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0D qen_ral indications 1R rhe interlorl region at + LTS~1st span

\ and at tnhe 078 TSP

oD genera: indications in the lane region at the UTS
L 0D wear indications in the periphery region at the 08s and 098
i TSP's
“g |
‘!
-3 ping indicatiens in +he lane region at the yTs and LTS.
ca
B3 These are the most prevalent problems occurring at Crystal Raver
g nit 3 However, G0 following regions and their associatead
- 8 {amage mechanlisms within OTSG's are also areas of concern.
i' - s . ~ - ~ : { 1 : 3
és 3 High Cycle Fatigue = D circumferential cracking occurring 1in the
4 Jicinity of the 155 TSP or upper tubesheet secondary face 1in the
- & 1 4 m $ : 1
i* open lane/wedge regicn. The initiating mechanism for high cycie
Z3 fatigue 18 pelieved to be a compination of surface damage from
iz ~orrosion, fretting and high crossflow velocities. This type of
;g\ £law has been the C use of numerous unscheduled leaker outages.
2% | This problemn has been addressed by sleeving the tubes in gquesticn
;¥ from the upper rupesheet roll to just below the 158 TSF.
"
fg 3.4 Impingement Erosion - An erosion/corrosion type discontinuitly
% sccurring from the fiow of secondary side water with contaminants
F ~r debris entrappe ] steam. This

cau rupe wal loss just above rhe affected I8R. t

sd in the secondary side water fluid i
v+ or above the upper Tsp's (108 TSP and above

e

N
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w
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S
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y

\ :
H Wear - Wear frettling nas sccurred at TSP intersections in tubes
ii‘ mear the periphery ~f the tube bundle. Wear may D€ flat ot
- rapereaq, and may occur at one ~r more of the proached TSP contact
\ areas or at drilled hole locations; it 18 generally detected at
rne upper TSP'S 09s TSP through the 158 TSP ).

TR L LA

« BAW NUCLERR TECHNO(

,l 2§ Manufacturing guff Marks (MBM) - so called buff marks are the

5 Tesult of tinal kand poiishing OF grinding operations on tubing

. juring manufacturing. Polishing O grinding may also cause cold

=% working which can result in permeabllzty changes in the tubing.

i This type of indication may occur anywhere on the rube. Buff mark

X3 indication typically have a strong absolute coil response with
an axial extent ON rhe order of an inch or so. The differentia.
-ail response i3 ssually not p:onounced or evident at all;
s1though when present rhe indication may measure deep.
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B&W NUCLEAR
TECHNOLOGIES
3.7 € n - Some small larg e amplitude
S in the boiling reg;un the tube
b y multiple, small amp‘.tude signals
W of each other along the tube length.
T cations were found between the LTS and
¥ t . plates
£
i
23 The defects responsible for the low voltage eddy current signals
%2 in the first span region consisted of small, relatively shallow,
iz isolated patches of OD-initiated IGA. The IGA dam ge was
. associated with a non-uniform deposit pattern, concentrated in an
e area 8 to 18 inches above the secondary face of the lower tube
B sheet. The corrosion was attributed to ‘CJ-fempera'“re, reduced-
) sulfur attack, which probably occurred early in plant life and is
§§ no longer active. The bobbin coil eddy current technlq = was
x% successful in detecting this damage, detecting all IGA patche
;i with depths greater than 50% through wall and ~80% of those w;:“
§§ depths equal to or greater than 40% throughwall. tionally,
£z lab tests determined that the IGA had almost nc effect on the
= burst strength of the tubin
8
fﬁ 3.8 IGA - Secondary side initiated intregranular attack (IG has
3 been identified in the upper spans and within the upper
gi tubesheet. Generally these indications have been seen in the
- lane and wedge regions of OTSG tubing.
;a - Data Analysis Equipment
id
23 4.1 Hardware and Software Re ements
4
;: The equipment, material and document requirements are governed oy
i; the nature of the job, plant request and procedural uirements
s
£3 4.2 Examination Freguencies
1
i 600 .kHz Differential - This is the inspection ‘req ilency to
3 satisfy the ASME code requirements. This requires a phase angle
.3 between S50 degrees to 130 degrees from the signal of the 100%
-+ through wall hole to the signal from the four 20 percent flat
5 tottom holes, rotating clockwise.
-3
i; 6 kHz Absolute - Defect confirmation and TS profiling.
§ 400 kHz Differential - Used for defect de tion  and
ii confirmation.
3 400 kHz Absolute - Defect confirmation
TDOS PAGE OF 43
CRYSTAL RIVER DATE 4/10/94
UNIT #3 REV.: 1
EDDY CURRENT DATA ANALYSIS GUIDELINES DWG.: 217317A
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meter Magnetic-Bias high frequenc
“:;nuxfxns and other tubing variati
;'g devices for optimum coil center
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structure locating and sludge
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examination specific to Crystal River Unit 3 stceam
generators.
- Span and Rotation Settings

