Table 10.

TABLE 10. Inspection Information from Intercontrole 
Baseline Data Sheets

Origin (leg) of the inspection 
Calibration sheet number 
Data reel number 
Row number 
Column number
Wall loss origin (ID or OD)
Wall loss as % throughwall
Wall loss location (reference ± distance in cm) 
Sludge height 
Extent of inspection
Qualitative findings (conductive deposit, 

permeability indication, dent, bulge)

Intercontrole reported dents and bulges in some tubes outside the region 
of the support plates. The data sheets did not provide information on 
the size of probe used for each inspection nor the calibration; however, 
copies of the separate calibration sheets from which this information 
could be obtained were provided. The Intercontrole data preprocessing 
included separate coding of the qualitative comments. The same type of 
data checking that was done for the Zetec inspection results, such as 
making sure that the location of an indication was consistent with the 
extent of inspection, was done for the Intercontrole inspection results. 
However, since there were very few multiple inspections per tube sec­
tion, the extensive processing needed to obtain a single depth estimate 
for an indication that was done for the Zetec data base was not required 
for the Intercontrole data base.
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4.0 STATISTICAL COMPARISON OF THE INSPECTION RESULTS

The statement of work required the teams to report all indications of 
degradation, regardless of size. Therefore, wall-loss indications less 
than 20% were reported although the current U.S. regulations do not 
require it. Other items reported included the height of sludge on the 
tube sheet, the presence of permeability variations, conductive 
deposits, denting, loose parts and bulges. Denting is present at nearly 
all of the support plate intersections of the Surry generator. There­
fore, it was decided after several tube inspections that the reporting 
of denting would be omitted. Permeability variations were also found to 
be present in a majority of tubes, so it was decided that the perme­
ability variations would not have to be reported either due to the 
excessive time required to identify and report several thousand such 
indications.

Results of the baseline eddy current examinations yielded a large number 
of indications. In order to maintain each team's anonymity, the two 
baseline examination teams will be referred to as Team 'X' and Team 'Y' 
in subsequent comparisons of the inspection results.

A preliminary comparison analysis of the two teams' inspection results 
revealed that there were unexpected disagreements between the teams in 
defect detection which amounted to about 35% of the indications reported 
by Team X and 25% of the indications reported by Team Y. Each team was 
asked to re-examine its results in light of the other team's findings to 
resolve some of the disagreement.

Information on the unmatched indications (that is, those reported by 
only one team) were furnished to each team: Zetec's unmatched to 
Intercontrole and vice versa. Because of time constraints, the teams 
were asked to review only the tubes where there was a difference in 
detection of indications reported as >20%. This produced a total of 160 
inspections to be reanalyzed.

The process used to resolve these differences required that analysts 
review magnetic tapes, strip charts and other data collected during 
their examinations. No reinspections of tubes (scanning) were 
performed.

Thirty-seven of the inspections did represent agreements in detection 
between the two teams that had been missed because of differences in the 
teams' reporting practices or the project's data analysis procedures. 
In only nine of the inspections did the teams revise the original 
baseline results; these changes consisted of indications that had been 
previously missed by the analyst or the relocation or resizing of 
previously reported indications.

Although the re-analysis of the data resulted in no more than a 25% 
decrease in the number of discrepancies in detection, the reasons for 
the difference between the teams became evident. In all but 18 of the 
160 inspections, both teams saw a signal in their data, but differed as
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to its cause. For example, one team called a 45% wall-loss indication, 
but the other team thought the signal was due to a copper deposit so it 
was not reported as wall loss.

As part of their re-analysis, Intercontrole described the confidence of 
their findings using one of four levels:

1) CH - Good confidence in both the presence of wall loss and the 
reported depth.

2) CL2 - There appears to be wall loss, but the reported depth is 
debatable. The analyst uses discretion in whether or not to report 
an indication at this level depending on the depth.

3) CL3 - The presence and depth of wall loss is debatable. Eddy 
current analyst uses discretion in whether or not to report an 
indication.

4) CL4 - The signal is not the result of wall loss.

The following ratings were assigned by Intercontrole to their >40% 
unmatched indications - one CL1, seven CL2, and three CL3 confidence 
levels out of the 20 signals analyzed. The rest were labeled CL4. For 
the 20 to 40% unmatched indications, there were two CL1, three CL2, and 
eleven CL3 confidence level ratings out of the 66 signals reanalyzed. 
The number of CL1 confidence levels assigned to the reviewed signals 
indicates that the signals were actually missed on the initial analysis 
and should have been identified as an indication by the data analyst. 
The large number of lower confidence ratings given to the reanalyzed 
indications is indicative of the difficulty experienced by the analysts 
in determining the presence of wall loss in the distorted eddy current 
signal data from this service-degraded generator.

Both teams reported that the effects of denting and conductive deposits 
on eddy current signals could not be eliminated by mixing the responses 
of various test frequencies. The differences in the inspection results 
between the teams appear to be due more to a function of the analysts' 
interpretations of complex eddy current signals than to any other cause, 
and the teams' analysts have basically agreed to disagree in their 
interpretations of the signals. Both teams agreed that better flaw 
characterization was not possible due to the nature of the eddy current 
response. Additional scanning by specialized probes, such as a rotating 
pancake coil probe, or increased saturation field strength, would be 
needed to provide an improved characterization by eddy current examina­
tion.

In addition to the data obtained as a result of the multifrequency 
examinations, the Zetec team conducted an examination of 218 tubes in 
the generator to determine the equivalency of single frequency tests 
conducted during the service life of the generator with results from 
multifrequency equipment operated in single frequency mode. The single 
frequency data was collected using the Zetec EM-3300, and the multi­
frequency data was collected using the MIZ-12. Both sets of data were 
analyzed using the Zetec DDA-4 analyzer. The comparison of the analysis 
results of the eddy current signals from six randomly selected tubes are 
shown in Table 11. The differences are small. The single frequency and
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multifrequency signal response resulting from the examination of two of 
the tubes listed in Table 11 are illustrated in Figures 23 and 24. Note 
that the difference in response for R22C36 is related to signal gain, 
the single frequency test being conducted at the normal code-required 
gain setting, while for R22C61 the difference in the indications is that 
one appears to be inverted as a result of being scanned by the probe in 
different directions during data acquisition. The signals and depth of 
defect called are similar for single frequency 400 kHz and the compar­
able channel of the multi frequency examination.

TABLE 11. Comparison of Typical Mu1tifrequency/ 
Single Frequency Eddy Current Results 
- Zetec Baseline Examination

Tube Single
ROW Col Multi frequency Frequency

46 45 63% 65%
22 36 43% 40%
21 43 78% 78%
16 46 72% 76%
22 61 56% 54%
15 69 42% 49%

A review was conducted of data collected during the in-service inspec­
tions of the Surry generator during the 1977-78 period. The objective 
of this comparison was to determine if the depth of indications had 
changed during the period following plugging. Of 110 tubes randomly 
selected, half of the in-service inspection results were labeled as 
'dent1. Of the tubes where there was agreement on the presence of wall 
loss, the reported size from the post-service baseline inspection was 
often smaller than the size reported during the in-service inspection. 
A possible explanation for the differences was operator interpretation 
of complex signals and a desire to be conservative to avoid leaking 
tubes during the generator service life.

4.1 TABULATION OF INSPECTION INTERPRETATION RESULTS

Table 12 lists the number of reported occurrences of the different types 
of conditions reported by Teams X and Y. Part of the difference in the 
types of conditions reported is due to inconsistency in terminology 
between the teams. The copper deposits reported by Team X refer to the 
same condition as the conductive deposits reported by Team Y. The 
Team Y analyst, however, differentiated between generalized conductive 
deposits that covered a large section of tube and localized conductive 
deposits that were confined to several inches of tube between the tube 
sheet and 1st support plate. The reporting of nonwall-loss conditions 
was not required in the statement of work. The differences between the 
teams in number of conditions reported does not imply that one team is 
more observant or skilled than the other. Also, the prevalence in the 
generator of the various nonwall-loss conditions cannot be inferred from
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the reported number of occurrences because they were not required to be 
reported. Teams X and Y differed in the number of wall-loss indications 
(both ID and OD) - 779 for Team X and 1061 for Team Y.

TABLE 12. Number of Occurrences of Each Type
of Condition Reported by Team X and Y

Type of 
Condition

Permeability Variations 
Generalized Conductive Deposits 
ID Indications 
OD Indications
Localized Conductive Deposits 
Bulges
Dings (between supports)
Denting
U-bend Transitions 
Magnetite 
Copper Deposits 
Loose Parts
Support Plate Removal/Damage

Number of Number of
Observations Observations

Team X Team Y

71 495
2,413

6 20
773 1,041

209
29

5 14
46

4
6

35
9
1

Note: Reporting of nonwall-loss conditions was not required.

Table 13 shows the number of wall-loss indications referenced to each of 
the support plates and the tube sheet for the hot and cold legs and the 
U-bend by the two teams. Team Y referenced locations in the tube sheet 
region somewhat differently than Team X. Reference points used within 
the tube sheet include the tube end, tube sheet gap or crevice, top of 
tube sheet and unspecified tube sheet location. Most of the reported 
indications for both teams were referenced to the hot leg top of the 
tube sheet where tube wastage in the sludge pile was expected. Team Y 
tended to call more indications at all locations in the generator than 
did Team X. As will be discussed later, this was due to the tendency of 
Team Y to call many small (<10%) indications. There were a few excep­
tions however. For example. Team X called ?0 indications at the cold 
leg support plate 7, to 10 for Team Y. But this may have been due to 
the difference between the teams in the reference point used for U-bend 
indications; Team Y reported 2? indications located in the U-bend region 
and Team X reported none.

46



TABLE 13. Locations of Wall-Loss Indications 
from the Baseline Inspections

Reference Location

Number of Indications
Hot Leg Cold Leg

Team X Team Y Team X Team Y

Tube End 1
Tube Sheet Gap 1
Unspecified Tube Sheet 2 4
Top of Tube Sheet 713 731 22 113
Support Plate 1 3 5 1 6
Support Plate 2 3 2
Support Plate 3 2 3 2 1
Support Plate 4 1 2 3
Support Plate 5 1 9 1
Support Plate 6 20 1 9
Support Plate 7 11 115 20 10
U-bend 22

Histograms of the depths (in percent of wall thickness) of the indica-
tions reported by Teams X and Y are given in Figures 25 and 26, respec­
tively. The six 100% throughwall indications reported by Team X were 
found to have been caused by drill marks made during tube unplugging and 
were intentionally not reported by Team Y. The largest number of 
indications reported by Team Y are less than 10% of wall thickness. 
When these indications are not considered, the number of indications 
that Team Y reported (608) is less than the number found by Team X 
(713). The largest number of indications called by Team Y (excluding 
those <10%) were in the 40-45% range as compared to the 20-30% range for 
Team X. In the ranges from 10-40% and 90%-and-larger, Team X called 
more indications, but the number found by Team Y in the range from 
40-80% is larger.

The comparison of the locations of the reported indications (Table 13) 
or the histograms of the depths of those indications (Figures 25 and 26) 
is not sufficient to evaluate how well the two baseline inspections 
agree. The reported indications should occur in the same location in 
the tube with respect to the reference point, such as a support plate or 
top of the tube sheet, for the inspections to agree (a common detec­
tion). In addition, the depths of these common indications must be 
close.

Maps of the locations of indications referenced to each support plate 
and the. tube sheet corresponding to the information in Table 13 are 
given in Appendices F and G for Team X and Y, respectively. Maps are 
given only for reference locations with at least one indication; for 
example, there is no map for the hot leg 2nd support plate. The plotted 
symbols represent the size of the indications based on three categories, 
>_40%, 20-40%, <20%. If there is more than one indication at the same 
reference location, then the number of indications, rather than the 
depth, is plotted.
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4.2 DFTECTION AGREEMENT

The criteria for determining a common detection was defined as fol­
lows: Both teams had to report an indication in the same tube, 
reference it to the same support plate or other reference point, and the 
specific locations of the indication reported by the two teams had to be 
within 5" of each other. The reported depth of the indication was not 
considered as part of the agreement criteria at this stage of the 
analysis. A 1" limit had initially been chosen for the specific loca­
tion requirement by considering the thickness of the support plates and 
the degree of uncertainty in the distance measurements of repeat inspec­
tions. Upon consulting both teams' analysts, the 1" limit was expanded 
to 5" because the method of analysis by one team did not locate indica­
tions as precisely as the other.

The 5" range was not adequate to match indications at the top of the 
tube sheet. The reason was due, in part, to the large number of indica­
tions not given specific locations by Team Y. The Team Y analyst chose 
not to report an exact location for many of the indications at the top 
of the tube sheet because the wall loss extended over a long vertical 
distance (several inches) in most cases; this made the selection of a 
point location for the indication difficult. Team X, on the other hand, 
reported the location of the maximum wall-loss signal regardless of the 
length of the indication. The Team Y analyst stated that all indica­
tions reported at the top of the tube sheet occurred within the sludge. 
The maximum sludge height called by Team Y was 8.7". The Team X analyst 
had also called a smaller, though significant, number of indications 
without specific locations at the top of the tube sheet. Thus it was 
necessary to disregard the 5" range within which indications had to be 
located to be considered in agreement at the top of the tube sheet.

The lack of a specific location for indications referenced at the top of 
the tube sheet had other significant implications. There were 87 tubes 
where one or both teams called more than one indication at the top of 
the tube sheet. Without specific locations, it was impossible to create 
a one-to-one matching among these indications. The number of agreements 
for multiple indications was based on all possible combinations of these 
indications and, therefore, are probably somewhat inflated.

There are only four reference locations in the generator where both 
teams agreed on a reported indication. They are the top of tube sheet 
on the hot and cold legs, the hot leg 7th support plate and the cold leg 
1st support plate. Tables 14 through 17 are the detection/no detection 
tables of Team X and Team Y indications for the four reference loca­
tions, respectively. Both teams had to have inspected the same section 
of tube for an indication to be included in the tabulation. The upper 
left-hand cell contains the number of indications reported by both 
Team X and Team Y (detection agreement). The upper right-hand cell 
shows the number of indications that Team X reported that Team Y did 
not. The lower left-hand cell contains the number of indications that 
Team X did not report that Team Y reported. The lower right-hand cell 
is empty. It should contain the number of indications that neither 
Team X nor Team Y reported and that could be estimated by dividing each
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TABLE 14. Comparison of Detections for Team X and Team Y
at Hot Leg Top of Tube Sheet/Tube Sheet Edge

Team Y 

D ND

T D 
e 
a 
m

X

655 125

ND

92

Number of Team Y detections without specific locations: 0

Number of Team X detections without specific locations: 0
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TABLE 15. Comparison of Detections for Team X and Team Y
at Cold Leg Top of Tube Sheet/Tube Sheet Edge

Team Y

D ND

T
e
a
m

X

D

ND

11 11

102

Number of Team Y detections without specific locations: 0

Number of Team X detections without specific locations: 0
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TABLE 16» Comparison of Detections for Team X and
Team Y at Hot Leg Support Plate 7

Team Y

D ND

T D 
e 
a 
m

X

3 8

ND

110

Number of Team Y detections without specific locations: 0

Number of Team X detections without specific locations: 0
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TABLE 17. Comparison of Detections for Team X and
Team Y at Cold Leg Support Plate 1

Team Y 

D ND

0

ND

4

Number of Team Y detections without specific locations: 1

Number of Team X detections without specific locations: 0
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tube Into 2" (or other size) segments and counting the number of seg­
ments that have no detections, but the count would be very large and 
would focus attention away from the reported detections which are of 
primary concern for safe and reliable steam generator operation. At the 
bottom of the table is a count of the number of indications that each 
team did not give a specific location. Any indications that fell into 
this category were not included in the cells.

Tables 14-17 show that there is not much agreement between the teams on 
indications except at the hot leg top of tube sheet (Table 14). 
Table 14 shews that 655, 75% of the total number, of 872 indications 
reported by the two teams at the hot leg top of tube sheet in commonly 
inspected tube sections are common indications. The percentage of each 
tea»*s indications that are common indications are similar - 84% for 
Team X and 87% for Team Y. The pattern is different for the cold leg 
top of tube sheet data (Table 15). Only 9% of the total of 124 reported 
indications were common detections. Because Team Y reported over five 
times as many indications, the percentage of each team's indications 
that were common indications differed: 50% of Team X's indications 
compared to 10% for Team Y. The detection agreement at the hot leg 7th 
support plate is similar to that at the cold leg top of the tube sheet, 
although the agreement percentages are somewhat smaller. There were 
only five indications reported by either team at the cold leg 1st 
support plate (Table 17} and there was agreement on one.

Although the non-tube sheet indications are referenced to a support 
plate, they are not located at the support plate, but may be 2 or 3' 
from it.

The summary of agreements in detection between Teams X and Y for the 
entire generator are given in Table 18. Considering only the indica­
tions in tubes that both teams inspected, 55% of the total number of 
1219 indications are agreements in detection. Looking at each team's 
indications separately, the rate of common detections is 84% for Team X 
and 61% for Team Y.

4.3 COMPARISON OF REPORTED DEPTHS FOR COMMON DETECTI MB

Figure 27 shows a histogram of the difference (in percent of wall loss) 
in the reported depth between indications reported by both Team X and 
Team Y (matched indications) anywhere in the generator. In cases where 
a team sized an indication as <10%, the size of the indication was 
assumed to be 10%. The vertical axis of the histogram is the difference 
in depth, with the number representing the middle of the interval rather 
than an endpoint. The top of the y-axis represents indications that 
Team X sized deeper than Team Y. The bottom of the y-axis is the 
reverse. In preparing the data for this histogram, all possible avenues 
were taken to minimize the difference in depths between matching indica­
tions. In cases where one team called more than one indication and the 
other team called only one indication, a depth was calculated for each 
possible pair of indications. However, when both teams called more than 
one indication at the same location, the depths were matched by hand to
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TABLE 18. Summary of Comparison of Detections for
Team X and Team Y for All Locations

Team Y 

D ND

: 670 179(129):

:424(420)

Number of Team Y detections without specific locations: 0 

Number of Team X detections without specific locations: 0 

( ) Indications in sections of tube inspected by both teams.
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minimize the size difference. Because this was done, the number of 
points on the histogram will not match the sum of the elements in the 
cells of the Detection Agreement Tables (Tables 14-18). The mean of the 
differences is 5.3 and the standard deviation is 15.5. A mean of S% is 
statistically significantly different from 0 (by the single sample 
t-test, Snedecor and Cochran, p.70) which shows that Team Y consistently 
sized the same indications deeper than Team X.

A summary of the level of agreement between the two baseline examina­
tions by depth is given in Table 19. The wall-loss indications for each 
team are divided into three depth classes: >40%, 20-40%, and <20%, 
corresponding to current U.S. plugging and reporting requirements. 
Within each size class, the indications were further classified accord­
ing to the level of agreement between the two teams. The class that 
represents the best agreement between the teams is a matched (common) 
detection with the size difference <10%. The next level of agreement is 
a matched detection with the size "difference >10%. The third class is 
the one in which the teams disagreed on a detection--whether it was due 
to absence of a signal or disagreement on the interpretation of the 
signal. Next to the number of indications in a class is a percent of 
the total number of indications in that class.