5. 3.1 Set the 600, 400, and 200 kHz differential channels wit

rhe single 100% through wall (TW) hole signal at 40 degree
& e el _} p L
phase angle plus or minus J degrees, starting down and t
the right with a span setting that measures 50% of th
screen heignht

5.3.2 Set the 600, 400 and 200 kHz absclute channels with prob
motion or tube inside diameter noise horizontal and th
1008 TW hole starting up and to the left with a spa
setring that measures 25% of the screen height.

$.3.3 Set the 35 kHz differential channel with the broached tub
support plate signal horizontal starting left and a spa
setting that measures 50% of the screen height.

5.3.4 Set the 3% kHz absolute channel with the broached tub
support plate signal starting vertically down and a spa
setting of 50% of the screen height.

5.3.5 Span and rotation alterations may be made as necessary wit
the approval of FPC for sel cted channels to accommodat
special analysis routines such as tubesheet profilometry

: Mixes

(= 4 ‘ Miv #)

A 600/200 kHz differential mix shall be established as th
primary TSP suppression mix. This mix shall be accomplishe
by using the broached TSP in the calibration standard
Adjust the phase such that tube ncise 1is horizontal, an
the 100% TW hole is starting down and to the right with

span setting that measures 50% of the screen height.

5.4.2 Additional mixes may be included for supplementa
Information if desired.

The voltage of all channels shall be normalized in reference t

the 600 kHz differential channel. The four (4) 100% throughwal

holes shall be set to 6 volts peak to peak off the 600 kH
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i3ta is acceptable, a message will be placed in the final cal record
i.e. NO FINAL CAL - DATA ACCEPT)
5.8 Evaluation

5.8.1 All eddy current tube data shall be subject to two separate
indepencent analysis. These are referred to as "primary"
and "secondary" analysis.

Note: Secondary analysis is required to report tube degradation
conditions only. Section 6.2-6.7 and 7.0 do not apply to
secondary analysis

5.8.2 If no discrepancies exist between the primary and se.ondary
analyses, then the primary analysis results shall be
considered as final data.

5.8.3 The evaluation shall consist of reviewing lissajous and
strip chart displays to the extent that all tube wall
degradation and other signals as defined by this document
are reported and di spus¢»¢oned in acvorda'*e with the
requirements of this document.

5.8.4 Set the L;ssa;:;s to display the 400 kHz. Set the right
strip chart to ;sp‘a the verti cal component of the
€00/200 kHz differential mix and the left strip chart to
display the ve::;:al component c¢f the 200 kHz absolute

$.8.5 Phase angle measurements shall be made utilizing Volts MAX
RATE for signals which have a well-defined transition. For
cases where no clear transition exists, (i.e., open-loop
signals), a Volts peak-to-p e k angle shall be used.

The use of guess angle shall be kept to a minimum and on.ly
used when the latter two functions do not give a good
representation of the indications phase angle,

5.8.6 Any indication shall be evaluated using other available
fregquencies to ensure that the analysis is correct.

$.8.7 Previous history shall be addressed on all indications.