TABLE 19. Summary of Wall-Loss Indications Reported by
Teams X and Y by Depth and Agreement Categories

Matched Detection Matched Detection Unmatched
Depth Size Diff <10% Size Diff >10% Detection

>40% Team X 132 60% 73 33% 15 7%
Team Y 160 45% 174 48% 25 7%

20-40% Team X 158 46% 131 38% 55 16%
Team Y 125 60% 49 24% 33 16%

<20% Team X 88 48% 41 23% 53* 29%
Team Y 89 17% 44 8% 390* 75%

* <20% indications not reviewed.

Sixty percent of Team X's and 45% of Team Y's indications that are >40% 
are included in the best agreement category (two detections and size 
difference <10%). For the 20-40% size range, the situation is reversed: 
46% of Team X's and 60% of Team Y's indications are in this category. 
This is consistent with the histograms of the sizes of indications 
called by the two teams (Figures 25 and 26). If the two agreement on 
detection categories (i.e., size difference <10% or >10%) are combined, 
their proportion of agreements is much larger than if size of the 
difference is also considered. The percent of matched detections for 
the >40% size class is 93% for both Teams X and Y. The percent of 
matched detections for both teams is 84% for the 20-40% size category.

57



The mismatched indications <20% were not reviewed by the two teams, so 
the agreement categories are not as accurate as those for the other 
depth categories. However, there appears to be less agreement in 
detection for the smaller defects because of the larger number of small 
indications reported by Team Y.

4.4 COMPARISON OF >10% and >20% INDICATIONS ONLY

During the analysis of the baseline data, a question was raised whether 
both teams placed the same emphasis on the reporting of <20% indica­
tions. The teams were asked to report all indications, but the 
reporting of <20% indications is not required under ASME guidelines. 
Therefore, the agreement analyses (Section 4.1) were repeated to compare 
>20% indications only, where there is no question about the need for 
reporting under ASME guidelines.

Since Team Y reported many very small (<10%) indications, two separate 
analyses were performed for completeness: <10% indications omitted and 
<20% indications omitted.

Tables 20 and 21 are the Detection Agreement Tables for the >10% and 
>20% indications, respectively, regardless of location. They should be 
compared to Table 18. The percent of common detections of the total 
number of indications is 64% and 67% for the >10% and _>20% indications, 
respectively. For the Team X indications, the percents of common 
detections are 75% and 80%, respectively. The corresponding results for 
the Team Y indications are 81% and 80%, respectively. Because the 
removal of the small indications preferentially reduced the number of 
Team Y's indications, the overall common detection rates (64% and 67%) 
improved from the 55% agreement for indications regardless of size, 
shown in Table 18. For the same reason, the common detection rates for 
Team Y's indications improved from 61% to 81% and 80%, respectively. 
Interestingly, the agreement percentages for Team X’s indications 
decreased somewhat, from 84% to 75% and 80% for the >10% and >20% 
indications, respectively.

Figures 28 and 29 show histograms of the sizing difference for matched 
indications for the >10% and >20 indications, respectively. The shapes 
of the distributions are the same as that of Figure 28. The mean and 
standard deviations of the two distributions are 7.1% and 14.2%, respec­
tively, for the >10% indications, and 6.8% and 13.0%, respectively, for 
the >_20% indicatTons. Although the standard deviations are smaller in 
these data than for all indications, removing the small indications has 
made the difference in depth between matched indications larger than if 
all the data were used.

The summary of the two baseline inspection results for the >10% and >20% 
indications are shown in Tables 22 and 23, respectively. "These tables 
should be compared with Table 18. For the _>^0% depth category, the 
numbers of indications did not change for the best agreement category. 
However, the numbers of indications in the size difference ^10% agree­
ment category decreased with a corresponding increase in the unmatched 
detection category.
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TABLE 20, Comparison of Detection for Team X and
Team Y, <10% Indications Removed

Team Y

D ND

T D
e
a
m

X

ND

: 539 183 :

126(123)

Number of Team X detections without specific locations: 0 

Number of Team Y detections without specific locations: 0 

( ) Indications in sections of tube inspected by both teams.
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TABLE 21. Comparison of Detections for Team X and
Team Y, <20% Indications Removed

Team Y 

D ND

T
e
a
m

X

: 470 162(121):

•117(114)

Number of Team X detections without specific locations: 0 

Number of Team Y detections without specific locations: 0 

( ) Indications in sections of tube inspected by both teams.
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TABLE 22. Summary of Wall-Loss Indications Reported 
by Teams X and Y by Depth and Agreement 
Category, <10% Indications Deleted

Two Detections Two Detections
Size Difference Size Difference Unmatched

Depth <10% >10% Detection

>40% Team X 132 60% 67 30% 21 10%
Team Y 160 45% 169 47% 30 8%

20-40% Team X 148 45% 106 32% 78 23%
Team Y 117 58% 42 21% 40 20%

<20% Team X 21 17% 28 22% 77 61%
Team Y 21 29% 9 13% 42 58%

TABLE KI. Summary of the Wall-Loss Indications Reported
by Teams X and Y by Depth and Agreement 
Category, <20% Indications Deleted

Two Detections Two Detections
Size Difference Size Difference Unmatched

Depth <10% >10% Detection

>40% Team X 132 60% 66 30% 22 10%
Team Y 160 45% 157 44% 41 11%

20%-40% Team X 158 43% 102 30% 92 27%
Team Y 125 57% 26 13% 63 31%

The results for the 20-40% depth category showed a decrease in ■
number of common detections in the best agreement category, with the 
largest decrease for the set of >20% indications. The percent of 
unmatched detections for this depth category increased from 16% for the 
entire data set to 27-31% for the >20% only indications.

The <20% size category for the set of >10% indications (Table 22) is 
interesting compared to the same category in Table 19. The size of the 
best agreement category for Team X decreased, while the size of the same 
category for Team Y increased. The opposite behavior occurred for the 
unmatched detection category. These reversals were due to the fact that 
Team Y called many more <10% indications, but fewer indications in the 
range 10-20%, than did Team X.

In summary, the omission of the small indications (either <10% or <20%) 
has not improved the agreement, either in detection or sizing of common 
indications.
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4.5 HEIGHT OF THE SLUDGE ON THE TUBE SHEET

During the service life of the generator, a sludge pile formed in the 
center of the tube sheet on both the hot and cold legs. Several 
attempts were made to dislodge the sludge pile, but without success. 
The height of the sludge pile was measured using a 25 kHz eddy current 
inspection before and after the sludge-lancing procedures. The sludge 
was reported to be deepest on the cold leg. The sludge height data 
measured during the service life of the generator is presented in 
Doctor et al., PNL-3955, “A Description of the Data Acquisition and 
Statistical Analysis Computer Systems for the Steam Generator Group 
Project," October 1983.

During the post-service baseline inspections, both teams also produced 
sludge height measurements. Figures 30-33 show maps of the sludge 
height for the hot and cold leg side of the generator for Teams X and Y, 
respectively. A comparison of Figures 30 and 32, and 31 and 33 suggests 
that Team Y reported deeper sludge heights than Team X. The observation 
was submitted to a formal statistical test by comparison of the sludge 
height data for tubes in which both teams had measurements. The dif­
ferences between the two teams' reported sludge height measurements in 
the same tubes are shown in Figures 34 and 35. The result of the test 
for the difference of means (Snedecor and Cochran, 1980, p. 85) for both 
legs of the generator is that Team Y reported sludge heights signifi­
cantly deeper than Team X.

4.6 USES OF THE BASELINE INSPECTION DATA

As mentioned in Section 1.0, the purpose of the baseline inspections was 
to determine the location of defects within the generator to ensure 
selection of tubes with an adequate number of defects for NDE inspection 
during the round robin activities and subsequent destructive analysis. 
The round robin inspections provide the data to evaluate differences 
between teams for statistical analyses of inspection reliability. The 
validated round robin data will provide an estimate of the accuracy and 
precision of defect detection and sizing of reported wall-loss indica­
tions. The baseline inspections also provided a measure of the number 
and distribution of defects in the generator.

The process for selecting the tubes for the NDE round robins was based 
on statistical stratified sampling. A detailed description of how the 
baseline inspection results were used in the stratified sampling process 
is given in Doctor et al., PNL-5868, "Task 9 Final Report - Nondestruc­
tive Evaluation Round Robin".
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TECHNICAL SPECIFICATION 
FOR THE BASELINE EDDY CURRENT INSPECTION OF 
TUBING FROM A RETIRED SURRY STEAM GENERATOR

i.O SCOPE

This document defines the technical specifications and require­

ments governing the conduct of the baseline post-service eddy 

current inspection of thin-wall tubing in the Surry 2A steam 
generator. The steam generator is a Westinghouse Series 51 which 
was removed from service in 1979 and transported from Gravel 
Neck, Virginia to the U.S. Department of Energy Hanford Reserva­
tion in Richland, Washington. Battelle Pacific Northwest Lab­
oratory is under contract with the U.S. Nuclear Regulatory 
Commission and other project sponsors to conduct the Surry Steam 
Generator Group Project. One of the tasks of the program is to 
perform a complete eddy current inspection of the steam genera­
tor tubing. At Hanford, the steam generator is housed and 
positioned vertically in the Steam Generator Examination Facil­
ity (SGEF). The SGEF was constructed specifically for nonde­

structive and destructive examinations of the Surry steam gen­
erator. The eddy current inspection of the Surry 2A steam 

generator will be performed at the SGEF. It is intended that 
this post-service inspection will simulate an inspection at an 

actual nuclear plant. However, due to the non-service nature of 

the unit, ample time will be available for additional tests that 
would serve to maximize information from the examination.

2.0 GENERAL

2.1 STEAM GENERATOR BACKGROUND

The unit to be extensively examined and serve as a test bed 
in this research program is the ’A' steam generator removed from 

service at the Surry 2 pressurized water reactor operated by
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Virginia Electric and Power Company. The Surry 2A generator is 
a 13-tube design Westinghouse Series 51 with 3,383 tubes. Tube 
material is Inconel-600 alloy with a nominal outside diameter of 
0.875 inch (+ .003) and a wall thickness of 0.050 inch (+ .002). 
Design features of the Surry 2A generator include seven drilled 
hole carbon steel support plates of the type with an annulus 
about each tube with flow holes. A portion of the tube length 
extending through the tube sheet has been roll-expanded to 
provide a tight fit. The tube ends have been seal-welded to the 
tube sheet cladding. The tube ends extend approximately 1/4M 
beyond the tube sheet face into the water box. The Surry 2 
nuclear plant initiated operation in early 1973. Secondary side 

water conditioning was initially by sodium phosphate additions. 

In September 1974 the unit was converted to the all volatile 
treatment (AVT) chemistry. The Surry reactors are sited adja­
cent to the James River. Cooling water condensers were tubed 

with 90:10 Cu:Ni alloy and have a history of leakage. A 

significant number of tubes on the hot leg side have been 
compressed where they intersect tube support plates by corrosion 

products. This phenomenon is known as "denting."

Approximately 500 plugs installed in flawed tubes during 
operation will be removed to allow access for re-examination. 

Approximately 250 tubes will remain plugged and will not be 

subject to evaluation in this test. The water box interior 

surfaces will also be de-contaminated so that the background 

radiation level is not greater than approximately 1 R/hour, 

exclusive of shine from the tubes.

2.2 WORK TO BE PROVIDED - CONTRACTOR

The Contractor shall provide services which shall include, 

but not be limited to, the following:
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2.2.1 The preparation of a baseline post-service eddy cur­
rent inspection plan which describes the Contractor's 
policies, practices, and inspection procedures. The 
plan shall include as a minimum: the eddy current
inspection procedures, document control procedure, 

personnel qualification procedure, administration 
procedures for approval of reports, equipment cali­
bration procedures, data analysis procedure, proce­
dure for control and maintenance of equipment, etc., 
necessary to fulfill the requirements of the contract 

specification. The major participating organizations 
and their designated responsibilities and authorities’ 
shall be defined with respect to their function in the 
overall program activities. The plan shall be sub­
mitted to Battelle for approval prior to commencement 
of work on the plant site.

2.2.2 Performance of field post-service eddy current in­
spection of approximately 3,138 tubes over their 
entire length. Battelle reserves the right to reduce 
the number of tubes to be inspected. Each tube will 
be examined twice; once using the single frequency 

technique, and once using the multifrequency tech­

nique (see 3.3.1).

2.2.3 Testing, calibration, and qualification of examina­

tion equipment and procedures prior to commencing the 
inspection program.

2.2.4 Data acquisition, reduction and transcription where 
necessary. ,

2.2.5 Evaluation and interpretation of inspection results.
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2.2.6 Providing qualified supervisory and inspection per­
sonnel .

2.2.7 Upon completion of the inspection, advise Battelle 
during a scheduled interview of the overall status and 
results of the inspection, including the findings and 
method of analysis.

2.2.8 Providing conclusive evidence verifying the iden­
tification and location of all tubes inspected (see 
3.8.4).

2.2.9 Providing the total manpower and equipment necessary 

to perform and evaluate all the inspection and evalu­

ations required by this document in accordance with 

the schedules defined in Paragraph 6.1.

2.2.10 Compliance with cleanliness and health physics re­

quirements established by Battelle.

2.2.11 Providing preliminary and final reports.

2.3 WORK BY OTHERS

Battelle shall provide the following services to the suc­

cessful bidder in support of the inspection activities:

2.3.1 Health physics personnel throughout the inspection 

activity.

2.3.2 Casual labor, scaffolding, clean facilities, change 
room, electrical power, office/storage space, and 

telephone.
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2.3.3 Equipment and personnel to record all inspection data 
in a computerized data acquisition system, in addi­

tion to the data recorded by the Contractor as part of 
a normal steam generator inservice inspection (see 
4.0).

2.3.4 All required safety clothing, respirators, etc.

2.4 DEFINITIONS OF TERMS AND ABBREVIATIONS

2.4.1 Battel 1e - Denotes the organization responsible for 
the Surry Steam Generator Research Program; speci­
fically, Battelle Pacific Northwest Laboratory.

2.4.2 Contractor - The inspecting Agent responsible for 
meeting the requirements of the Technical Specifica­
tion and other terms and conditions of the contract.

2.4.3 Inspection (or Examination) - Denotes the performance 
of an eddy current examination of Inconel-600 tubing 
and shall be in compliance with the Codes, Standards, 

and requirements dictated in Section 2.5 of this work 
statement, as applicable.

2.4.4 Post-Service Inspection - The eddy current examina­

tion performed by the Contractor on the retired-from- 
service radioactive Surry 2A steam generator.

2.4.5 Designated Representative - The primary technical 

contact within Battelle and the Contractor's organi­
zation.

2.4.6 Examiner - Denotes the person performing any nonde­
structive examination.
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2.4.7 Calibration Standard - A calibration device with real

or simulated defects in material, the purpose of which 
is to calibrate examination equipment.

2.5 CODES, STANDARDS AND REGULATIONS

The below listed Codes, Standards and Regulations are part 
of this Technical Specification. Specific Code Editions and 
Addenda, Standards and Regulatory requirements are specified 
where appropriate. The services rendered by the Contractor 
shall be in compliance with the requirements of the following 
Codes, Standards, and Regulations. If any conflicts of require­

ments are noted by the Contractor, each conflict shall be brought 

to the attention of Battelle for resolution.

2.5.1 American Society of Mechanical Engineers (ASME)
Boiler and Pressure Vessel Code, Section XI, Rules for 

Inservice Inspection of Nuclear Power Plant Compon­

ents, Appendix IV, and IffA-2240, 1980 Edition with 

Addenda through Winter 1980.

2.5.2 American Society of Mechanical Engineers (ASME)

Boiler and Pressure Vessel Code, Section V, Article 8, 

Appendix I, Nondestructive Examination.

2.5.3 United States Nuclear Regulatory Commission Regula­

tory Guide 1.83, Inservice Inspection of Pressurized 
Water Reactor Steam Generator Tubes, Revision 1, July 

1975.*

2.5.4 American Society of Nondestructive Testing (ASNT), 
Recommended Practice No. SNT-TC-1A, 1980 Edition, 

Personnel Qualification and Certification in Nonde­

structive Testing.
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♦EXCEPTIONS: (1) Section C.2.f, note 3 - the entire U-bend and

cold leg portions of the tube length shall be examined; and (2) 
Section C.2.6 - equipment required will consist of both Zetec EM- 
3300 and MIZ-12 testers.

2.6 DRAWINGS

The sketches included are furnished to prospective con­
tractors for general reference information only. The sketches 
do not necessarily reflect the current or future configurations 
in every detail.

3.0 DETAILED REQUIREMENTS

The Contractor shall be responsible for performance of the 
post-service inspection described herein.

3.1 EXCEPTIONS

Exceptions to this Technical Specification taken by a 
prospective contractor shall be clearly identified in his pro­
posal, along with justification for the exceptions and proposed 

alternatives for achieving the objective of the requirement. 
Each exception shall be referenced to the corresponding sec- 

tion(s) in this Technical Specification. Unless specific ex­

ceptions are identified in this manner and reflected in any 
resulting contract, the Contractor's full compliance with the 

Technical Specification will be mandatory.

3.2 INSPECTION

The inspection of the steam generator tubing shall be in 

compliance with U.S. Nuclear Regulatory Commission Regulatory 

Guide 1.83. Guidance for the performance of the eddy current 
inspections may be taken from ASME Section XI, 1980 Edition 

through 1980 Winter Addenda.
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3.2.1 Extent of Inspection

Each of the 3,138 tubes in the steam generator will be 
inspected for defects and imperfections over the en­
tire length of the tube. The inspection will be 
carried out primarily from the cold leg side due to 
severe denting at the lowest support plate on the hot 

leg side. The hot leg tubes will also be inspected 
from the hot leg side as far as possible using the 
largest probe that will fit, with 0.610" 0 the small­
est probe used. It is understood that some of the 
tubes will be physically impossible to examine over 
their entire length due to denting, small bend radii, 

etc.

3.3 INSPECTION SYSTEM

The inspection equipment shall be in compliance with Regu­

latory Guide 1.83.

3.3.1 Eddy Current Instruments

The Automation Industries/Zetec EM-3300 single fre­
quency and Zetec MIZ-12 multi-frequency inspection 

systems provided by the Contractor will be used for 

tubing inspection.

3.3.2 Inspection Frequencies

Single frequency and multi-frequency techniques are 
required for this examination. The inspection equip­
ment shall be capable of being calibrated and operated 

using a single test frequency and a differential coil 

probe in accordance with ASME Section V, Article 8, 
Appendix I, Section 1-30, "Calibration." Multi- 

frequency inspection equipment shall be capable of
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being operated utilizing the basic frequency selected 

for the single frequency examination. Other fre­

quencies selected to minimize the effects of para­
meters such as tube supports, copper deposits, tube 

sheets, etc., using a differential coil probe shall 

also be utilized. Equipment for performing an abso­
lute coil technique shall be performed utilizing a 

frequency of 100 kHz.

3.3.3 Probe Pusher/Puller

Battelle will provide a modified Zetec Model 2-D 
pusher/puller including a variable speed D.C. motor 

and a digital display of the probe position, which 
must be used under computer control for this examina­

tion (see 4.0). The Contractor will maintain and 
repair the pusher/puller during the course of the 

examination.