Reporting Reguirements
€.1 All quantifiable indicaticns of wall degradation 2 1% TWD,

with a S/N ratio 2 5, shall be recorded.
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¢ 1 Free span indications shall be reported using the 600 kHz
differential channel

€ 2 Indications at or within a TSP or Tubesheet shall be
reported from the €00/200 kHz differential mix channel.

& 3 The location, type of flaw (if possible) and ¥TWD shall be
recorded

6.2 All indications with a S/N ratio of < 5 shall be recorded as
follows
6.2.1 For indications with a S/N ratio less than 3, only

the location and type of flaw (if possible) shall be
recorded with an accompanying note c¢f "S/N" in the
"§TWD" colums

6.2.2 For all indications which represent possible

through-wall degradation, the signal-to-ncise ratio

S/N shall be determined. The method used to
determine the signal-to-noise ratio is illustrated
in Attachment #5.

0.2.3 The S/N requirements :pec“‘ej may be superseded by
the data analyst and the indication assigned a ¥TWC
on a "best-effort basis"

6.3 Dings equal to or greater than 5.0 volts peak to peak or
jreater shall be reported. This shall be accomplished using
the €00 kHz differential channel. All dings occurring at TSP
or tubesheet intersections shall be reported using Mix #1

€.4 Permeability wvariations equal to or greater than 5.0 volts
using the 600 kHz differential channel shall be reported.

6.3 Inside diameter chatter or "ID ncise" equal to or greater
than 5.0 volts peak-to-peak shall be reported. This will be
reported using the 600 kHz differential channel.

6.6 The actual tube extent tested shall be reported as the
furthest landmark observed from the entry leg.

D ? Lower and upper tubesheet "C-type" indications shall be
reported. Classification of the indications shall be done by
viewing the 400 kHz channel. (See Attachment #3 for =2
complete listing of codes)
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10.1 Computer Data Screening (CDS) Analysis
10.1.1 Computer Data Screenin (CDS) analysis is used as t h e
- secondary analysis for bobbin coil data.
$°
- & A U ok 5 ) Ty 1
s2 LUld.e The CDS Analyst should establish the Analysis Variables
3 in accordance with Section 5 of this document.
2
53 10.1.3 The CR3 CDS Sort Variables are restored from either the
g7 hard drive or from disks provided to the CDS Analyst.
*: Attachment 8 provides the sorts whi ch will be used for
§: CDS analysis.
& =
§§ 10.1.4 When permanent cha r;es to the sorts are deemed necessar
£ both the Senior Analyst and FPC Representative must
=1 concur on the sort changes.
iw P i~ o
£z 10.2 The CDS Analyst is responsible for:
‘e
4 |
=% 10.2.1 Evaluating ECT Data in a manner consistent with the
£
" 1
<y guicdelines presented herein.
gg 10.2.2 Operation of the CDS system, review and ed;.;ng of the
§§ ~DS final report to eliminate double entries, false calls
i and to ensure complete analysis of all tubes. This may
ﬁi include manual analysis of certain tubes that CDS could
3 not screen for various reasons,
¥ 10.2.3 Alerting the Lead Analyst to conditions present in TQO€
. data which are not addressed by the analystguidelines or
: current CDS sorting parameters.

FEHRTHDT 4 BEW MUCLEAR T5CHINOL OGE S A4
S LR T NI A
¥
)
Y ‘
s} ©
. wn .
o ("
B,
3

? 10.3.1 The following configurations will be used for CDS

3 (secondary) analysis This setup is in addition to or
. replaces the normal configuration

: 10, 3%, % Mix P4 - 600/200 cc (cross corre.iation
3 filter) differential. Set the cc filter o
4 five. Suppress the carbon steel broached
3 support ring.
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A 150/75 kHz roll expansion miX shall be made for each
~oi1l set (2 mixes total). For each mix a clean roll
transition in the calibration standard shall be
suppressed. Set the 100% TW sleeve flaw at approximately
40 degrees starting down and to the right at a span
serting of 50% of screen height. After mixing, ensure
rhat each mix has sufficient sensitivity to detect th
40% TW sleeve and parent trube roll transition flaws (.
and J in the Attachment #4), and that the 40% TW parent
rube flaw is detectable at the sleeve end (flaw K in
Artachment #4). If the sleeve end flaw is nect discernible
from a nonflawed sleeve end, a separate mix for sleeve
end suppression shall pe made for each coil set. I1f no
onflawed sleeve end exists in the calibration standard,
a steam generator - installed sleeve end signal may be
sed, In this case the rube number containing the sleeve
shall be recorded in the analyst final report.
other mixes, including three channel mixes (turbo), may
be used in addition to those listed above for the purpose
of obtaining additional information or optimizing the
gleeve examination

~1tage Normalization
The voltage of all channels shall be normalized 1in
reference to the 250 kHz channel, separately for each
coil set. The 100% TW sleeve flaw shall be set TO § volts
and all other ~hannels saved and stored.
Strip Charts

The vertical component of either a basic channel or a miX
for each coil set shall be monitored on the twoO lor

)

wl

Al

P "~y e
on Ve

u

‘lo calibration curves are necessary for crosswound

Data Entries to Final Report

The phase and amplitude of any indi 2tion detected shall
be compared to the calibration standard flaws and if the
signal appears to represent a flaw, then the indication
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jetected shall be entered as 40% TW in the final report
For each indication reported, "TUB" or "SLV" shall be
entered in the comments field of the final report
indicating the material containing the signal. Example of
crosswound data entries are given below.
Row Col Volt Deg $TW CH Location Extent
76 2 1.%90 9 40 M2 UTE -1.30 SLV 14th TSP
77 6 3.01 78 40 M1l 158 TSP-5.00 SLV 14th TSP
.1.3.8 Reporting Criteria
he following conditions shall be reported, as a minimum:
All indications of sleeve or parent tube wall loss,
regardless of depth

Any obstruction in the sleeve or parent tubing.

A &\ e a Babhbhin Cr 3™
- - e :-'2“":-: e - ".‘".3.- at-un

v o a - Tre -

11.4.1 Area of Interest

The bobbin coil areas ¢of interest are the gleeve and
parent tubing in the freespan (unrolled) portion of
the sleeve

11.4.2 Span and Rotation Settings

Set all differential channels with the 100% TW
sleeve flaw at 40 degrees plus or minus 5 degrees,
with phase rotation st a'f¢ng down and to the right,
setting amplitude 50% full vertical screen height.
Set all absolute channels with the 100% TW sleeve
flaw at 40 degrees plus or minus 5 degrees, with
phase rotation starting up and to the left and
setting amplitude to 25% full wvertical screen
Fraiane

height
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B WTECH NOLOGIES
Specisl Products & Integrated Services