3*3.4 Probes

Battelle will provide all eddy current probes, cable, 

and probe shafts required for the examination. The 
Contractor may supply and use, with Battelle’s spe­

cific approval, any nonstandard or special probe. The 

Contractor will be responsible for changing probes as 
required to complete the examination.

3.3.5 Remote Operations

The inspection is to be performed from outside the 

steam generator containment area, from a remote lab. 

Battelle will provide all electrical connection 

points and also a four-channel communications system 

including headsets and cables. See Figures 1, 2 and 

3 for sketches of the equipment layout.
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3.3.6 Probe Positioning. Fixture

Battelle will provide a Zetec SM-4 pole fixture and 
controls to position the probe at the tubes. Zetec 
tube sheet templates will also be provided and in­
stalled by Battelle prior to the examination for tube 

identification. TV cameras for monitoring operation 
of the probe positioner (SM-4) will also be furnished 
by Battelle (see Figure 1). Any required maintenance 
or repairs on this equipment will be performed by 
Battel 1e.

3.3.7 Recording Equipment

The Contractor will provide the reel-to-reel tape 
recorders and strip chart recorders required for this 

examination. Battelle will provide a Zetec 0.M.3.-1 
and cables to interconnect the recording devices.

3.4 INSTRUMENT CERTIFICATION

All examination instruments which are used for eddy current
examination shall be certified in accordance with the require­

ments of ANSI N45.2 Item 13, and as follows:

3.4.1 The oscillator output frequency(s) to the drive coil 

shall be certified* as of the specified test frequency 

+ 5%.

3.4.2 The vertical and horizontal linearity of the Cathode 

Ray Tube (CRT) display shall be certified* as being 

+10% of deflection input voltage.

3.4.3 The CRT vertical and horizontal trace alignment shall 

be certified* as being parallel to graticule lines +2 

degrees.
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3-4.4 The output voltage from the tape recorder shall be
certified* as being +5% of the input voltage for each 

channel of the tape recorder.

3.4.5 The chart speed from the strip chart recorder shall be 
certified* as being the indicated value +5®.

3.4.6 The amplification in all channels of the eddy current 
instrument shall be certified* as being equal to all 
sensitivity settings +5So.

3.4.7 The two output channels of the eddy current instrument 
shall be certified* as being orthogonal +3 degrees at 
the test frequency.

3.4.8 Certified test reports shall be provided to Battelle 
for each piece of test equipment utilized.

*The performance capability shall meet the minimum requirement of 

10 CFR 50, Appendix B.

3.5 INSPECTION PROCEDURE REQUIREMENTS

All eddy current inspections shall be conducted in accord­
ance with written procedures. All procedures shall be approved 

by Battelle prior to the commencement of work. It is the 
responsibility of the Contractor to comply with all of Bat- 

telle's comments in a satisfactory manner. Each inspection 
procedure shall be approved and signed by the Contractor's SNT- 

TC-1A Level III examiner, and shall contain, as a minimum, the 

items of information listed below:

3.5.1 Tube material, diameter, and wall thickness.
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3.5.2 Size and type of test probe including manufacturer's 

name, part number, and length of probe cable.

3.5.3 Test frequency or frequencies.

3.5.4 Manufacturer, type, and model of eddy current equip­

ment .

3.5.5 Scanning direction and speed during examination (in­
sertion, retraction, or both—from hot leg or cold 

leg).

3.5.6 Description of inspection technique, i.e. , mechanized 
probe drive, remote control fixture, etc.

3.5.7 Description of calibration procedure and calibration 
standards, including multiparameter optimization 

techniques.

3.5.8 Description of data recording equipment and proce­
dures .

3.5.9 Procedure for interpretation of test results, and the 
applicable criteria for reportable indications.

3.5.10 Additional information as necessary to describe the 

examination.

3.6 INSPECTION PERSONNEL QUALIFICATIONS

3.6.1 The Contractor shall furnish necessary inspection and 
supervisory personnel qualified, as a minimum, to the 

requirements and recommendations of the applicable 

Codes, Standards, and Regulations described in Para­
graph 2.5. Individual certifications, including eye
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test results, shall be submitted to Battelle for 
review and approval after the award of the contract 
and prior to start of work. Past experience in eddy 
current examination of steam generators shall be 
submitted for supervisory personnel (Levels II and 

III).

3.6.2 The examiner performing the eddy current inspection 
shall be qualified to at least Level II in accordance 
with SNT-TC-1A. The assistant to the examiner (if 
required) shall be qualified to at least Level I in 

accordance with SNT-TC-1A.

3.6.3 The supervisory personnel shall be qualified to Level
II or III in accordance with SNT-TC-1A.

3.6.4 Evaluation personnel shall be qualified to Level II or
III in accordance with SNT-TC-IA. The evaluation 
personnel shall have had additional training speci­
fically in data evalution arid this must be supported 
by documentation submitted with the certifications 

for approval by Battelle.

3.6.5 All examination personnel are subject to approval by 

Battelle.

3.7 CALIBRATION STANDARDS

Battelle will provide the calibration standards required.

The calibration standards shall be manufactured from tube mate­
rial Inconel Alloy 600. The tube outside diameter is 0.875 inch

nominal, and wall thickness is 0.050 inch nominal. The defect

standards shall contain defect areas as follows:

3.7.1 100% through wall hole 0-067 inch diameter.
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3.7.2 FI a t-bot: or,od hole 5/6*4 inch diameter x 80* through 

from the outer wall surface.

3.7.3 Flat-bottomed hole 7/64 inch diameter x 60< through 
wall from the outer tube wall surface.

3.7.4 Flat-bottomed hole 3/16 inch diameter x 40* through 
wall from the outer tube wall surface.

3.7.5 Four flat-bottomed holes, 3/16 inch diameter, 20% 
through the tube wall from the outer tube wall surface 

spaced 90 degrees apart around the tube circumfer­

ence .

3.7.6 A 360 degree circumferential groove 1/16 inch wide and 

20% through from the inner tube wall surface.

3.7.7 Battelle may provide a dent standard, or other sup­
porting standards, based on current industry prac­

tices and experience.

3.7.8 Each standard shall be identified by a serial number. 

Artificial flaw dimensions shall be measured to the 

nearest 0.003 inch. Flaw dimensions and systems 

response to the flaw shall be part of permanent record 

of the standard.

3.8 RECORDS. EVALUATIONS, ACCEPTANCE CRITERIA AND REPORTS

3.8.1 Records

All test results from this baseline examination are 

proprietary to the U.S. Government. Due to the nature 
of future work on this program, dissemination of the 

test results to any outside parties is expressly 

forbidden.
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3.5.1.1 The eddy current data from all tube Inspections shall 

be recorded on both magnetic tape and strip chart as 

the probe traverses the tubes. The magnetic tapes 

provided shall be good quality polyester based, such 

as AUDliA. L-1800, manufactured by TDK Electronic 
Company, Ltd.., Japan, or equal.

3.8.1.2 The Contractor may make duplicate copies of the mag­

netic tapes for his own use.

3.8.1.3 The Contractor shall have equipment available to 

photograph the memory oscilloscope CRT display of any 

indications selected by Battelle.

3.8.1.4 The inspection data will be concurrently digitized 

and recorded with position information by Battelle 

during the inspection to the maximum extent possible. 

Battelle will provide all equipment and personnel to 

perform this task (see 4.0).

3.8.2 Record Identification

The start of each reel of magnetic tape and its 

companion roll of chart paper shall, as a minimum, 

contain the following information:

3.8.2.1 The identity of "Battelle" (the steam generator 

own er).

3.8.2.2 The steam generator identity.

3.8.2.3 The cate of inspection.

3.8.2.4 The test frequencies (Hz).
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3.8.2.5 Pertinent probe data (manufacturer, model, type,

etc . )

3.8.2.6 Reel number and side.

3.S.2.7 Calibration standard reference number.

to 00 to 00 Operator's name, certification level, and affilia­
tion.

3.8.3 Tube Numbering System

Each tube examined shall be identified on the magnetic 
tape and strip chart in accordance with the tube

numbering system provided by Battelle.

3.8.4 Tube Identity Verification

At periodic intervals (approximately every tenth 
tube), the tube identity will be verified by a member 
of Battelle's staff. Verification of the positive

identification of tube location shall be recorded on
both the magnetic tape and strip charts. In the event

an error is discovered, all data generated since the 

previous verification of location shall be voided in 
an appropriate manner, and any tubes examined since 

the previous verification will be re-examined.

3.8.5 Evaluation

All recorded indications shall be evaluated to deter­
mine the location, type of defect or imperfection, and 

size. All indications resulting from the presence of 

dings, excessive tube chatter, permeability changes, 
and other significant indications shall be recorded

and evaluated. Indications of tube wall penetration
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shall be evaluated and the depth of penetration and 
axial location along the length of the tube be deter­

mined. All suspect indications equal to or greater 

than 20% through the tube wall shall be recorded, 
evaluated, and reported to Battelle. Any indications 
less than 20% that have a high probability of being 

defects shall also be recorded, evaluated and re­
ported to Battelle.

3.8.6 Report

The Contractor shall prepare a report documenting the 

results of the eddy current inspection. Procedures, 
equipment and other pertinent information shall be 
described in sufficient detail to permit comparison 
(duplication) of the inspection(s) for future examin­
ations'. The report shall include a record indicating 
the tube(s) examined, the extent to which each tube 

was examined, the axial location and depth of each 
reported indication, characterization of the flaw, 

and the identification of the operator(s) and data 
evaluator(s) who conducted each examintion or part 

thereof.

All records, including magnetic tapes and strip 

charts, shall become the property of the Government. 
The final report shall be reviewed, approved and 

signed by the cognizant SNT-TC-IA Level III person­
nel .

4.0 COMPUTER DATA ACQUISITION AND CONTROL

Battelle will concurrently record real-time eddy current 

inspection data and probe position in digital form while the 

examination is in progress. This operation is intended to not 

impede the Contractors progress in any way. Battelle will
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control the pusher/puller using a computer terminal. The 
Contractor will be responsible for selecting the tube for 

inspection and recording the analog data. In the event of 
Battelle’s computer system failing, a conventional Zetec 
pusher/puller remote controller is provided so that the Con­
tractor may continue the examination as scheduled.

The real-time X-Y analog signal outputs from the eddy- 
current instrument that are normally recorded on analog tape 
will also be routed to a NEFF A/D subsystem where they will be 
digitized and stored on 6250 bpi tape along with the probe 
position information. This will require tapping into the eddy- 
current instrument signal outputs between the EC instrument and 

the analog tape recorder (see Figure 3). When using the MIZ-12, 

there will be eight analog outputs. These are the X and Y 
components for each of the four frequencies. When using the EM- 

3300, there will be only two analog outputs. These are the X and 
Y components for one frequency.

5.0 SURVEILLANCE

Battelle reserves the right to perform the following type 

of surveillance of the Contractor’s programs and activities as 

they relate to the scope of work of this Technical Specification.

5.1 TECHNICAL SURVEILLANCE

Technical surveillance of the Contractor’s activities at 

the SGEF site will be maintained to monitor compliance with this 
Technical Specification and the Contractor’s ability to support 
the inspection schedule.

6.0 SCHEDULES AND INFORMATION TO BE SUBMITTED

6.1 SCHEDULES

The following schedule defines the desired milestones for
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the conduct of field post-service eddy current inspection of the

Surry 2A steam generator tubing.

6.1.1 Familiarize Battelle personnel with inspection proce­
dures -- within 15 DAC.

6.1.2 Start inspection — between May 15, 1983 and June 30, 
1983. (Exact date is subject to other program con­
straints. )

6.1.3 Complete inspection — no later than 30 days after 
starting.

6.1.4 Complete data evaluation and exit interview — 20 days 
after inspections are completed.

6.1.5 Submittal of ’’Preliminary Report” to Battelle — 
September 1, 1983.

6.1.6 Submittal of "Final Report" to Battelle — November 1, 
1983.

6.2 INFORMATION TO BE SUBMITTED WITH PROPOSAL

The Contractor shall submit the information specified in

the following paragraphs. Failure to submit this information
may be cause for rejection of the proposal.

6.2.1 Exceptions

The Contractor shall provide a description of any 

qualifications, restrictions or exceptions to the 
content of this Technical Specification. For each 

exception, alternative compliance with the objective 

of the requirement being excepted, or justification 

for deletion of the requirements, shall be included.
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Tacit compliance shall be assumed for all require­
ments for which no exceptions are listed. If no 
exceptions are taken, the Contractor shall so state.

6.2.2 Contractor 1s Qua!ifications

The Contractor shall furnish information concerning 
his previous work experience, capabilities and per­

sonnel who will be performing the work.

6.2.2.1 Contractor 1s Experience

Describe experience with single frequency and multi- 
frequency-multiparameter techniques using differen­
tial and absolute coil probes, and list of Westing- 
house Steam Generators on which the Contractor has 

performed an eddy current tube inspection. List the 
percentage (%) of the total number of tubes inspected 

for each steam generator.

6.2.2.2 List any experience in inspecting other steam genera­

tor tubing which may be applicable to the work defined 

herein (particularly supervisory personnel to be as­

signed to this job).

6.2.2.3 Describe the method used to analyze and interpret the 

eddy current examination data.

6.2.2.4 Describe any unique methods the Contractor employs to 
differentiate between signals from tube sheets and 

support plates from tube indications in these areas. 

Discuss how the effect of I.D. roughness, wobble, 
copper deposit, and dents are minimized to enhance 

flaw signals.
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6.2.2.5 Describe any additional inspection techniques that 

the Contractor would perform to aid in the analysis of 
indications or to verify a completed analysis.

6.2.2.6 Capability, to meet the schedules as defined in para­

graph 6.1 of this Technical Specification.

6.2.3 Information about Contractor's Proposed Organization

6.2.3.1 The Contractor shall provide the following informa­
tion for key personnel in the organization who will be 
performing the work. This shall include the super­
visory personnel and those interpreting the data:

Name:
Title:
Position Description:
Education and Training:
Level of Certification:
Other Qualifications:
Total Years Experience:
Summary of Experience (for past 5 years):

6.2.3.2 List the number of personnel and positions that would 

be used to perform this work.

6.2.4 Contractor's Management Plan

The Contractor shall include in his proposal a draft 
Management Plan. That Plan shall describe the per­

sonnel who will be involved in the inspection, their 

responsibilities and level of authority. The Plan 

should list the designated representative who will 

interface with Battelle’s project manager. The Plan 
should include the method for scheduling inspections
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and monitoring progress. The Plan shall include 
provisions for reporting to Battelle on a daily basis 
the progress of inspection.

6.2.5 Additional Support Requirements

The Contractor should submit a list of site require­
ments over and above those listed in paragraph 2.3.2 
for performing the inspection. Provision of these re­
quirements is subject to approval by Battelle.

6.2.6 Comments and Other Information

Provide comments on the scope of work as outlined in 
this Technical Specification and any other additional 

information which the Contractor believes may be 

pertinent to Battelle’s evaluation of his proposal.

6.3 INFORMATION TO BE SUBMITTED AFTER AWARD OF CONTRACT

The following information shall be submitted no later than
twenty-one (21) days after award of contract for Battelle's
review and approval.

6.3.1 Controlled copy(s) of the detailed inspection plan 

for eddy current inspection as defined in paragraph

2.2.1 of this Technical Specification.

6.3.2 Personnel certifications including eye test results 

and resumes.

6.3.3 Schedule and Management Plan including number of 

personnel required, shifts/day and hours per shift, 

quantities and type of equipment to be used, etc.
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7.0 DOCUMENTATION

The Contractor shall be responsible for documenting the 

results of all eddy current inspections, including the evalu­

ation of indications, found during the conduct of the examina­
tion, in a final report. The final report shall be prepared by 
the Contractor as defined in paragraph 3.8.6 of this Technical 
Specification. The Contractor shall also be responsible for 
control and storage of all the data obtained during the inspec­
tion. The original magnetic tapes and strip chart recordings 
shall be turned over to Battelle upon completion of the inspec­

tion.

7.1 DATA CONTROL SYSTEM

All data shall be acquired, recorded, handled, and stored 
according to an approved procedure as described in the Con­

tractor's program.

7.1.1 Data Sheets

The data sheet forms to be used for recording inspec­
tion data shall be included with the procedures.
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TECHNICAL SPECIFICATION 

FOR THE BASELINE EDDY CURRENT INSPECTION OF 

TUBING FROM A RETIRED SURRY STEAM GENERATOR

1.0 SCOPE

This document defines the technical specifications and requirements governing the 

conduct of the baseline post-service eddy current inspection of thin wall tubing in the 

Surry 2A steam generator. The steam generator is a Westinghouse Series 51 which was 

removed from service in 1979 and transported from Gravel Neck, Virginia to the U.S. 

Department of Energy Hanford Reservation in Richland, Washington. Battelle, Pacific 

Northwest Laboratory is under contract with the U.S. Nuclear Regulatory Commission 

to conduct the Surry Steam Generator Group Project. One of the tasks of the program 

is to perform a complete eddy current inspection of the steam generator tubing. At 

Hanford, the steam generator is rhoused and positioned vertically in the Steam
4

Generator Examination Facility (SGEF). The SGEF was constructed specifically for 

nondestructive and destructive examinations of the Surry steam generator. The eddy 

current inspection of the Surry 2A steam generator will be performed at the SGEF. It 

is intended that this post-service inspection will simulate an inspection at an actual 

nuclear plant. However, due to the non-service nature of the unit, ample time will be 

available for additional tests that would serve to maximize information from the 

examination.

2.0 GENERAL

2.1 STEAM GENERATOR BACKGROUND

The- unit to be extensively examined and serve as a test bed in this research program 

is the ‘'A" steam generator removed from service at the Surry Z pressurized water 

reactor operated by the Virginia Electric and Power Company. The Surry 2A generator 

is a U-tube design, Westinghouse Series 51, with 3,388 tubes. Tube material is Inconel 

600 alloy with a nominal outside diameter of 0.875 inch (+ .003) and a wall thickness 

of 0.050 inch +.002). Design features of the Surry 2A generator include seven drilled
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hole carbon steel support plates of the type with an annulus about each tube with flow 
holes. A portion of the tube length extending through the tube sheet has been roll- 

expanded to provide a tight fit. The tube ends have been seal-welded to the tube sheet 

cladding. Tne tube ends extend approximately 1/4” beyond the tube sheet face into the 

water box. The Surry 2 nuclear plant initiated operation in early 1973. Secondary side 

water conditioning was initially by sodium phosphate additions. In September 1974, the 

unit was converted to the all volatile treatment (AVT) chemistry. The Surry reactors 

are sited adjacent to the James River. Cooling water condensors were tubed with 

90:10 Cu:Ni alloy and have a history of leakage. A significant number of tubes on the 

hot leg sice have been compressed where they intersect tube support plates by 

corrosion products. This phenomenon is known as "denting.”