Th interest for all RPC examinations is the full extent
of data For rolled plugs, special emphasis will be on
th led area from the toe to the heel. The toe and the
Eé he rransitions of the rolled areas (See Attachment #&).
¥ Th approximately 1.25 inches long and is located
a3 ap y .5 inch from the plug end. Due to roller movement,
24 or 3, the roll length may be greater than 1.25 inches,
2 an nd to the plug end
Bl & a s ad
< & 2N ¥
'
i The inspection fregquencies shall be identified by B&W Nuclear
€ Technologies Level III Eddy Current prior to inspection start up.
£: These frequencies are normally 300kHz, 200kHz, 100kHz, and 10kHz
%= operating in the absolute mode. The 300 kHz absolu:e channel shall
22 pe viewed as the primary reference frequency.
5 ihen & is required for analysis set-up, the drilled TSP in the
°% calibra standard shall be used. If no TSP exists in the
;¥ calibra standard, then the si gna; to be used for mix suppression
= shall D termined by the lead analyst (B&W Nuclear Tec hnologies).
;i The TSP ~:'ne tube number used in this instance shall be re:::je:
£3 the 1 report
,.! SHAar An Raratinn Serting
<3 ~.+ Span ond Rotation SEtTings
gi Set the 300, 200, and 100 kHz absolute channels so that probe
=2 moticn is horizontal and the initial trace movement of the 100%
35 rarough-wall flaw is up, with the span set so that the smallest
iﬁ ietectable calibration flaw is clearly visible on the screen
i; Set the rotation of the trigger channel so that the signal is
=3 joing up and the small leg is horizontal. Adjust the span to 4
gi divisions,
E 2.2 Mix
i A 300/100 kHz mix shall be established on process channel Pl as
3 the primary TSP suppression mix. This mix shall be accomplished
T3 by using the drilled TSP in the calibration standard. Set the
s rotation so that probe motion is horizontal and the initial
L rrace movement of the 1008 TW flaw is up. Set the span so that
82 the amallest detectable calibration flaw is clearly visi bl on
ii the screen, Other mixes may be set-up at the analyst's
x 3 discretion
:2

PAGE 28 OF 43
IVER DATE: 047107394
3 REV.: 1
NALYSIS GUIDELINES DWG.: 1217317A




BN BT

B wB%HvN”OLOGlEB

[SFERREE TRRE & T
4 LA N

-

EL TR T DRI A RS U
RTRE T
»

8 R

N RRIRTRE . I 20 L) LE RN ORE
o NG D

AN (N R e

Cd BN MUCLEAR TECHMNOUOGE S e W

e Weli

b OBAW MUCLEAR TECHMNOLOGE S a0
AL e NN

I PR N
N R E

MRSV O ARNY

T AW, T (N
B AORA TN T

tablished on prfcess channel P2. The
juency pancake coil shall have applied a
the following values:

T

oo

charnnecss -
. oI Plead &
s
" T A
T ~11 L - -

“ W L - v
- - d -
Himh (Cii#* -

High Cut 100

Using the 300 Khz channel, set the voltage using the 100% TW
axial EDM notch in the calibration standard to ten (10) volts
peak-to-peak and save and store this value to all other
channels

calibration curves

Wear shall be sized with the TSP mix using a 3 point

voltage curve, These will be set up on a wear cal lb ation
standard using the as-built depth values Other voltage or
phase curves may be set up at the analyst's discretion.

o calibration curves are required for plug examination.

1sed for the calibration and measurement o £

| b o

For tube analysis, set the left strip chart to display the
vertical component of Filter P2. Set the right strip chart to
display the vertical component of the 10 kHz channel. The
analyst may adjust the strip charts at their discretion.

Calibration Entries to Disk
All calibrations shal 'e entered to the final report
as a kRow 993, Col 999 ntry. Calibration information
shall be entered in th e appropriate field as shown
below:
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ROW COL VOLTS DEG 1TW CH LOCATION EXTENT

999 989 Cal cal Probe Tape Cal Analyst
Time Dia No. Message

Attachment #2 gives some examples of typical calibration

entries

R AR AT oy

rLVG f“u:

sl L
LERURE - RORE L R S

At

SN WAL (R INPARD o

U R ST L N

S NOT SO R PROUNR £ O

OMNE D LN RO (re
D RN BAW NUCLEAR TECHINGLOGIES ANC Wi BE ME Tokn

(8 BN NUCTEAR TECHMMOL OLE S a0
WM ANY M TN L TR NI A T

e

CROAIN T T T PR Ry

WA TN

1S

It is very important that the full extent of the plug be
examined. For rolled plugs, this includes the entire
rolled area out tc the open end of the plug Attachment
#6 displays a complete examination of a plug. A smooth
transition leading to the plug end (probe in air) signal
must be seen. This verifies *ha* the probe did not jerk
out of the plug with the resultant loss of examination
coverage near the plug end

REPORTING CRITERIA

4.1 All indications of tube wall degradation shall be reported. For
plug analysis, all permeability indications shall be zepc::ej.