Approximately 500 plugs installed in flawed tubes during operation will be removed to 

allow access for re-examination. Approximately 273 tubes will remain plugged and will 

not be subject to evaluation in this test. Cavities resulting from the plug removal have 

been gaged: 0.795" (20.19 mm) go/0.816" (20.73 mm) no-go. Tubes in Row 1, Columns 

1-9 have had sections removed and cannot be examined full length. Several other tubes 

have had sections of support plate removed. The channel head interior surfaces are 

decontaminated so that the background radiation level*is not greater than approxi­

mately 1 R/hour, including shine from the tubes.

2.2 WORK TO BE PROMDED - CONTRACTOR

The Contractor shall provide services which shall include, but not be limited to, the 

following:

2.2.1 The preparation of a baseline post-service eddy current inspection plan which 

describes the Contractor’s policies, practices, and inspection procedures. The 

plan shall include as a minimum: the eddy current inspection procedures,

document control procedure, personnel qualification procedure, administration 

procedures for approval of reports, equipment calibration procedures, data 

analysis procedure, procedure for control and maintenance of equipment, etc., 

necessary to fulfill the requirements of the contract specification. The major 

participating organizations and their designated responsibilities and authorities 

shall be defined with respect to their function in the overall program activities. 
The plan shall be submitted to Battelle for review and comment prior to
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commencement of work on the plant site.

2.2.2 Performance of field post-service eddy current inspection of approximately

3,000 tubes over their entire length. Each tube will be examined using the 

multifrequency technique (see 3.2.2).

2.2.3 Testing, calibration, and qualifications of examination equipment and pro­

cedures prior to commencing the inspection program.

2.2.4 Data acquisition, reduction and transcription where necessary.

2.2.5 Evaluation and interpretation of inspection results.

2.2.6 Providing qualified supervisory and inspection personnel.

2.2.7 Upon completion of the inspection, advise Battelle during a scheduled interview 

of the overall status and results of the inspection, including the findings and 

methods of analysis.

2.2.8 Providing conclusive evidence verifying the identification and location of all 

tubes inspected (see 3.7.4).

2.2.9 Providing the total manpower and equipment necessary to perform and 

evaluate all the inspection and evaluations required by this document in 

accordance with the schedules defined in Paragraph 6.1.

2.2.10 Compliance with cleanliness and health physics requirements established by 

Battelle.

2.2.11 Providing preliminary and final reports.

2.3 WORK BY OTHERS

Battelle shall provide the following services in support of the inspection activities:

2.3.1 Health physics personnel throughout the inspection activity.
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2.3.2 Casual labor, scaffolding, clean facilities, change room, electrical power, 
office/stcrage space, and telephone.

2.3.3 Equipment and personnel to independently record inspection data during 

scanning from a limited number of tubes directly from the 1C3FA on eight 

channel analog magnetic tape.

2.3.4 All required safety clothing, respirators, etc.

2.3.5 Areas for conducting examinations at the SGEF site and for analysis of 

collected data adjacent to the test site.

2.4 DEFINITIONS OF TERMS AND ABBREVIATIONS

2.4.1 Battelle - Denotes the organization responsible for the (Surry) Steam Generator 

Group Project; specifically, Battelle, Pacific Northwest Laboratory.

2.4.2 Contractor - The inspecting agent (Intercontrole), who is responsible for 

meeting the requirements of the technical specification and other terms and 

conditions of the contract.

2.4.3 Inspection for Examination - Denotes the performance of an eddy current 

examination of Inconel 600 tubing and shall be in compliance with the codes, 

standards, and requirements dictated in Section 2.5 of this work statement, as 

applicable.

2.4.4 Post-Service Inspection - The eddy current examination performed by the 

Contractor on the retired-from-service radioactive Surry 2A steam generator.

2.4.5 Designated Representative - The primary technical contact within Battelle and 

the Contractor's organization.

2.4.6 Examiner - Denotes the person performing any nondestructive examination.

2.4.7 Calibration Standard - A calibration device with real or simulated defects in 
material, the purpose of which is to calibrate examination equipment.
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2.5 CODES, STANDARDS AND REGULATIONS

The below listed codes, standards and regulations are part of this technical specifica­

tion. Specific code editions and addenda, standards and regulatory requirements are 

specified where appropriate. The services rendered by the Contractor shall be in 

compliance with the requirements of the following codes, standards, and regulations. If 

any conflicts of requirements are noted by the Contractor, each conflict shall be 

brought to the attention of Battelle for resolution.

2.5.1 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel 

Code, Section XI, Rules for Inservice Inspection of Nuclear Power Plant 

Components, Appendix IV, and IWA-2240, 1980 Edition with Addenda through 

IVinter 1980.

2.5.2 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel 

Code, Section V, Article 8, Appendix 1, Nondestructive Examination.

2.5.3 United States Nuclear Regulatory Commission Regulatory Guide 1.83, Inservice 

Inspection of Pressurized. Water Reactor Steam Generator Tubes, Revision 1, 

July 1975.

2.5.4 American Society of Nondestructive Testing (ASNT), Recommenced Practice 

No. SNT-TC-1A, 1980 Edition, Personnel Qualification and Certification in 

Nondestructive Testing.

2.6 DRAWINGS

The sketches and data to be furnished to prospective contractors are general reference 

information only. The sketches may not necessarily reflect the current or future 

configurations in every detail.

3.0 DETAILED REQUIREMENTS

The Contractor shall be responsible for performance of the post-service inspection 

described herein.
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3.1 INSPECTION

The inspection of the steam generator tubing shall be in compliance with U.S. Nuclear

Regulatory Commission Regulatory Guide 1.83. Guidance for the performance of the

eddy current inspections may be taken from ASME Section XI, 1980 Edition through

1980 Winter Addenda.

3.1.1 Extent of Inspection. Each of the 3,070 tubes in the steam generator shall be 

inspected for defects and imperfections over the entire length of the tube. The 

inspection will be carried out primarily from the outlet side due to severe 

denting on the inlet side. The inlet side tubes not examined from the outlet 

side will be examined from the inlet side to the maximum extent possible, using 

the largest diameter probe that will pass through obstructed tubes. The 

smallest probe diameter to be used is 0.610 inch. It is understood that some 

of the tubes will be physically impossible to examine over their entire length 

due to denting, small bend radii, etc.

3.2 INSPECTION SYSTEM

The inspection equipment shall be in compliance with Regulatory Guide 1.83.

3.2.1 Eddy Current Instruments. The Intercontrole IC3FA multifrequency digital 

system will be used for the examination. The Intercontrole IC4AN analyzer 

will be used in the analysis of collected eddy current signals.

3.2.2 Inspection Frequencies. Multifrequeney techniques are required for this 

examination. The inspection equipment shall be capable of being calibrated and 

operated using a differential coil probe in accordance with ASME Section V, 

Article 8, Appendix I, Section 1-30, "Calibration.” Multifrequency inspection 

equipment shall be capable of being operated utilizing the basis frequency 

selected for a single frequency examination. Other frequencies selected to 

minimize the effects of parameters such as tube supports, copper deposits, tube 

sheets, etc., using a differential coil probe shall also be utilized.

3.2.3 Probe Pusher-Puller and Positioning Fixtures. Intercontrole will provide finger 

walker and pusher-puller equipment and controls for remote selection and 

scanning of tubes. A readout of the selected position shall be indicated. The 

contractor will maintain and repair the equipment, as required, during the 

course of the examination.
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3.2.*5 Probes. The Contractor will provide all eddy current probes, cable, and probe

shafts required for the examination. The Contractor may supply and use any 

nonstandard or special probe as required to complete the examination. Battelle 

shall be advised of all special probes used.

3.2.5 Remote Operations. The inspection is to be performed from outside the steam 

generator containment area in the truck lock area. The communication system 

will be provided by the Contractor. Battelle will provide all electrical 

connections as required.

3.2.6 Recording Equipment. The Contractor will provide the digital tape recorders 

and strip chart recorders required for this examination.

3.3 INSTRUMENT CERTIFICATION*

All examination instruments which are used for eddy current examination shall be

certified in accordance with the requirements of ANSI N45.2 Item 13, and as follows:

3.8.1 The oscillator output frequencyls) to the drive coil shall be certified as of the 

specified test frequency +596.

3.3.2 The vertical and horizontal linearity of the Cathode Rev Tube (CRT) display 

shall be certified as being ^1096 of deflection input voltage.

3.3.3 The CRT vertical and horizontal trace alignment shall be certified as being 

parallel to graticule lines +2 degrees.

3.3.4 The output voltage from the tape recorder shall be certified as being +5% of 

the input voltage for each channel of the tape recorder.

3.3.5 The chart speed from the strip chart recorder shall be certified as being the 

indicated value

3.3.6 The amplification in all channels of the eddy current instrument shall be 

certified as being equal to all sensitivity settings
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3.3.7 The output channels of the eddy current instrument shall be certified as being 
orthogonal ^3 degrees at the test frequency.

3.3.8 Certified test reports shall be provided to Battelle for each p:ece of test 

equipment utilized.

*
Note: Performance capability of items listed under 3.3 shall meet the minimum

requirement of 10 CFR 50, Appendix B.

3-4 INSPECTION PROCEDURE REQUIREMENTS

All eddy current inspections shall be conducted in accordance with written procedures. 

All procedures shall be approved by Battelle prior to the commencement of work. It 

is the responsibility of the Contractor to comply with all of Battelle’s comments in a 

satisfactory manner. Each inspection procedure shall be approved and signed by the 

Contractor’s SNT-TC-1A Level III examiner, and shall contain as a minimum, the items 

of information listed below:

3;4.1 Tube material, diameter, and wall thickness.

3.4.2 Size and type of test probe including manufacturer’s name, part number, and 

length of probe cable.

3.4.3 Test frequency or frequencies.

3.4.4 Manufacturer, type, and model of eddy current equipment.

3.4.5 Scanning direction and speed during examination (insertion, retraction, or both, 

from hot and cold leg).

3:4.6 Description of inspection technique, (i.e., mechanized probe drive, remote

control fixture, etc.)

3.4.7 Description of calibration procedure and calibration standards, including

multiparameter optimization techniques.
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3.4.8 Description of data recording equipment and procedures.

3.4.9 Procedure for interpretation of test results and the applicable criteria for

reportable indications.

3.4.10 Additional information as necessary to describe the examination.

3.5 INSPECTION PERSONNEL QUALIFICATIONS

3.5.1 The Contractor shall furnish necessary inspection and supervisory personnel

qualified, as a minimum, to the requirements and recommendations of the 

applicable codes, standards, and regulations described in Paragraph 2.5. 

Individual certifications, including eye test results, shall be submitted to

Battelle for review and approval after the award of the contract and prior to 

start of work. Past experience in eddy current examination of steam

generators shall be submitted for supervisory personnel (Levels II and III).

3.5.2 The examiner performing the eddy current inspection shall be qualified to at 

least Level II in accordance with SNT-TC-1A. The assistant to the examiner 

(if required) shall be qualified to at least Level I in accordance with SNT-TC- 

1A.

3.5.3 The supervisory personnel shall be qualified to Level II or III in accordance with 

SNT-TC-1A.

3.5.4 Evaluation personnel shall be qualified to Level n or III in accordance with 

SNT-TC-1A. The evaluation personnel shall have had additional training 

specifically in data evaluation and this must be supported by documentation 

submitted with the certifications for approval by Battelle.

S'.S.S All examination personnel are subject to approval by Battelle.

3.6 CALIBRATION STANDARDS

Battelle will provide the calibration standards required. The calibration standards shall 

be manufactured from tube material Inconel Alloy 600. The tube outside diameter is 

0.875 inch nominal, and wall thickness is 0.050 inch nominal. The defect standards

B-n



Shall contain defect areas as follows:

3.6.1 10090 through wall hole 0.067 inch diameter.

3.6.2 Flat bottomed hole 5/64 inch diameter by 8 0 96 through from the outer 

wall surface.

3.6.3 Flat bottomed hole 7/64 inch diameter by 609£ through wall from the outer 

tube wall surface.

3.6.4 Flat bottom hole 3/16 inch diameter by 40% through wall from the outer tube 

wall surface.

3.6.5 Four flat bottomed holes, 3/16 inch diameter, 2096 through the tube wall from 

the outer tube wall surface spaced 90 degrees apart around the tube 

circumference.

3.6.6 A 360 degree circumferential groove 1/16 inch wide and 2 0 96 through from the 

inner tube wall surface.

3.6.7 The Contractor may provide a dent standard, or other supporting standards, 

based on current industry practices and experience. The Battelle supplied 

standard must be used to establish and verify calibration.

3.6.8 Each standard shall be identified by a serial number. Artificial flaw 

dimensions shall be measured to the nearest 0.003 inch. Flaw dimensions and 

systems response to the flaw shall be part of permanent record of the standard.

3.7 RECORDS, EVALUATIONS, ACCEPTANCE CRITERIA AND REPORTS

3-.7.1 Records. All test results from this baseline examination are proprietary to the 

U.S. Government.

3.7.1.1 The eddy current date from all tube inspections shall be recorded on

magnetic tape as the probe traverses the tubes. The magnetic tapes
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provided shall be good quality polyester-based, such as AUDUA, L- 

1800, manufactured by TDK Electronic Company, Ltd., Japan or 
equal.

3.7.1.2 The Contractor shall have equipment available to photograph the

memory oscilloscope CRT display of any indications selected by 

Battelle.

3.7.2 Record Identification. The start of each reel of magnetic tape shall, as a 

minimum, contain the following information:

3.7.2.1 The identity of "Battelle'1 (the steam generator owner).

3.7.2.2 The steam generator identity.

3.7.2.3 The cate of inspection

3.7.2.4 Reel number and side.

3.7.2.5 Operator's name

3.7.3 Tube Numbering System. Each tube examined shall be identified on the 

magnetic tape in accordance with the tube sheet map provided by Battelle.

3.7.4 Tube Identity Verification. At periodic intervals (approximately each tenth 

tube), the tube identity will be verified by the contractor. Verification of the 

positive identification of tube location shall be recorded on a control sheet. In 

the event an error is discovered, all data generated since the previous 

verification of location shall be voided in an appropriate manner, and any tubes 

examined since the previous verification will be re-examined.

3.7.5 Evaluation. All recorded indications shall be evaluated to determine the 

location, type of defect or imperfection, and size. All indications resulting 

from the presence of dings, excessive tube chatter, permeability changes, 

and other significant indications shall be recorded and evaluated. Indications
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of tube wall penetration shall be evaluated and the depth of penetration and 
axial location along the length of the tube be determined. All suspect 

indications equal to or greater than 2096 through the tube wall shall be 

reported. Any indications less than 2096 that have a high probability of being 

defects shall also be reported.

3.7.6 Report. The Contractor shall prepare a report documenting the results of 

the eddy current inspection. Procedures, equipment and other pertinent 

information shall be described in sufficient detail to permit comparison 

(duplication) of the inspection(s) for future examinations. The report shall 

include a record indicating the tube(s) examined, the extent to which each 

tube was examined, the axial location and depth of each reported indication, 

characterization of the flaw, and the indentification of the operator(s) and 

data evaluatorfs) who conducted each examination or part thereof. Probe 

size and type used shall also be identified.

The final report shall be reviewed, 

approved and signed by the cognizant SNT-TC-IA Level III personnel.

4.0 EXAMINATION DATA ACQUISITION BY BATTELLE

Battelle will concurrently record real-time eddy current inspection data and tube 

identification on analog magnetic tape while the examination is in progress. This 

operation is intended not to impede the Contractor's progress in any way. Battelle 

will obtain eight channels of information directly from the TC3FA eddy current 

instrument. Control and operation of this equipment will be the responsibility of 

Battelle.

5.0 SURVEILLANCE

Battelle reserves the right to perform the following type of surveillance of the 

Contractor's programs and activities as they relate to the scope of work of this 

technical specification.
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5.1 TECHNICAL SURVEILLANCE

Technical surveillance of the Contractor's activities at the SGEF site and data 

•analysis area will be maintained to monitor compliance with this technical specifica­

tion and the Contractor's ability to support the inspection schedule.

6.0 SCHEDULES AND INFORMATION TO BE SUBMITTED

6.1 SCHEDULES

The following schedule defines the desired milestones for the conduct of field post­

service eddy current inspection of the Surry 2A steam generator tubing.

6.1.1 Submit quality program description and familiarize Battelle personnel with 

inspection procedures within 15 days prior to the start of the examination.

6.1.2 Start inspection between October 15, and November 15, 1983. (exact date 

is subject to other prgram constraints)

5.1.3 Complete inspection no later than 60 days after starting.

6.1.4 Complete data evaluation and exit interview 20 days after inspections are 

completed.

6.1.5 Submittal of "Preliminary Report" to Battelle by December 15, 1983.

6.1.6 Submittal of "Final Report" to Battelle by January 30, 1984.

6.2 INFORMATION TO BE SUBMITTED AFTER AWARD OF CONTRACT

The following information shall be submitted no later than twenty-one (21) days after

award of contract.

6.2.1 Controlled copy(s) of the detailed inspection plan for eddy current inspection 

as defined in paragraph 2.2.1 of this technical specification.
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6.2.2 Personnel certifications including eye test results and resumes.

6.2.3 Schedule and Management Plan including number of personnel required, shifts 

per day and hours per shift, quantities and type of equipment to be used, etc.

7.0 DOCUMENTATION

The Contractor shall be responsible for documenting the results of all eddy curent 

inspections, including the evaluation of indications found during the conduct of the 

examination, in a final report. The final report shall be prepared by the Contractor 

as defined in paragraph 3.7.6 of this technical specification. The Contractor shall 

also be responsible for control and storage of all the data during the inspection. The 

original magnetic tapes and strip chart recordings shall be turned over to Battelle 

upon completion of the inspection.

8.0 DECONTAMINATION OF EQUIPMENT

Reusable equipment such as the pusher-puller, remote amplifiers and cables will be 

examined by Battelle radiation monitors and decontaminated, if possible, to allow 

normal handling and shipping. Those components that cannot be decontaminated will 

be temporarily stored or shipped in suitable containers to a site designated by 

Intercontrole. The SGGP will accept storage responsibility only at our designated 

site (i.e., 305B specimen storage facility) at no program cost. The cost of monitoring 

and decontamination will also be borne by the Steam Generator Program. Special 

shipping casks, if required, will be supplied by Intercontrole.
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APPENDIX C

EDDY-CURRENT
CALIBRATION STANDARD SPECIFICATIONS



iVestinghouse 
Electric Corporation

Water Reactor 
Divisions

Specialty Metals Division

RO «4 Box 333
Blaiisville Pennsylvania 15717 
(417l 459 3400

CUSTOMER Zetec Inc. CUSTOMER ORDER NO. 0607 MT It. Nos.1,2

OQ ORDER NUMBER T10-00731 DRAWING NUMBER

TYPE OF MATERIAL WESTRO 600T Seamless Tube Non-Thermally Treated

MATERIAL SPECIFICATION_______________________________________________________________
Item 1 - 0.875’* OD x .050" Avg. Wall x 10 ft. L -20pcs.-NX-1019 

BOX IDENTITY item 2 - 0.750" OD x .043" Av?. Wall x TO ft. L -20 pcs-NX-1748

MECHANICAL PROPERTIES

FLARE TEST - On each end of each tube - Satisfactory.

NON-DESTRUCTIVE TESTS:

ULTRASONIC - Tested to a .500** long axial notch x .040" wide 
.004" deep OD and ID using a bidirectional test for 
axial flaws.