4.2 1Indications in the freespan area of the tubing shall be recorded
with the 300 kHz absclute channel whenever practical.

4.3 Indications occurring within tube supports shall be recorded
h \annel whenever practical.

4.4 Indications occurring at tube support edges or otherwise
interfered with may be reported with the 300/100 kHz mix
channel.

4.5 All indications of tube wall degradation shall be reported with
a characterization code in the percent column. The
characterization codes to be used for reporting flaw lndz:at;:.s
are SAI, MAI, SCI, MCI and VOL and are defined as follows:

SAI, MAI - Single and Multiple axially oriented crack-like
indications Typically showing an enhanced response
on the circumferentially-wound coil.

SCI, MCI - Singl and Multiple circumferentially oriented
crac r-‘hre indications. Typically show*ng an
enhanced response on the axially-wound coil.
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JOL - Volumetric indication typically showing nearly
eJuiva.ent response on each of the coil
configurations

Wear indication shall be reported with the measured
{epth, in the 3%TW column, as determined from the wear
~urve set up
4.6 Signal correlation should be determined through evaluation of
the phase relationship noted among examination frequencies.
Indication characterization should be determined throu h
evaluation of signal amplitude and geometric relationships noted
among the various ~0il configurations.

INDICATION LENGTH ANU WIDTH MEASUREMENT
5.1 RPC Clip Plot Measurements

RPC clip plot measurements will be performed on all bobbin coil

$/N indications examined

§.1.1. The primary frequency of 300 kHz absolute will be used to
size the axial and circumferential extents of the
indications

5 1.2 The setup and calibration requirements for reporting
indications are the same as those in Section 2.0.

5.2 Clip Plot Setup and Calibration Requirements

5.2.1 After performing the basic setup select the "MRPC/CRKMAP"

menu Go to user select and set the tubing diameter tC
551"

5.2.2 Set the axial scale in reference to the EDM calibration
standard. Refer to the EDM calibration standard drawing
for the standards total length.

5.2.3 Select "MEASFLAW" plot the 60% O0.D. EDM notch at 270.
Position the threshold cursor just above tube noise.

¢.2.4 Select "CLIP PLOT" function and plot the data at Q
degrees "BOX ANGLE" must be kept at 0 degrees.

5.2.5 Perform ngth and width measurements by drawing the box

r

eguiva ro the same size of the 60% OD EDM notch
signal. After the measurement is performed, move the box
just b
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5,2.6 Verify that the total length and width measurement 1is
equivalent or greater than the as-built length and width
of the 60% OD EDM notch. If the measurement 1is
undersized reset the axial scale.

§.2.7 When plotting the data, set axial scale to .86" +/- .20".

5.3 Reporting Clip Plot Measurements
5.3.1 Select the "REPORT ENTRY" menu and enter the length and
width measurement to the final report. See Attachment 10
for the final report entry.
$.3.2 Two graphics are e:u red for the clip plot measurement
The first graphic will display the normal CSCAN plot and
X d r N S
the second graphic WLll display the clip plot. This will
be performed for each individual indication as well as
clustered indications. Appendix 1 of the analyst staticn
reference book provides examples of the required graphics
for the normal CSCAN and clip plot measurements.
RECORDING CRITERIA
€.1 Axial Locaticns
All measurements shall be made using the following
criteria:

‘ An indication location shall be measured from th
center of TSP or a tubesheet edge to the center
of the indication being reported.

* Axial indications shall be measured from indication
edge-to-edge (for example: LTSF +12.10 TO 14.60).

* Set the axial scale based on known locations in

the steam generator or use calibration standard
defects with distances documented on as-built
drawings.