EDDY CURRENT - Tested to an EEM OD hole .03" diameter x .03" 
deep and-a .500" long transverse notch x .040" wide x 
.004" deep OD and ID;: '-

HYDROSTATIC - Tubes have been hydrostatically tested to 3106 
psig minimum.

TENSILE § HARDNESS - Shown at least once by heat and item on 
attached sheet.

CHEMISTRY - Copy of vendor report of chemistry attached.

This is to certify that to the best of our knowledge and belief, and based on 
actual inspection and/or tests, the above described parts are in accordance 
with drawing and/or specifications.

cas
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LOCATION A B C D

PHYSICAL MEASURED 
DEPTH IN % loo% 22%

E T PHASE ANGLE
measurement 3V 73° ?96 /36°
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GROOVE to.
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E4?
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MAT E RIAL ZNcotJS-i. boo________
NOMIMALWALL THICKNESS_^£e_ 
HEAT TREATS /Q/? ' .
TEST FREQ. USED 40O_i<H£ ' Z
SERIAL #-------7..rU£>2> ____ ___ _ .. _

note: ALL OD DEFECTS ARE FLAT 
BOTTOM HOLES

I SECTION 
/f’ S AT A A 
vt^A “SHOWS 
T IOO 7r 

DEFECT

i SECTION AT EE 
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HLb'i'INGHUUSt SPECIALTY METALS DIVISION 
WESTRO ALLOY"6O0T MATERIAL CERTIFICATION

(W) Order Number TIP-00731 Customer Order No. 0607 ^ It:- Nos. 1,2

leat
.mber

THtimate
Strength

PSI

TieTa
Strength

PSI
X

Elong.

:.Rj)ar
nc

vOC-1019 .047 .26 9.00 .001 .18 .28 74.49 L5.74 .24 .008 .005 96,000 
(Item 1

55,000 
.875M 0.

34.0
0

VX-1748 .032 .25 8.75 .001 .19 .27 75.36 15.15 .21 .008 .004 109,000 
(Item 2

59,000 37.0
.750M 0.]>.)

8/

o
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APPENDIX D

RADIATION WORK PROCEDURE



RMHATION MR0TCC7I0K RCCO?»Oi

RADIATION WORK PROCEDURE
BATThLLE-PACIFJC NORTHv-ifc'ST LABORATORIES

PROTECTIVE EQUIPMENT

RADIATION MONITORING REQUIREMENTS

rr-i NO FeRSe**!.
IX I OUTER C1.0THIN*

ft] ONE PAIR COVERALLS

fXl TWO PAIR COVERALLS 
pH WATERPROOF 
I__ I OUTER LAYER

fA} LAB COAT ( 1 )

|71 CANVAS CLOVES ^ ^ ) 

fxl SUR5E0N3 CLOVES 

| | WATERPROOF CLOVES

[~~| WATERPROOF CAONTLtT 

[T1 LEATHER CLOVES

DesCRIPTION OF JOB

Eddy current examination of all unplugged tubes which provide a complete NDT baseline 
of the generators condition as specified in Task H7 of Surry Generator Research Program 
Plan.

LOCATION

Steam Generator, 377 Building Tower, 300 Area

377-2

OTHCRl

SURFACE CONTAMINATION

Beta-Gamma
POTENTIAL: (^J LOW ^3 UCD*UM

RADIATION CONDITIO N S

11-15-82

Beta-Gamma

11-15-83
RcoueiTEo BY Corrosion

Research and Engineering 7H56

1 rem/hr to extremities
(when cover plates removed)

estimated max.. 1QQ mrem/hr to

mCONTINUOUS CONTINUOUS MOHITORINC
I A| MOMITOKINC by rm required until: —

m RELEASE SURVEY ON AREA OR EQUIPMENT REQUIRED

Q3ot«m; rm telephone: 376-4391, 376-3155, 376-5470

and count wnen leavinc zone Qrrotcctivc clotninc to BE SURVEYED PCRIOOICAU.T

ERSONAL SURVEY WHEN LEAVINC ZONE SPECIAL PROTECTION FOR CUTS. ABRASIONS,'IRRITATIONS OR INFECTIONS

B9CRVC0UAL STEPOFF PAO PROCEDURE Q] MASKS TO BE WORN AS REQUIRED BY RM

BSCRVC CENERAL FACILITY RADIATION WORK PROCEDURE \J\ •" Of IIUURT. FLUSH WOUND WITH CLEAN RUNNINC WATER.
NOTIFY RM IMMEDIATELY

Protective equipment requirements may be increased or reduced by Radiation Monitoring 
if radiological conditions change or job conditions warrant. Laboratory coat, 
rubbers and cotton gloves shall be the minimum clothing requirements.
Only the personnel involved in the job shall be permitted in the work area. Other 
personnel shall remain outside the tower area unless approved by RM
Personnel shall work as expeditiously as possible when in the work area to help con­
serve their exposure.
RM shall be given sufficient prior notice before personnel enters tower area to per­
form any work. The researcher responsible for the effort shall keep operations and 
RM informed of the progress being made and prior to making any changes that might 
create a radiological and/or radiation problem.
RM may request the use of sheet plastic and/or other types of material to help prevent
the spread of contamination.

. prior to performing any work under this RUP.

dose rates to personnel have been established.



Rodiation VIork Procedure, 377-2 
Page 2 of 2

SPECIAL INSTRUCTIONS (cont)

6. All radioactive waste shall be handled and disposed of in accordance 
with PNL-MA-8.

7. Welding, burning, grinding or decontaminating contaminated material 
shall require wearing respiratory equipment as specified by the 
Radiation Monitor. Any deviation from this instruction shall require 
RM Management approval.

8. Respiratory equipment shall be worn only by those persons who have 
been satisfactorily mask fitted and have not grown additional facial 
hair since last satisfactory fit. All other personnel shall be 
restricted from the work area during operations requiring respiratory 
protection.

9. Personnel dosimeter shall be worn on that portion of the body which is 
likely to receive the highest radiation dose. Radiation Monitoring may 
request additional dosimetry for personnel to wear when performing 
certain work to assist in evaluating radiation doses being received by 
personnel.

10. SPECIAL ALARA CONSIDERATIONS: RM may recommend additional requirements 
if deemed necessary to help conserve personnel exposure and/or spread 
of contamination.

11. Any change (e.g. - procedure, scope of research, equipment, etc.) which 
may increase the radiological hazards shall be reviewed with the RM 
Supervisor prior to implementation. A new or modified RWP shall be 
issued if considered necessary because of the change.

12. Radioactive water containers and/or laundry bags 6 mrem/hr or greater 
(nay be stored in the tower area. Not more than 6 containers of radio­
active waste and 6 bags of laundry can be stored in the tower area at 
one time.

13. Radioactive waste containers and/or laundry bags <6 mrem/hr may be 
stored inside a metal shed located outside the 377 Building.

14. Personnel are not authorized to work in areas of 5 rem/hr or greater 
to the whole body.

15. A job may be suspended in the event of a contamination spread or if 
recommended by RM.
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SORRY DftTA RECOVERY COfTOTER SYSTEM OPERATORS GUIDE FOR 
THE EDDY CURRENT BASELINE EXAMINATION OF TOE SURRY 2A GENERATOR

James M. McIntyre

Battelle Memorial Institute 
Pacific Northwest Laboratories

June 21, 1983
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INTRODUCTION

This document recommends the procedures that the operators 
of the Surry Data Recovery (SDR) computer system should follow 
during the eddy current (EC) baseline examination of the Surry 2A 
Steam Generator* Zetec, a subcontractor, has been awarded the 
contract to conduct the EC examination of all tubes within the 
generator. They will be responsible for conducting two complete 
examinations of the generator, once using the EH3300 single 
frequency instrument, and once using the MIZ-12 multi-frequency 
instrument. Both of these instruments output analog data that 
they will analyze and, based on their interpretations, report all 
defects found within each tube.

The SDR computer system was developed to digitize and 
archive the EC signals for later digital processing. Since probe 
position information is also being acquired, the probe motion 
control nust be managed with the SDR system. Battelle staff will 
be responsible for the operation of this system. The use of the 
SDR coirmands is documented in the SURRY DATA REOCWERY OPERATIONS 
MANUAL. New commands for controlling the probe will be
documented here. It is assumed that the operator is familiar 
with the use of utilities and hardware devices associated with 
the SDR system (PDP 11/44 computer operating under RSX-11M).

This document will cover the following topics:

1) "Booting" the conputer system
2) Initializing the SDR system
3) Positioning the probe
4) Collecting the data
5) Maintaining the operator's log book
6) Handling system hardware problems.

REBOOTING THE COMPUTER

Normally the computer is operating from the RL02 disk drive 
(DLO). If for some reason the computer "locks up" and needs to 
be re-booted then there are two methods for doing so. Both 
methods require using the system console (DECMOTER III 
terminal).

METHOD 1 (most prefered)

1) Login to the console as follows:
HELLO SYSTEM 
Password> EDDY

2) FUN $SHUTUP
Respond "0" to the "minutes to wait before shutdown" 
prompt.
Respond "Y" to the "proceed to shutdown" prompt. 3

3) When the console prints ">»" type "B DL".
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4) After a few seconds the terminal will start printing out 
the coirmands it is executing from the startup coirmand 
file.

5) Enter date and time when prompted.

6) The startup procedure will continue for a few more 
seconds.

7) Login again (follow step 1).

8) Type "IKS [1,4]RESET".

9) Type "RSET ALL".

10) Type "BYE".

11) The system is now ready.

METHOD 2 (least prefered)

1) Type "carrROL-P" then "H".

2) Perform steps 3-11 for Method 1.

NOTE: Anytime the system is re-booted, the SDR system needs to 
be re-initalized.

INITIALIZING THE SDR SYSTEM

1) Login to the VT100 terminal as follows:
HELLO REALTIME 
Password> EDDY

2) Type "§START".

3) Respond "Y" to the "use nagtape for data collection* 
pronpt.
Hake sure that the tape is mounted on the SI tri-density 
tape drive with the density set at 6250 BPI.

4) Respond "Y" the the "tape initialization" proirpt if the 
tape needs initializing.
NOTE: All tapes are to be labeled with the pre-printed 
labels containing the following information:

STEAM GENERATOR GROUP PROJECT 
TAPE NO DATE:
VOLUME IABEL: ZETEC 
DENSITY: 6250 BPI (9-TRACK)
FORMAT: BUFFIO

The operator must fill out the date field. The tape 
numbers will be pre-printed on the labels.

4) Upon completion of the startup procedure type "SDR".
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5) You are now in the SDR mode. You mist now initilize 
some variables within SDR.

6) From SDR type the following:

LOGIN NAME=ZETEC 
SELECT SCB=INIT

The SCB file contains the following parameters:

LEG=H
INDEX*.02
MODE*D
ICB*INIT
K*'1=0

COL=0
TRAVEL*0
CABLE=426
SPEED=12:36
DEV*TftPE
CALIB=PX0583

Note: the SCB file will load in the ICB file.
The ICB file should contain the following for the 
MIZ-12:

ZETEC MIZ-12
.610 INCHES
T T T T T T T T
X-100K
Y-100K
X-150K
Y-150K
X-200K
Y-200K
X-400K
Y-400K

The ICB file should contain the following for the 
013300:

ZETEC EM3300 
.610 INCHES 
TTFFFFFF 
X-400K 
Y-400K 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED
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Once these parameters are specified, the operator may issue 
a select coirmand to change or add a new parameter. If the 
changes are najor, it is suggested that the operator exit SDR by 
typing CONTROL-Z and then use an editor to edit the appropriate 
ICB or SCB file. Major modifications will normally involve the 
ICB file when the EC instrument type, probe type, and/or 
frequency assignments change. NOTE: Eight channels of data will
normally be used from the MIZ-12 instrument. These channels 
(1-B) will always be in X-Y pairs, one pair per frequency. For 
the EM3300, only channels 1 and 2 will be used as a X-Y pair 
since this is a single frequency instrument.

POSITIONING TOE PROBE

A new function mode has been implemented to make probe 
positioning easier within a tube. This mode, called FUN, is 
easier and better to use than the MPC mode. So what follows is a 
description of the FUN mode coirmands and how to use them. To 
enter the FUN mode, type FUN at an SDR pronpt. The following 
coimands are new available:

"I" move probe in (forward).
"0" move probe out (reverse).
"0" assign 0 location.
"S" stop probe motion.
"1" set probe speed to 1 inch/second.
"2" set probe speed to 12 inches/second.
"3" set probe speed to 36 inches/second.
"Space" display current probe position.

To position the probe within the tube opening, do the 
following:

1) Type 1 to set probe rate to 1 in/sec.

2) Move probe in (I) or out (0).

3) Stop the probe (S).

4) Assign 0 location (0).

Note: the probe motion must be stopped before the probe
direction can change. Once the 0 location is specified, then 
move the probe to the data collection start position by issuing 
the following coirmands:

1) Type 3 to set probe rate to 36 in/sec.

2) Move probe in (I) or out (0).

3) Stop the probe (S).

Note: the probe will automatically stop when a dent is hit or
when the probe has reached the end of its probe cable.
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COLLECTING THE IMA

Nov/ it is time to take the data. Type COHTRQL-Z to exit 
FUN. Upon exiting FUN there will be a prompt asking if the final 
probe position is to be used as the data collection start 
position. Normally the response will be "Y". When the response 
is "Y” then FUN will update the SDR SELECT POSITION parameters. 
Note: Within the FUN mode there is a display of probe position.
This display will be continuously updated during probe motion. 
Upon exiting FUN you should have a SDR prompt. Now enter the 
following to start the actual data collection process:

1) Type “SELECT DATA=filename"
Note: there will be a unique data filename for each
tube inspection. The filename shall consist of Rt4C++* 
where ++ are the tube row/column numbers and * is a 
letter (A-Z) to represent a repeat inspection.

2) Type "SELECT POW=-H-".

3) Type "SELECT OOLUMN=++".

4) Type "C /INIT".

5) Type "C /START".
Note: the probe should now move and the digitized data 
written to magtape.

6) Type "MOM" to monitor the data collection process.

7) When finished hit the "RETURN" key to exit the monitor 
mode then type C /STOP

8) You are now ready to invoke FUN to reposition the probe.

During data collection the probe will automatically move out 
from the start position, through the tubesheet (0), through the 
calibration standard, stop, reverse direction and then move in 
towards the tubesheet but stop at the tip of the probe positioner 
nozzle. Digitized data will only by generated on the outward 
movement of the probe.

During calibration (every 4 hours?) the FUN conmands can be 
used to move the probe in-out of the calibration standard. When 
calibration is complete then the operator will digitize the 
calibration standard as if the standard were an actual tube. The 
operator will use the data file naming convention "c******+" as 
follows:

C stands for calibration,
****** stands for date (062383) and 
+ is a letter (A-Z) to represent a repeat 
calibration for that date.

Once the calibration standard is digitized then the operator will
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exit SDR by typing "CONTROL-Z". Then the operator will run a 
program call SDRPLOT to plot the digitized calibration data and 
compare the results with the analog strip chart recorder output.

When a nag tape is full, the operator must exit SDR by 
typing "COfJTROL-Z" and dismount the tape by issuing a "DMO MIO;" 
coimand. After another tape has been installed on the tape drive 
the operator types "8TAPE". This command file will initialize 
the tape and issue a "MOU MMOs" command.

NOTE: when the SDR mode is exited the probe 0 location must be 
redefined upon re-entry into SDR.

OPERATORS LOG BOOK

For each tube inspection the operator is required to record 
the time, data filename, probe height and comments pertaining to 
the success/failure to examine the tube. In addition, the 
operator needs to record his/her initials, date, tape number, 
instrument type, probe size and inspection leg at the top of each 
page of the operators log. When one or more of these general 
items change, then a new form will be used. Comments should 
include any operator/system errors that were generated.

SYSTEM HARDWARE ERRORS

In the event the system "hangs up", it could be that there 
is a memory contention problem do to the way the programs are 
occupying memory. One thing to try before re-booting the 
computer is to exit SDR and then type "@STOP". The stop coimand 
file will remove all inactive SDR tasks from memory. However, 
active tasks must be aborted and removed by typing "ABO task" and 
"REM task". To display active tasks, type "ACT". Abort all 
active tasks except "MCR.and "...MCR". Now type "@START" to 
re-initialize the SDR system.

In the event of a hardware problem with either the SI 
tri-density tape drive (MHO:) or the RL02 disk drive (DLO:), 
provisions have been made to continue system operation and/or 
data collection using the RM05 disk drive (DRO:). There will be 
two RM05 disk packs available, each with a bootable operating 
system. If MMO: is down but DLO: is operating then mount one 
of the RM05 packs into DRO:. Then issue a "MCU DRO:/OVR" 
coirmand. From SDR issue a "SELECT DEVHDISK" command. New DRO: 
is ready for use. When this disk pack becomes full with data, 
issue a "DMO DRO:" coirmand, remove the pack and mount the other 
disk pack. The full disk pack must be taken to the AVAX computer 
for dumping the data to tape using the SDRCOFY program under the 
account called SURRY {Password EDDY). When the data has been 
copied, all *.DAT files under [300,302] must be deleted. Do not 
re-initialize the RK05 disk packs.

If DLO: is down and MMO: is still operating, mount one of 
the RM05 disk packs in the DRO: disk drive and reboot the 
computer and initialize SDR as you would with the DLO: disk

E-7



Page 6

drive. You must use "B DP" instead of HB BL" to boot the 
conputer. If the tape drive is also down then issue the SDR 
command "SELECT DEV-DISK". Now when the RM05 disk packs become 
full you must halt the computer (RUN $SHUTUP) t swap packs and 
then reboot the computer. Again the full packs must be taken to 
the AVAX computer in order to dump the files to nagtape.

If the computer or the intelligent controller is completely 
inoperable then the inspection must continue by using the manual 
probe control box. This box will have to be wired in by the NDT 
staff. The key switch below the NEFF A/D subsystem will have to 
be in the "manual" position. The data on ZETEC1 s analog tape 
will have to be digitized in the SDR off-line node when the 
conputer or intelligent controller becomes operable.
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APPENDIX F

DEFECT INDICATIONS REFERENCED TO STEAM 
GENERATOR LOCATIONS FOR TEAM X
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OCOOTX!X!X!»X1XIIIXDOTOOTOTOOOTC)COOTCDOCX!X!)030IC^^  -------
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Tubes With O.D. Indications Occurring at the 
Tube End on the Hot Leg Found by Team X
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Through the Wall

Digit = Number of Indications
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Tubes with O.D. Indications Occurring at the First
Support Plate on the Hot Leg Found by Team X
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CXDO00OZX!XDOOOO000O3IC1OO0OOOOOZlO0IOO30OO0000O3>OZCX!I!X!I!XDOOOOCXXDOOOOOa0O0OOC^^

1 5 9
-NOZZLE

13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93
MANWAY-

Tubes with O.D. Indications Occurring at the Third
Support Plate on the Hot Leg Found by Team X
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Tubes with O.D. Indications Occurring at the Fifth
Support Plate on the Hot Leg Found by Team X
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Tubes with O.D. Ind ications O ccurring at the Seventh 
Support Plate on the Hot Leg Found by Team x
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Through the Wall
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• 40% <= x <= 100%
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Tubes with I.D. or O.D. Indications Occurring at the
Seventh Support Plate on the Cold Leg Found by Team X
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Support Plate on the Cold Leg Found by Team X
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Digit = Number of Indications 
€ Indeterminate 
O 0% < - x <20% 

©20%<- x <40%

• 40% < = x <

CCCXDOOOCXDOOOOO 
OOOCCCOOZCOOCOCOOOOOOOO^

OCI!XIIG0CXICID03000OICC3OZX!I!IICXIIICXD0 —
C0CCXW)C)0CXrm!XDCX!XX)003(^^ —

OOOOICKXIXI)O0ZXDO3IIDO£3ZXI!OOZXDO0O0O2O3O03OO0CD
oocoixsfflgxigxLeoocMXDexi^^ CX5OOCCO3D0OCCDIID

COOOOZXMCiDCCC
(imiiooocosoOToooooaoocmrcicmicxDocmDs^ocooooOT^^

00T0000000Tjrr330O00003j00303]0(T00T)00o0O3ICCXKI!XI)GOO33OOCIDO
CD03CD3OCX!jOtIXIX]I!XDIXDOOOOO3C£DCOOClOCC)OZX!]CXKKOLlXIX33^^

<I)OOCOSSIOZXIXICXIOlA!XlXlCOOCCCX!XIXI)CXIXW>ZllAlii4lA!A!^i)OIXLXIiIXIX^
(!XIOCGX!i3000O0GX!XIX!gX!)0OOG)PZlCg30G0OGO3)0OOO00OGPS0O!!X!XI)OGOroX!)0000GGOO----------

100% COIIOiIl^XKCXUlJClICCXDC!l!XLJlLiIXIiDCXDC)ii0iCXDCC£D(LiZi^^ ------
OOOCCXPC3OJ0O0OOGX!XIG)OO0OO(I)0O0GS0OZCOOZXSOOOGG)C0S(!XD00OOJXIXIX5OOOOCI!O3C^ —

CO10iIiIfflSJX!X!XIXLX!XIlOOCOSII0O0O003IXDOZlOOO0JOXtLtIXLCiZX!iIi^^ —
cXXZXIXDgXIglCDCCXSSOgXSCXMCOSSOOOCXriZiOJgilxrcO^ 

'!)CXIX!j!XlOI)t!X!OC5IgXryDOOOgXDQIX!X!XX!)30IPICX!IO3O03I)CDOgK^^
i3IOCOCX!XaD00CXDIIICr^^

•ItlXItXLiICiI*ICiI)COCiItDCXIXIXI)03CCCXlXI)CXIX!XIXIOIIOICX!XDCO(^^ ----------
<IOICX!XIC)OZX!I!KXDCXIIIXZXDOOOCXIXIIO3Cffl0CXDCiICCX!IDOOOOT ----------
gOGOC!XroQQOQfflOU!)SSGaffl(I)OOO3QQBOOffliD0(!XIfflai)OGQ(ISI)CLCC>^^ -------

0OOOOeyiX!IIX!XD00OOOIPIlO0OGX!aaS000gXrOC5OZOm0OOGXIX!Xai)G0CT00OmX!XD0OOGg^^ —
COIXDQJXIXltltli^JCOIZCXrCOIlCQCXlXIXIlIxLCXXlCCX^^ —

irCXDOOOSCXIlCOOOCCXKarOOOCXDCIXimDOOOCJSKXSOOaimKXa^CJOOOOO^SCXDJm^ —
COOO33CXIIDO3)OO030[3ICXXIXrCXZI!XDO2X!I!I!roO03Oim!X!)O0I)O0CXD^^ -

tIXIXIXD0IlZ)0C!XSCiZ)0ffl0OCP00Ll)0fflfflCC)CM0O0OQ]CCDCDS00OZ>!X!lglIi!I)0I^^ —
O0ZXKXIXDCX!X!X!XDCI0CXDCXIXII0OC)0CX!X52XDOCX!X!XIXIXWXKXIXIX!XIX1)CO^  

(IOraOOOOO0OOOO0OO0O3G0OC)0OCCmimDCCmDOO!l!XI)OO3CXaiXDOOOOt^^ 
Q3>OI]OQOIC)OSOI)OQOGC!X?XIDSSfflCXIX!X!XIIOSSOfflCjGXD3^^ircoccoozx O0COOOD0OOOCCO0O000OO0O0OOOO00OO3OOOO0OOCO30O00OOCIDCO00OO3CCCOOO00

OTOCaDOOO2XICO3CXroC)0CI!XimiX!X!)COO3OOCXDOCm!X!X!X!XIX!XD(^^ 
(KDOO3OOOOO03COOOC

•45

-43

-4 ] 

■39 

•37 

-35 

-33 

-31 

•29 

-27 

■25 

-23 

■21 
-19 

-17 

-15 

-13 

-1 1
iI]l3Zg)fl30eXI)GeXI)g000Q[!!X!X!X3GeXD0CT0CTCT30CIXZX!XIC^^ -
CCXDZ)CXIIOI)C!X!X!XI)CX!XI)QZ)QOC)01£*I]OI>IICXIX3^^ —
(3CO50C0ZXDJX!X,XIX!mi)OCCXZXWX!X!X!)O0CX!X!XDOCO033O3X®3CX!XD3S3^^ -
(rC©DCCXD(!m!X!IDCCCX!)OOOQI00OOCX!EI5CXa!X!XIOOGmn!Jr^^ — 9
OC!XIOCXDOOSQ3C60ZiZXSOfl[ZCllffl6GCXIXDOOCIZXI)OQ3QI^^

CXIXDO3CCIXIXlXIXLCKKCCiCXl)O2C)®IOCC)CX!XIXIXIXIi00(!XII00&2^^ — 7
CmrOCmDOOCXD3OOOO!DOTOCC)OC)OOOCmD0CXDCXlXI)O0OT3OOOO0O3OO3OOOO3^^
<IXIXDSO0I)0000GXIPOZ10O0CCXIlfflffl0fflGO0CG0O[l!XIXIlOCTCTO0SOfflOOOO3OO(I10GGO[I)0ICGiOfflffl00OZlZXI)0Offlro — 5
CCX!X!X!X!X!jCX!X!XxI33CXjCJCXLi1iC!)CX^ X!JOgXIiLX33?XaiX!XDCXIXlJuGXxXjCXDOOOZ^^

3(XXX!XXyiXDG®QZK!XIXX£XXXDX££XXXIKXXjDZ£/I^^

t^rnrr)crTrrtrrrrn7rrrrcrirrirrrrrirr£srrrrtrrrTfTrr^^ - 1

1 5 9

-NOZZLE

13 17 21 29 33 37 49 53 57 61 65 69 73 77 39 93

MANWAY-

Tubes with O.D. Indications Occurring at the Fourth
Support Plate on the Cold Leg Found by Team X



Tubes with O.D. Ind ications O ccurring at the Third 
Support Plate on the Cold Leg Found by Team X
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Fill = Percentage Depth 
Through the Wall

Digit = Number of Indications 

t> Indeterminate 

O 0% < — x <20%

© 20% < = x <40%
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Tubes With I.D. Indications Occurring at the Tube 
Sheet Crevice on the Hot Leg Found by Team Y
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G
-3

Color=Percentage Depth 
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Indications

• 0% <= x < 20%
20% <= x < 40%

• 40% <= x <= 100% ■ -
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Fill = Percentage Depth 
Through the Wall

Digit = Number of Indications 
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©20%<= x <40%
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Fill - percentage Depth 
Through the Wall

Digit = Number of Indications 

O 0% < = x <20%

« 20% <= x <40%

• 40% < = x < = 100%

cooixDecxrioccoooCDQC!Xj3011C-0Z3CXJ^^
cxicxlccc DCCXDO

O0OTOOOOOOOT3O0OCX!X!X!X!X5OOCX!X!)CXD^^ --------
OOCJXDCXIXIXDOO0OIXIX3D0OCD0OOO00OSO30O3CDOOCXDOOO

OOOOO032X[XIX!X!XIlOZ)OZII3ZEtICXII!)OIXIXD0ZlICCOJXrO(KOOCCC)
CCOC!XTID33CD300CmiCXim^X!XD030C^^ --------

CII)30OCXD0OOT30O000O32XIXD3000O3O3X!X]XXIX!X!X!I!X!XIX!X!X!XI)0CCXIXD00O--------
OIOIOOO0OO3OI0OOO0OIOZXIII)OGCXII!)O3I)O00O3OICDOO0G0OOIC)O00OO —0TCjt;03O30OOO3030Q00003tO030C^^ —

CCCXZXD3XIX!X!X!XIXI)O3ZI!X!XX!XD0ODSCX!I!X!XIXIXII3OOTO3XD00CXIIIXIX!X!XIl00O3CXIXIXDCX!XIXD0 • 
a!x!XTXIC]0rTjj0C00000300CC0O3xiccoooocDi)Oiawa!m

CX!X!XDOOI)Q3IgX!XDOC!iIiIiJ0000O0J>ljG00Q0OOII02XD0QCDOCDGj^^ ------
COOOOCI)OOICX!X3CX!X!XI)GZX!XIXI)CXD(IX!XXXX!XX!0?X!^^ -----
OOOOOC!K)O3CCCOOO33ZXIXIXDO0OZXIXIXDZ10OOCX!XIIDOIXD0CD0O33(DOOOO3XrCClOOO0ICCC)O3

C3Il0ZXD0OO3O33IIDOOOOOT3OI)OI)O!iaD0OI)OOOOICXD0OOOO0OIOOOOOOOOI^
QCX!XIXDQOCXIXIXDZXI>CDIIQgX!XIXIXIXDQOCXI)0(IX?^ —

CQ3!3TCCCX!X!lI033!lXDG001CXIIIgXDC!XDQC!XDOI)tII!I!XDC^ —
CXDO0Z)0Z)OOOOOOS3IX!X31(!XI)CXD030OOOOOOICX!XIXDOCXIXDOZ)OO0OOO332XDOOO0CX!X!XDO0OIlOO33^ 
03QXCDCXLXSQCCOOIXDIXD0S0OSZilffl(!XDQZ)0I)O3O0OS3S303OO3OOOQSSOQC!OZX!XDZ^

•45 

-43 

•41 

-39 

-3? 

-35 

-33 

-31 

-29 

-27 

-25 

-23 

-21 

-19 

-17 

■15 

•13 

-11
0333CmWXIXIXDC£XDCIXDCXZXWXIXDJ0!IC003ZXDCX!XDCI]^^ -,T0©Z)C00000003(DJsC)000®003eX!X30003E00000002E^^ — 9
'II0CC>Cra!XDG00ie00000000OT00000303CXX0003030^^

COIQIKlXDCDCXIXDCXIXDCXIXIXIJQCX^XIXIXlXXCXIXIjrcJOT — 7
OXXDSGZXXyi&Z)U3®SO&!XXXD3IXXX!XIXXXXXXXDZXDZXD3DZ^^
!lrWm3OTOT3CIWX!XrCXIXIXI£D3ZO3D2X!X!X!ir0OC!XIXr)CO2^^ - 50200QQ20Q^TXT)020200Q00Q200Q0000T)0T000QQJT0020TJ000030frjJJ0000QTJ^
CX!X!XIXDO!X!X!XlX!X!X!X!X!X!X!X5CX]XLiOKXIX!XIICX!XIX!)03ICXDOOCXDOZXIX!XD2X!^^  — 3
OO333OOTOOT3OTTCXD3imDOTKX9OOO33OTO3O3O0O3KDO33XD3OI^^
;J^aimiXI)033ZXim!XD3O0^XIIIIIX!XDOO3Zra3ICCXIXDCrX^ - 1

CiICXI)0333000Q3CrD300C!)eXI)0CXDI)CXD3QCD(I^  ̂ -----------------
QCXDC!XI)CIXZXDZXDOOOZCCCOO[!X!3OOZX!!OSOOC!X!XLCCXSGJCj0Z)O(ZX!XIlIXI)OCX!XIlCX^ ----------------
QO00rr100033000T)QT1T100000QTso3000OOO0O3O02XI10O3O3000000OCD3OOO00OOIC)OO0I)^^ ----------

0G1)00SCXD0I)00G00TC03D00®02X!XD®0CI^^ ---------------
QIjQ0CXIlCX!XDIX!XDQ31CICCX!3Q0CD0C!XIXI)iliIX!X!XI)CXr)003SCD0GC!X!XD^ ----------

(IOOCXDCmDO0OCXr)OOCmiXDC)OCDOOOOT0C)CX!X3OO3K!X!XX5OO(!XrmDOCX!)OJ^^ ----------
00OOOO0O2XD0OOO0O2rDIlOO0O0ZnX!l!JDIXDCXIXDaOI)O3X!I!XDO0OICCX!XDOOOOIO!XD0C^^ ----------

C«DIO0O3GOIPIgXgDO0gXDOO00OOCOmil0O0O0OSO30ai3GOOJ0IX!)0OO0OOmasO0GCT0IO00Ga ----------
CXXIXIXIXDCXDCXDCXICXIJCXIXIXIXIXIXIXDCXDQOGOSQC^ ------

OySZXD&&Il&!XXXXX!XXXXD33XXDtD&!XIXD?XD®&RDZ!(!XD?^  ̂ —
(II!X!I!3OOO0C!XB2Xg50000C!XIID33!XIgX!XD00S0O0eCTOaCOtimiCGg^^ —

O03ICXD0I10OO3OOTZCXISOIO2XDOOOOG3OT33OOO0CCX!XDOI)OOOOO0OOOaiD03XDICX!^^  -----
XXXX!yDZXXXIXIX!JD?XD?XD?XIXIXD3DD?X3D?XD333D?^^ —
OO3(MXD0OOOO3OI)O00OO!ICC00(IOOCOICX!XIXIX!XZ)O00IXDSO0O3OOC0OO0O0OS0OOOOOO3XDZCX!XDCX!XDO3OZX!XDC!XIDOOO3OOOO -----

iiriCD3ZIIIIJaDCIIICaDIIW)O0IirOTOC!X!lITCO3IDOO[DCr^  ̂ -
G0000000COC00OQI DOODOO

rrrtti ininiipppi
1 5 9
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MANWAY-

Tubes with O.D. or I.D. Indications Occurring at the
Fifth Support Plate on the Hot Leg Found by Team Y



Fill =  Percentage Depth 
Through the Wall

Digit =  Number of Indications
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Tubes with O.D. Ind ications O ccurring a t the Sixth 
S upport Plate on the Hot Leg Found by Team Y



Fill = Percentage Depth 
Through the Wall

Digit =  Number of Indications
o  0%  <  =  x  <20%
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Tubes with O.D. or I.D. Indications Occurring at the 
Seventh S upport Plate on the Hot Leg Found by Team



Percentage Depth 
Through the Wall
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Tubes with O.D. Indications Occurring 
in the U —Bend Found by Team Y



G
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Fill = Percentage Depth 
Through the Wall

Digit = Number of Indications
O 0% < = x <20%
© 20% < = x <40%

cxwxDooocxrcooo
CX!XDCIII)CXDgXI)CX30Zi^^

CXX!XI03CCCCX33I)CXICXDQIX^^ —
(TXIXrmi)0®0£OTI)©03^^ —

OOO3OZCJOO0OZaCXrCXDm00O00O3OO05^^ 
OQ0002QT)jx!XrCIIX!lIIIIDf7IX!XICIIXDO2IIDOZC)O333C^^rtTiTiTiTiTrTrri^rrTYTi^yriTr^rTrTt^rr»rr^riT»Tirr»Ttr|TiT|TiTiTrTYTyTiTtriT|TTTrTirTTTrTi,TCOOOOCCOO30OOOO0I)OOIO0OOZnCIDZXDO0C)0ZC^^ 

eXOT0OOTSCI!)OOOO2m!Ximr)0O0OO0O0OOOOOO3!IXDOCXDCX!X^^
CO33II!X!)O0000O0OO0O3IIfflIIIIDICCCtDO3O0IXDOG0I)O3!X!XIO30!^^

COO03ITO30CQT03CjrQ30031300OTOg3)QTCCj^^
0033303OTZC)OOC!XDODD3C!XDroOOT202XDCl!Xrir0300J^^ --------

OOO3332m3XDO3r0ZCXICiroOZXZXrOO3O0aO3O3OOOOOOO0OOOIK^  ̂ --------
• 40% < = X < = 100% CO0GXimiIICTX!ggXD3035!gmD33303D3)^^ ------

0Q003O3ITaOT)03m3Z)330000T033O300rT|^^ ------------

CTOOOirt!ID3CXDOOI>ZCII!CII)000GGXD3ZXIIO3ZXDOCX!XrfflOS3G0O03lCOIIOCDGO0ZXIXDC!XI)OZ)GC0C(D —
'imTOoiiiiitwmasjxawCTcoixjosoooiioziztw^ -

0COIOTIC)0CDOTXIXOTICC03£r!X!X!XI)0303G!X!l^^

OGCIXI0CGgG0I0ZlIO2XWX!gO0ai)0OOTCOCrmD0O3ZggX3I)GOOO0II^^ —
(DOICCCaD^3OO3CCCO3iZrjCXD30ZirO3ZOICX!IDira®OOO3CC^  ̂

iDOCO3ZXD3OT0OIO3CCXUrCl!X!Xr0OTim!XDOICOOIlOZClCOOOC!X!l!I^^
(I)O33xrOCDOTI)O0ZI3ZIICCTrCCCCO21I)0OO00O3C!CI!mitICII0OOOOOCmD0OOC^^ ------

f!XDIX!Xr)003IX!XDC!XD000OT0I0I)02CCXD00C^^ ------
roicooriixiiiiicoioiO^OOTOO^cccco^oo^co:^^ —'5ZXDO(D3mXCXim33O3mD3OO3X!mDO3OOO3OTO00OOCO00OIX!XI)C)O3O3GOOO33OCOOOOOOOCm!)C^^ —(TXr)0330TCITxrxOT3TOTX30T1OT0O00TCI3TXIXr10O0303T07^^ -

OWXWEX!I!CXIX!)O3WX!X!XD30O3lI)0imiXD3ZKDItDII!IWXZmir^^ -
rTi£X!X!X!X!XIXIXIX!XIQ3CXIX!X!XIX!XD(IX!X!XIXIX!XIX!XD00CX^  

CTX^!X!XOT!DO3mSICXDOOOOZO3Z]CX!XDIOZX!X!X!X9SOO2miCXD3OO0OJm!X!XD(a^^ 
iiicoc!iDO3i3cccxix[xix!XDOO0iccirxro3iaroooo32xrroo0000O^

45

43

41

39

37

35

33

31

29

27
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21

19

17

15':XIXIilCD30a®G302XD3I033OT0030003CII003IX^^
IOTCXD©(DICmi<!Xrm!X!)00330C)OTXI)0000®0300OT3^^ —
<IXIffO3Ig)OQ33IO3O2g)P3Oiri]OQOO3PZXDOOCg0OmX^^ -----13i]DG33CID03nrCCCX!X!XD00000III)-TXD0000ra -

'IQIOZX!I!XD0O3ZI!X!I!X?XD0(IgC)33C!X!g)00CI£D0C^^ —1 1
irCCX9(IX!XOT!I)00030OTOCX!XD0OT®0CXD0IX!)000(IXDQ0CE>OT0OT —
(T)0OTljXTXrffl3000TX:iTCxi)0OOZOICXDICI3O3030OO00OO0O000COOI^ — 9
iIC03O0O3OOO2XgrtDOOOO3C0I)OeOO03JCgIlIIIGg)O03SOa30CI!OIgm^

JXDOCXIKD303CXDOZIIOOT3OCX!XW)CX!XKXICXDOTOCX3CXDOT3I^^ 7
Z)3CaraO3OTO033OTOTO(!XD3KXIX!)OOOOO3O32)O3OOOOZXim!XD0CmDOO0O^
(;!XD3TOC00OTIO3miCCCC)0333000©003aS003©0©33^ - 5
02CXD^XWIWXWXD333333CCIICXlCC)O3ICIWI!)O!!m3r!)O^
IOZet!X?im3CXDCCXKl!XWl!)03O3X!XDCXDOT333JX!X!X!CX!Xia!XDaxr^  ̂ - 3
2X30Or?OOT3OOCX5IOOTOa!XD0IX!XD3OOOO3OTO0OOOTOO3O30O3O3O3OTXDO3^^
(XriC0^3CD03033CaDO^OIIOZirOIOZtD003CiIOI)CI!XIX^IOOTI)OICX^^ - 1

1 5
-NOZZLE

13 17 21 25 29 33 37 41 53 57 61 65 69 73 77 81 89 93
MANWAY-

Tubes with I.D. or O.D. Indications Occurring at the
Seventh Support Plate on the Cold Leg Found by Team Y



Percentage Depth
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Tubes with O.D. o r I.D. Ind ications Occurring a t the 
Sixth S upport Plate on the Cold Leg Found by Team



6-13

Fill = Percentage Depth 
Through the Wall

Digit = Number of Indications

O3O0O3C)O3C)OCXDO
HD ■

OCD3XIXD030aDa!)0033XD0030OTX^

O 0% < = 
o 20% < = 
• 40% < =

<20%
<40%

< = 100%

CTCIXIKDJ0IOIgXICX!XDOC0O3GXIXDG0GXII!XDOOIG00OgX!X!GIO
GOIOZXZXIXIlOOJOO3II)CXIXIXIOJOCJ0OIXIXDJXIC)OICOIO3XIXItIXIXDI)

COIOOC!XD3)CDOCXI1CDCX?XD3ICXIX!]CXDlIX!COI^^ —CO3ZlI)OOTK!X!miX!X!XD3OT3O0OZXDraO3CX^ -
O3IO0O0O03XDOI)OTIO3ICXDICIIX!ID2KIlIXDICX3DOOOOICC00O2C)CO3OOOOO 

(HZXDOZXIICXDCDgXPClOCHDQZXniiZXnjXIiI^^ IX!lD(DgX!XDCXIXDCX!X^ -----
<IX!Xy3&ZtZ£X!XIXDZ>Zi33I!&Z)CXXXIXSQIXD3!XX!GXD(DZlX]GZJS^ —

O3ID0GX!XH!X!XDCOICCXHICX!X!XD0O3COGXI)OOO(!I!)CO0C!XD0OO0O3CCXDO0OGGX!XD0000Ot!IDO — 
000000Tj300000300TjT)0O300OJGCOIO!IXiCl!!XDSCX!X!X!)00IOOTOCD000COIXDOII^^ 
OC3GOuIDO[!XDgX!XDJXIGXD33TgXDCXDCC]CXDS33[DOgX!XD>ZXD3(!>3Ci0OC!XDO(^^
CXI>3GO30IJ30OOIXIIZID30OO30O2X!XHI!OO33OO0CCCXIJD0Z)O3O3OOOCXIXDOCHDCK!JIC1O0C!ID0O —

'IXDC!XD0QIO3)OIXIOICOIGOCOZXIX5G0OO33IXIgXI)GgiIiOX!XD0O0O00Z10ZXS00000ZOII0ffl0(D^^ —
cDCXHHIXDOOOCXrOIlCXHDOOCOOIiIiIiIiIOZJSCXDCOOCCXIXDOZlOOIOSZlOil^^ 

QCCOIII)CCiSOO02£DOOZtDCDCH!XZjZCXD2[X!XDZIZ)CxIiZOOZX!XDI)COZ)CX!^^
(DO3O0O3OZKDOO2X!IIIDO3CXIOD2XD30OOO0ZXIIIOI)0OOO3CO00CX! tXJD^XIXD^XDZiDII!XDcXDZJ^XXDZXIJD33^
CQOZXD0SD0Q0S0CDZOOQ0SOS0ZKO3XDO3JO33XDGOOC!XDOO3IO3OIgXDZiItDO0OO0300O3OO303CXD3O^ • 

O!XD3ZID0ZXDSIC003ICraCXD03333OT^ XDCIDZlCXDZiHDCXLiICXICtDCIlJallOT^ —
COIKHH!XDOIXI3OI)CDSZiIiIPO0OOCD3CXDCDOGO3tH!XICXIXIXDSOCDDO0OOCXDC)C3C^^ —

OTXDI)032IIXDICXDOT3030®0!ICKDCX!CI3IXD3000C[EID®31II©  ̂ —
0O01gXDC!X!XHDCOOOOZXDaSOLDJXDaiClIgIDZgXD33ClI!CIHHDCtDgXDSg^^ 

CXDOOI)O3CmDOOK]X!)C03CXDOTOZIWX!)OO2X!)O0O303O0OO3O3O3333CO3C^^ 
,TX!XD00O3JOIX[aiClIC)0CHQ0OOOICCCClIXD3COia5imiO3OCCC^

00T000000T03XDOO0O2irCffi0O0CCOCI!lDOOOCIXDimiIII(!XrCCO(DO000OO0OIOO000OOt^  ̂ ----------
'!XIXDtIXIXI03CCCOJX!®OOOSSS03CX!CCXIXI)CX!X!X!X!CCXDIX!XD(DCCXDCOSCXH^^ -----

(IO03IXIXIXI)0600OT000302XIXDC)0OT03©IXDQ3CXDCXD®0®0000ZXD^^ -----
eeoaHD033irDC00O00OGX!GXIgCTIII3OJXDO0GOOOZXZ]gffl0000O[IXIlO0eOGOfflI0WlIl!gXIOO  ̂ —

ICQOIiO!m3HJirrO3O3giOIID3XDHIGmGII)a03O03II]OIXIgm -----15

-45

-43

-41

-39

-37

-35

-33

-31

-29

-27

-25

-23

-21

-19

-17

OC003P3S00330S00003P3ZgX!m30033g00003m!XD^^ 
0Xim3gO(I)OOO3Iga3SOCTtIfflCDgO3OOgO33iai1GOmm?gg^^ 

iZIICiICCXD3O0O0ZXIII)OO!D0O2ID2X!XD3OO0CCCXD3C!JI)00ZXItDO3O0OCD3IlIIIXD00CITCI
•13

CO3XIXDOCD0OTOOTIDOC HHDCCCO -
0ICXIXIIICtDOZi30I)O2XDCCICClOCXD2XDCiOOCDCDCXDOOOOOCD2XlIl]CXD^ —1 1
OC)O3O3X!XDOT0O3OOTOOCKXDO3O0CX!XI)OC!X1XIXDO33COIIO3O3OCX!XIXDOO(!X!X930C^  ̂ -
(I033a30g03SgmD03WCfflZXIgXIgX5033imi)OZmD33300gXD3^^ —
00O3icoTO003mTXDCOZXD3OTXr]00OO03I1330OOOCD3OIOO000O3O0OOIOICCO0O0C^^

OCCO3COCX!X!X!XD3OO3CX!XIJZ)O03C>OTOCIXICXDZI!XDO333C1XIXIXDOTOOTOT30CX!^^ —
(imimD0OTCD0ZmiXimD33D3[D0OTCxnD33©OT0030OTZ^
iDO3O2XHDOO0O3tIIZXIXD0®!XDO3003X!IH!X!XIXD3IKDOOOOOO3O0IXDOOO3OIX!X!XHI)0O3OZXDOO000ZXD0O®OOOZI^  ̂ —|TJ3QTJ^Q3Q3000TITXIJTJTQ00020TJIJQ0TJQ0T)000020QT)00^^^
'3O3ODCX!X!X!XDOOCtDCOI)CD3OO2XIX!XXI)OSOOC!XD30OOCXDZX5OCXDI)OOCXICXIXI)CX!^  ̂ —
(D2X!Cmimi)O30a!X!)O0O!D32OTIX!m5O3ZXDZmDOO2mD30O3O0O3OOOCmi)0O^
^!XHHDDCCC03XD3^DC03XDDO^IICCXIX!I!COH!X!IDOCXHDCTO!XHD^IX!IH!X!XD03^^ -

89 93
MANWAY-

Tubes with O.D. Indications Occurring at the Fifth
Support Plate on the Cold Leg Found by Team Y



6-14

Fill = Percentage Depth 
Through the Wall

Digit = Number of Indications 

O 0% < = x <20%
© 20% < = x <40%
• 40% < — x < = 100%

CXXXD^CEHQCCCe^^
OOOOC!XI)CXI)O>DZX!j0OO(IO0O0CGCI)(LCjC!X!X!XIiO 

COOOTXDSeXTOQOTCQCJOO©^^
O0O0OO3XIX!Xr)O0OIOO30O000O0OO0O0OO3OOOOOCC)O --------03100Q2[TjTj000fr)0[Tji|TjiQ2j00000Q300000frQT]300Q00QT00-------

(IX?XD(ZXIXIieX!Xll?XSCXD(IXIil01CgIZXIlZ)(I)C!XI)^^ 
CmOTOOC)OOTSOOCXrX!)O0OOOaDCX!X!tDO0CXDCX!)OO2OC^^ 

CI!IEOO00OOOTOO0O30OZX
OOOCCXIXIDOIIOOCXIIICCK

IXIIIXDgGIIElCiGXIlOOGK^^
30jolIXDCCX!CC)OC!XIC)OCCZ!XDOOOOOO3^XI)O^ •

OOOOCOOCX!XIXDCXIX!XICX!X!XIIOOO0OC!XKXDCIXDO0C)OCXDCX!X!XDIXKD3CCXIXIXIXIIl!O02X!X!XZXIXOT — 
OGXIXD3O3I10O0O0O332XIX!X!X!I5OOI)OOO0O00I)O3OO0O0O3ICXD2X!XICXMCKOZXIX!)0300O — 

ffl0OO00C[xIiaiCXDIGiOZ)03S030(!XIxIiffiO!!liOZ)OC0OIl00gX!X!XI)C!X!X!X!X!XDGO0C^^
0033)0CX!XIXDI)CX!XD0(IX!X!X!XD0CX3^^ !£>300OCDICD000CICgXIO3C)0^

O0ZlZX!XI)000OIXI)0OO00fflZlGXIXg03J000tIiCiI)0OfflOO00(!jffl00003000gX!J00000fflfflZXIXD0ffl00a00G^ — 
O33O3O32XIOSD3ZjO3Zrazi30OZCaTOO33OOTKD3KDO3OTK^ 

Q0Q3J3J03000Q33IXIII)OCIIOZIIX!IIC1OOO3JIICCX!XII!CXIXII3OO2X!I!ID^^
qigIimiXgJI03tlJZX3SOOOOSIlCriKX?XIIIE>^^ 

(IXD00OI)IO330IO03300ClIIZXIII)OIgXgCDgX!gCO33XS0ZCXIClCiai)00CX^3aZXIXD^ -
J0TJ00300030300003QTJT)OOlCOZXDCCOOOCDCXICCOIOZXrOZtDClICXICIKIXIXlirCClOOOCCCOOOOZCC 

00GOIGmiXD0CX[CCIIJI)0O0®OO00I)0O00OIIIO3III!IDO02I!X!iri000OO03[IGI[^^ 
C!ID0O0OZIICI!I!XD32X!XICI!I!X!XDOCXDOOS!X[XIOICXDItDOCDOO033CIDOOCXD00ffiO2II^^ •
C!KIDOII0ZXII!X!XXI)CXD3OOTO0Z)CIIXICO3ZXICC)3OOC£DCXIX!XI)OCXI)O3X!^^

CXDO3O30O3COOCXDO0OO3OOOO0O0OI)OOO3OOO3O2mDOO3CirCX!X!XDOO00Z!0OCCXim!XDOOC^^ ---------03TT0030323TIT0T1000TIT0T0300000T030TO0003000^ -------
QO3Iia!X!]0Oai]3000CO3GXD00rTO3TIgX!XD0O!!GOWgtD00003mzxIgxr^  ̂ -------
CCXIXWXaiCOOTOTQQIJOSCIXDQZXIXKXlJOCXIJDZm -----

(IIIX!XI)0OZmiXDOTOTZmimDO3)0[rmilZXDZXr0C)O3^ZX!ID0OZ)©ZX!l!^  ̂ -----
COTXI03ZX!XD0ZCinrO0O03C[irO0OQ®O0Z)03miCID3OTI)0OO0OCDOO3I^^ —

-45

-43

-41

-39

-3?

-35

-33

-31

-29
-27

-25

-23

-21

-19

-17

-15

-13
OlXD0I)033G3ZmiXD30G33CmD3333033ZmD32CmK^^
(ICX!XlXDCCQ3003C®0I)CXD(imiXIXD3I©TC003O3I)03^ -

OCCI!X!)30imi02XDIX!ID0OTIXDim!a3ZEn^ -
O0;TIT)0OT0;r03T)0Q30O3XDOCDICX!X!XDO3raCOCXDClO0O3ICCOO^ —1 1
O3OOO303(DZm!X!XIXDO(DCm!X!X)O3OTO30OT!X!mZ)OOGO3XDOZC^^ -
CCO3©IXDim32miXD30002XICX!XICCCCCCXD00ZXDCX^^ — 9
OO03OI)O000002>IIIXD3OT30IO30O03OOIXIClDCD0OO32XD0OOOO2ID(IIIXIX!XDOO0GI[Cir^^

QQCXICXIXIJOOTSSCCCXDKDCXIXIICGXIXDICICXDOTOJXI^^ — 7
cmimDOOTzioimrmD^zmsoosOTOOTowaixiooocmDoc^^
OO0O3OZXDGXDO3OICGOOOO0ffiOSOOOO3XD3ZIDO00OOOOII!XraO(imD000OOOO30ICXD0OOOOO3IfflO0O2XD0^ 5
CX!X!3g!X50C!X!X!X!XDOgXDIlQOOGgX!IIIIj0C)fflgXDOOIfflOIO^ X!XI003ZXD333ZIII3ZID3S3CC0CX!XDCCX!XICIIIIIZX]XD3^ID2X!X!11)
OOGCXDTOO30CCXIXD(DI)O3O33OO3DCXI)CXICx333CXIX!X!X5OC!X!XIXIIIXD3OOZ)O^  ̂ — 3
QOOCOO3OOOOO03<!XZmDOrcO3OOOOgmigXDOQrcmi)OP3OOCT(^^
;3CCXTXDC03OT7XI050ZXIXir!XICCX3I1307aiCCC0370ItD»!XOTIC^^ ~ 1
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Tubes with O.D. or I.D. Indications Occurring at the
Fourth Support Plate on the Cold Leg Found by Team ^
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03030003000000 
033O303O3OO2XSOO3O3O3OCD03 •

0!X!m3O0OOO3OOOO3OlOOOO00O0CO3 --------
000000000000300000000000000000000000--------

OOO3ZXDOOOOOO3O3O3OOOOOOOCOOOZO)OO0O3OOOOO 
OOOOO3OXIlOOOO3030I0L0I0I)OGlfflOI)CX!XIOQ3OOOOOCXDOIXD •

Fill = Percentage Depth 
Through the Wall

Digit - Number of Indications 

O 0% < — x <20%
©9n%<*= x <’40%/u 's -rv /w QC)33OOOOOOOOOO3(I0IlOOCX!)O3O3OOOCXDCXSO3OOOO0L0IiOO0OO0Li3OUjOiOOOO------
^ ^ 0030303CXD00000000003000COOOOOOCOC000000030300000000000000030 —
• 40% < = X < = 100% OGOOO3O3OOOOOOOOOOOOOOO0O3OCTOOOOOOOOOOOOOCO3OOOGX5OO0OOOOOOOOOO —

OOOOOOO03OO03OOOOOOO3OOOOZX!XIlOOGXllOZ)O3OOOOfflO033OOO3)OOOOOOO3OOOGOO3 
C03300C ryrnmrrrrt

OOO0OOO3033CX!!0!)O0O3O3OOOOZ)OCXIlOOOOO3tZ0IiIi3OOOO3OOO 
0330000000000000000330000000000000000000300000000000 

OOOOOOOOOGOOOOOOOOOOOOOCTOOOOOOOOOOOOOGOOOOOOGX XDO0O3

XDLJJXl
!X!XIXI)OCXIiI«IxD

CGOO3OO3G0Iir0D3OOOOO3eO3OOOOGXDefflOOOIOO3OOOOOOOO3OOOOOOOO3OOOO3OCOOOIO3

0O03OOOC

OO3OOOOOOO3OO303IDOOO03OOOOOOOO330O3OOOX!XI)COOOOOOOOCOOOOOOO0
OOO333OC0I>IOIlOI0OO3(!XDZXI)CXgOOOOO3OOOO3OOOC D3O0O3C03CX!X!iD0D

O0I)OO3OO3O3OO0O33OOOgX!)OOO0!XD3t!XCT333O3GOOCOO3CX3OOOOCOO(!XL0IlCU!XI0gOO3OOOO3OOOOOCOZ0O 
QiIlOOOGOOOOOO0Ii0ljfflOfflOOOOZXIXIXIXIXI)OOfflZtIG)O3(DOOC!XIlO3OOO0SO03fflO3fflfflCDOgO3OOgXI)OO LKJWUUiJiiUlJ

OO33OQZtIg]OOCTOOOO3G0OOICXIO[Igl3OOOOO0OOO3O0330OOOOOOGOO3OOOOOOOOGOOOOO0OO0O3O0O(IOOOgO-
CDOO(!XIIC0IXIXI)(D3OO3O0DOOOOO05O3OOOOOOZ1Q3O3OOOO0O3OOOO0O033OOOO0O033OO3OOOO0(IXIX!X3OCXSO3O3

000030000000000003000000003300000003000000330000000303000000000000000030000000033000
03OQOZI!XIgXS3OOOOOOOPDOOOO3003Oe03OOOOO33OOO XI0!XIOG0X0DOOOeOgGO3O

00300000030300000333000300033000000030300003000003003033030000300003000000300003030303-  
0I0000OOCCXI0OCXDO0O3OOO0CCXIXIXD300OCOCOO3330O003CCXIXIXDOOO03CO000OO00000000O0303CXDO3303CCXDO 

(0503003030303030030305000000000000000300300000000000000300000000000000003003030030300000  
000330000030©:

•45

■43

•41

-39

■3?
•35

-33

-31

•29

-27

■25

•23

-21

•19

-17
1033311000000111110X31)

OO3O3OGOIOCG03O33OOGO333OOOOO03OOO!)OOOO3OG)OOOgOO3OgeiOOOO0OO3OOOOOCG)OO3OOO33O3OOOOOOOOmOOOO------15
033030300303030000000030000003300000330330000300300000000303000000000300030033003003303300  —
0000030000 DOOX!XD0OOOI)OOOO 13

OO0OOOgXDOG0O3GX!X!X!XI)OC0O3OOOOOGXri3OOG)OOOOOIOiOGG)OOOOOOOOOOOOOOOOOO(I)3OOGOOOfflOOOOOOO3O3OOO30GOX  —
000OO33333333IiljOOO3O33Jj0OOtD3000O00CD33CO03ZX!XDOOOOO0OOOOiOO0O33OC!XI)OO0^ —11
003300)00003000300000003000003333000000000030000000000000000000000003000000330300000000300000-- 
00000000000000303000003000000030000030303000000003000000303000000033000000300330000300330000 — 9 
O003030GO30O003G00OO00300O33003330O3000030000OC00000000O00000000O0C00000G0C0C0033O300C00O0O0 

CXDO33CXD30O300000O0OO03O330O0OO3C00003003030O0OOCO0OOO0OOO3C0O0030OCC0QO300OCO0000OG0C0C0000OQ3 — 7 
0000303000003000000000030000000330000000000300000000300003000000003330300003303000000303000000 
<IOO33O3OOOO0O3O3OOOOO3O3OOOOO3OO3OOOOOOOO!)eOOOOO3O3OOOO0OI0ZXSOO0OGO33O3OOOO33OOOOOO3O3O3OOOOOO- 5
00003X00 J003003000000C0000003
0000300000000000003000030000000300000000030000000030000033330000000330000000003000000003000003  — 3 
000c003003003303003030030000303330000000300300003030000003300000cx!)0330000000303000030303000003  
0000303000000300000003300000000003000000000300003030000303330000303330000000303303030300000003- 1

1 5 9
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MANWAY-

Tubes with I.D. Indications Occurring at the Third
Support Plate on the Cold Leg Found by Team V



G
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Fill = Percentage Depth 
Through the Wall

Digit = Number of Indications
O 0% < = x <20%
© 20% < = x <40%
• 40% < = x < = 100%

CCXDOTOGOSOOOOO -----
QT]00000Q000000(200TJ[T)000QT) ---------

OI)CXDCI!)000JXIID300Il00D3XJICC003C00 
OZCXDOOCDCX!)OOZXDOO0O0CXDOO(!X!X!X!30OO2)OOOO0O

C00IC00000000Tffl00000030oo0ooimcxDDOcxrooo — 
OOOOCOtOSOOCCXIiIiCIXIXUIOZClOIlCXIXIXIICXICll^^ —

OOCXSCXD3X!)2X!XDCX!X!XIXIlGiO00XgXI)ffl0Xl(IxIOSiI)0CS00C!XL^^ 
OZXDOIXD0OCOZX!XDC)OCX!X!XDJXIXrOOOOO!2XDO0PX!X!XIX!XDZXIXD(!XDO0OO0O00OO

OC!I!IDO0O03IX!)O0000O33ICID0ICK!IICII)OIX!I!X!XIC)0302XI0IC)O33ItDOICOO
QT|0T]OT0Q000Q2QrTJTJ0ra003T003000Q30T3QQX0000[TI2Q(^^

(I)CCOIG3CXIXI)CX!XDCXIII)0C)CXI)CXIIIC0CC1O2XZX!XIXIXICXDCXI)PXDOICXDCXIXI)CXIX!XIXDOOCXI)CXDOI) •
(!3Qfflooos300OG0;ximixgo0OO3gxigtgo00zii)e0oggoozEHir!xa32X!xi)O30ii0(^^

G0OOOI0030OIOOIGgIDOaiGCGIIO3Oar)00G0O0OO0OO3C!lSOI0[^^ -----
(IXIXIIIIICCXIJIOCIICDCjOZIICISOOOOOIOCOCIICCOOOOOOOOCCOOOOOOOOOOZXICOOOZCCIOO — 
CO3OS3ZIIOIKIl0OOOOCX!XIXDO0OGGO2XDCD0OtZXIXIXIXIXI)00OCIOOZXIXIXLCXSCLOXLO000000^3lZX!XD 

i:!igCTZIDIgE)O3O0gO33QgQ33gO3O3gIIXIIIlOO^^

45 
43 

41 

39 

3? 

35 

33 

31 

29 

2? 
25 

23 

21 

19 

17 

15

0CXimiXD©0300000OT03©IXDS00IOQ3IID00G00®ie^^ -----13
(IXItlXZXIgElOOZgllgXIXIlOGOZlOZgggXDGGGaiCCTgO^ -
C)0iai0I)0OTCa3IC)000000OT0CQ!lX!m!XDIXD^^ —11
0C)CXI)0OT002X!Xl!0©000003(IXICXI)00C)0000OT00CXD33I)003CX^^ —
0003O000030j0Cxr)00300O0i!OOOO3OOia0O00OO00OOOTKI3ItDO0OO0OO02XQ00OOC^^ — 9
0O00OCD3ZIDOZCCIDIXDOOOO2IICfflIl3O30OOT03GI!I!PI!Xai)0ICIDOOT

(IC)CXIXD(IXIX!XIXDOCCX!XIII)03S00003000000CX!XKXDCI)CXI)03ZXIXDOC!XI)CXDCXICCXIXIXDCC)^^ — 7
OOCXD3OOT00OO0I)O0OOOOOCO0OCXI)OOCXDOTOOOCX!100OOTGOOO03CCX!XD0OOOOIC)OOO3OCXD3OOO3CC^^
iJXIXI03©3OT33332CXD00OT0ICri)©03I)0IOTIXIX!X^^ - 5
COOZXDOICIDOCDCClimillCOCXDZIDCCXIIIXIOSO^OOICOOO^^^
'IXaDOTCXDCXra3X33CO3OICO3COOOOOTO^X!X!XIXDCKD0ZXDZXDOT3ICXD^  ̂ - 3
OCX!XD3(raOCOO0COC0O0OOCE©ICXD30OC!XD3X3000OOCO0OT3!!X!X!)O3OXCCX^
(iria^C)COTIPIDZIOZIIIIXDZCXD3ZIDIO!XD03COCrDaa!CXD33^^ - 1

(

ri)0ICIICXDeX3I>e0SO(!X!XD0C03300300000^^ ----------------
CDceoiigajrcgojgoozxmcixigiiaimzmigjzizxgoooioaDa;^  ̂ ----------------------

0Q0QggXIO3300IO3X!XIXDCXI)CXIlCX!XIX!XDCX30CXIXIXICXI)0QCDIKD0CXD^^ -------------------
GGGX5IXgZXDOOZG)O30a3O0O030IX!XD330ItrmrgX!a0O3GXaixaDO3OO^ ---------------

(D03GOZX!gX!XIXICO3(IXIX!XIX!X!X!XI)COIXIXDII0CX!XZXDZC3CXI)(!XI)OZXDOZX!X^ ----------------
03OO3ZCIDC!I[a!XIC!OIOO0OO00IClDIO0CXD033tKI!IDIO03O3I)00OO000300®0O2I!I  ̂ ------------

OlIOO3CGggIIXI)OIlOO0IO000aOOSIglS0O2gPIOIlWCg0ItDCD0SOI^  ̂ -------------0Q0000^0I0Q0;300QJEirir00030ra0QQOTCaQ3[rC)QCJT)Q^ --------
cmiximro©30z©30zmDOT03zmDOTcmimimDcm!m ---------
(IGOICJiaSZriCJIOICC?Z]0^CrD2KXD2OZCJ2COTZCa2r!3K!X?XI^^ ------

0OZ)0OICTIGOIII)OZ)O0O3OS000O0O0SS0000CTO3IO303OC[XDO0aD0IX50OGIP0gX!]0OOgIG^  ̂ ---------
OO3CXDZXDOOOT3O3OOO3IX!X!XDO3IO2X!XOTO0CDCX!)CXXmDI)OOOTOOTOCDO3^  ̂ -----

OTCXDSOOCX!m!IKJC)O300O!II)GOOO0OSCXD0OOTO033XDCXDClC)03OOCXDOOOOZmi^^ -----
CIDffl3S0agGg3IirOOIOZgriCTI]GGOIgXggII3!XDOOOgO3^^ —
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Tubes with O.D. or I.D. Indications Occurring at the
Second Support Plate on the Cold Leg Found by Team Y



G
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Fill = Percentage Depth 
Through the Wall

Digit = Number of Indications
O 0% < = x <20%
Q 20% < = x <40%
• 40% < = x < = 100%

0OT300003OOTC0 ------
0000^03503(3000^^ -------

OOO330O300OC0imra0OO!XDO0OO30Ot!XD^^ 
Q3IXl!CXXXIX!XI!CfZ£X!XXX!XDZXXyD!DlJ(!XX!^^ 

(XXDSD^IXXXXXXXXCX^ XDSCOOICXIXIIOCItttlX^
CXOTOTraO3OT0OOO3OZXWXDO33OTC^^ -----

O3OT0000OO3XDI)0OOOC)O303IIIX!IICII1I1OIGOOO3000OOO0OOOOICCID00O(D0C)0ZXD0IXI0[I0333I0ZX33(ia2OTEX^^
CCX!X[X!X!X3IXDZXICXIXIX!XIXIXIX!X!X2CCCCXIXIX!X!X!XOTCIDOi!XIXD3^  —

glQOZlOC[GXDSO0O0O33Z)OeOO0O0C!XgOJOO0OIIO300OOOaaaiXDSOOSOO^ 
OOOO3C)OIOIXDO0O0O3O00OI)OO2CC)O3O0OO30O0OO3O0033O(!XDZ)OOSIC0OI)OOC®DOO
CIX!X!ip3gCC03IIZXD3ZrD31gX'X'X[XIX!33CiaZX!IDZ^^ ~—
CX!XlOCCXLiJ>S2XIClOOGOZOIiOOOOO3COtD3)OO00D000fflfflC!)00ClCXIXD00OOO0S30OZXIlOOOZ)C(D

'IlII!I!I!XD33OZOItDO300GD0S!XDOOOOOICirP)3IKIX!XICXD0OCXD0IX!)03ID000O0OOOO00030G^  ̂ •
CC0330ZX!XD3^CIIXIXD3I)OCCIICPX![X!CXDCCXIC]CX!XD003I!X!^^

OCQDIXDIlOIIOOIGI!!CX!XIXDCX!XIX!XIiOIOI003IIZXIX!X!XIiClgX!X3L!X!XDSO^^^
0CC)O003CCXIXI1OZJIO[DSCDIX!)CD3COOOZIII!XDO^O!!!CXDOO( OO3SO0OOQOZCIItDOZ)000OCIG)(IIDOOCXItI)O
000IOTX!X!XD(!XDC!XIIIXI)00I00333ID!IX!XD0C9IEXII!X!XD0J^^  —

(rXD3TCiiaT)000300OT30TO3C1TCai302X!Xr100T]3CC)000^
(D0aWCX!I2OOOCDO!IIIOC3!XDOOO3COCIDZIOOT!X!OT]3OOO3Z5CC]CXD0O^
QCXI)0OZXDO3ItD03OGCC]OIClIOCOIC)0OT3OZXDOICI!IDOOO3COO(^^ ---------------

(!CTWGC0O30IOZmit!X!X!XKXSOOCgIgTO0QggI!X!)OI10O0OaiXIg)0OOGOOIO^ ---------------
CICOIXIlCggJXIiOOIXICXIIIOIXDSOgXDOZggOGCJOCIO^ --------

(I©3332mi)©OT03I03(IXD!XZXDOT00O3IXD30CC©OT3I)0^^ --------
03SO0OO3)O0IXIieOOOfflI)3!300OO0OIIIgIIGXIiaiI!XI)GgriXDglOIgX5aO^^ ----------

JOimi)OO3S0IX!)3gXIO3ZGOI)0000333O0ZlIlWGl3Ig300O0SOZX -------
f^ItIXDODC!OCXIXD0CX!X!XDOIIIXIOZXI)C!X!XIX!>lJJXD03OX5<2CXIX^ -----

OimD52XimiXrai)OOC!XDO330OO33COS3OOTOCmiC)O0O33O3OC^^ -----
'III)CIDO3O3CIO£O3OQ3OZG133[ZX!XDOOgOC!X!X!XIXI]0dXIiI)Q  ̂ —

l!Xr00T!oOTOTTO03O0OOTII!XDIX!IDOT00CD3»333ma!X5I!CI^^ ----
OCl3(rm9OZmiXI!OOOOTmDOOCXDO3CX!XKXr)O0O0OO23raO0OO0O2XDCraO3OO2^^ —
<TCC>G303002tDIXIEXD0000CX[XD30000(IECID30I130^^ -----

'laiiigiigiwaiGxrGxDgoooozGxigxDozarisosoooocDicCTrogoogci^^
iICXII!DO3IIlZX!XLtDQZ!iIiIXDO0ZGPICXLXIIIIOZIOZtIlCX!XD3OoCDICQIII)OOi^^ — 1 1
0C£m!)0933303r0Q00O0333imD00CD30HDC)Q3^^ -COZOCOOOTCXDCOirDSCDOOZIIOICXTODZtWXIIIXDZIIOCXraaS^ —
'IX!XIXD0IO3I»Z10gI!gOO3ZXD0O0TrjI]CTOOm3aSOO3ZgXDII0ItIgX!XDOSO00OO0OC^^

-45

-43

-41

-39

-37

-35

-33

-31

-29

-27

-25

-23

-21

-19

-17

-15

-13

(IX!X!XIX!)IXIXDCCXI)GCKXIXIXDCXDQ®CC>3X!X!XI)CXDZXI)©3^^ —
eemscmjmzmzxzxDGoojxixD^ocmzicas^ocG^^
<3XD33XDO3O0O[ICD!!13IXDO3ZXDOO0O0O0O2X!X!XI)OO0ODO0O00I£DOO3CCXD3OOOO0CO02XDO0O0OO^  ̂ —
,T)C02jT)031032XI0I00CXXDeXD0C0I030002XDC0^
‘3ZXX!X!XDZXD(3IX202CCQD?X!XIXXX!XDD®ZXD&D&ZXXXDZXIXXXD33IXD^^ —
(W)O3mWXD2m!)OOOOOOOOraOO3OOClX!mDOOOCXD0O3O3OTOO0O3OOOCXDOO30OOTOOO:m!XD^^
'IO3Z£D0ICO0?X!l33aZXD33Z)a!m3OT(IX!XIXDZl!IDCXII!X^030ZOZr^^ -
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Tubes with O.D. or I.D. Indications Occurring at the
First Support Plate on the Cold Leg Found by Team Y



6-18

Fill = Percentage Depth 
Through the Wall

Digit = Number of Indications
O 0% <= x <20%
© 20% <= x <40%

CXDCXDQI)CXD33ZII0CCEX!EIDE^^ 
O0COOOOOZ)OIO2XIXDOC10OOCI!XD0OCC1OSZIIXDOO(I1C)

OGXIOIl0000OOO33OOO00003CXDO0OOZCXItIXD0(D02)OOO 
(!X!X!IDClIIDOT0C!!OZCCCX!KX!l!ID0CDZ)OI)00000002X!X!X!X!I!)0^ • 

COIlCDCJOZXICgXSOZlCIZgXDOIlGZIQZCXDIlO^^^
O5OT(IXIX!XD0OOT0OOOCXIIDJII)O3OOOO3OSOOTO3OICIIXIXDOO3OO0I5OOO0 — 

CO3OTO003IIICX!I!IDOO03OroX!I!I!XD0CIII)OIOIXIXD0OOO30OCCID0Cir00DDIO 
O3OCOJXDOOCXD0OZXI)O2XIglCXSOIIIIO2X!X!XD(IXICO^^^ CCXICCIItD •

• 40% < = X < = 100% OO03OOZIII!X!X!X!IDO2CIIX!XDOO[I)O2X!X!X!XD30OO0OIOI)OCO0OOO00O00O02XMXIXIXIOOIl3©
OQ3)OC?XDOgX?KX!XDOIKm03SC03ICOOTOO^ -----
C0ZggXD0033QICCC0CriOIIIIIOZI333]03ZXJC!XI00^X!300CD3ZIIIIO^^ -----
CXIOZX!IDZIIC)OOOOOCOCaDOO31O3CO3O3O0CXDOOCXDOIIIIZtZXICirOO[DOO0^

(ZXDO3O^XDOaD3^30IOZ)OZ!OZCCIIXDZiC)OCDCaiP^gO3ZllOCOir^^ -'I)OaZClZXDOZlOT3ZXD3CX!XDIXDOT0OOO3O33OOTO3OOZlCIDai)OIODOZlO33OIO30O^

-45

-43

-41

-39

-3?

-35

-33

-31

-29

rroTO3O3300Cl3^CX[XICOl)00©03©0000©3333002XDZX!riI^^ - 5'IlCDCX5IxrCClI)OZCirOIIIOZO333OT30IlIOZI5ZXDOOZmrOCXDZXI^^
'ICCCO3O3O33)Oa!XD»DOCD2COIi3IXDO3CXr03i!XD3CCOOTOOI)OZ^^ - 3
<30333©3S00CmD0OTira3£03OT333OT00©0000ra^
^IClCXD^CCOI10Z)O^IJICXIC^!X^OZr!XDOOCCOO^CIICOI^D^OCaI£  ̂ - 1
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-NOZZLE MANWAY-

Tubes With O.D. Indications Occurrinq at the Top 
of Tube Sheet on the Cold Leg Found by Team Y



G
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Fill = Percentage Depth 
Through the Wall

Digit = Number of Indications

433XZX!X5CmrOCXDO

OGO0OIIIC)OT3)O3I)O00OOOO0Ci: X!ID2XDZXD003CID303

O 0% <
O 20% < 
• 40% <

x <20% 
x <40% 
x < = 100%

(IXIX!XDCD3ZCXIXI)GOTKXIXIC0!DIC!G3C!X!^^ 
GCXlCOZCIIglDZXDCDOIi&ICggXIOOCXIX^^

0OT3IQ30330Q0®003WmDOT300OT -----(T)Q20003T00QyT0000000T]000i500000030000300007J00T000T3300000
COi33X3IXL>SOCCCgXIXDQ3XI]OC!10ZCCOI10OOCglCgXIXLCCXIC!X!I!g^

(XXDOZXIXMZXIXyXXXXXXD&DZXXZXI&ZXDZlCXIEZXIXXXX]®^  ̂ —
fIG033ZO3OTCaD3Zm3ZXIX3OCCmi)OOTZCCXDO3^ 

0eOCTDO2gII10S0O0[IIIlS30OOgXIIZgfflI»IgmiQI)OSG^
CXIO3ZIIXD333XICIZI!I^!XICI!XDO33ZXICI!I!XXIIX!III!XICI!330CCKIOIXD33ICIIXZI!I!X^ •
CGO0OOOS32XD3OZIZXMO3XDZI!X!CCCIICXD0CIOO3CXlX!XI)0O33OZXIXDOO2)OO3OTOCD0ZXICCClCO

cmixixDoasoziigxaimgaio^xxDooCTgcosaaigjgawcoaCTCT^
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