» Pos irection is physically upwards in the
Jjen lst TSP + 1.00 inches is 1 inch
abo ]

. Mea in either the posx ive or
neg the nearest available
lan

n
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The first picture shall be of the X-Y lissajous
with phase, amplitude and field code edited in
the "BTW" column For the second picture, a
rerrain plot shall be generated using the same
4ata channel as in picture 1. The third picture
will be a terrain plot of the axial coil. The
fourth picture will be a terrain plot of the
circumferential coil,
DATA COMPARISON
1 Responsibilities
The imary analyst shall generate the data to be used
in t final report This analyst is responsible for
recording all indications reportable by the analysis
The secondary analyst :nal; generate the comparison data.
This analyst is respon le for recording all tube wall
indications rep:::able by the analysis procedure.
2 Data Discrepancies
The basis for the data comparison shall be the Interpret
tion Discrepancy Standard identified in piragraph 6.3.
identified differences in data interpretation shall be
reviewed by the Senior or Lead analyst to arrive at the
final interpretatio
The optical disk containing both the primary and
secondary analysis is loaded into the resolution
program for comparison. A record of all primary and
secondary data, and any changes to those results
through the resolution process is maintained on the
optical disk.
3 Interp ation Discrepancy Standard

ignals in
be resolve

f rube wall degradation wear shall
of the following criteria are met:

. The indication has been recorded by only one
nalyst.
- e through-wall dimension of one of the
nterpretations is equal to or greater than 40%,
nd the other interpretation is less than 40%,
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OrSG ELEVATION MAP
UTE
24.00"
uTsS
46.375"
158
35.00"
ey 14S w** TUBE DATA ***
' 138 NO. OF TUBES = 15531
27.00" MATERIAL = INCONEL 800
128 NOMINAL DIA. = 0.625°
38.00" NOMINAL WALL = 0.034"
P 118 TUBE LENGTH = 673.375"
: 108
40.00"
pry 09S **+ SUPPORT DATA ***
' 08S HOLE TYPES = DRILLED &
40‘ oou BROACHED
- 07$ MATERIAL = CARBON STEEL
5 39.00 oas THICKNESS = 1.50°
‘ 37.00"
058
38.00"
048
40.00"
03S
39.00"
02S
38.00"
01S
46.00"
LTS
24.00"
' - LTE
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BWB&W NUCLEAR
TECHNOLOGIES
| ATTACHMENT #2
|
| FORMAT FOR ENTERING CAL RECORDS AND OTHER DATA
i
i CAL PROBE CAL ANALYST
4 TIME +CAL* SIZE NO. ‘INITIAL (OR FINAL) CAL* CODE
1|
: i SG |ROW| COL|VOLTS |DEG|%TW | CH#| LOCATION EXTENT
f A | 999 | 999 | 1610| CAL| 510 | 015 | INITIAL CAL X1234
4 A | 33104 MSG SEE CAL 81
T A | 24| 92 UTELTE
: §
i A | 46| 55| 101[150| 18(M1[188 + 0.00 WAR| UTELTE
’g
+ A 77| 8| 261[101] a8|M1|UTS + 000 MBM| UTELTE
i Al | s RPC UTS  + 0.00 UTELTE
i3 A | 999 | 999 | 1825 | CAL| 510 | 018 | CAL OUT - OLD PROBE X1234
3
T A | 999 | 999 | 1908 | CAL| 510 | 015 | NEW PROBE CAL X1234
H A | a1 | 42| 11a| 97| 34| 1028 +1887 TO318  AXI | UTELTE
A=
i.l A| e8| 3 ROB 028 + 18.00 038
' A | se| 3 MSG RERUN WITH .480 PROBE 038
i—. A
if A | 999 | 999 | 1929 [CAL| 510 | 015 | FINAL CAL X1234
“ A | 888 | 888 CAL NO FINAL CAL - DATA OK X1234
¥ A | 888 | 888 CAL NO FINAL CAL - PROBE DIED | X1234
i- L .
%
i!
2
ID0S i PAGE 37 OF 43
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ATTACHMENT #5

Vs = Signal Voltage
Vr = Noise/Residual Voltage

Determiring S/N_Ratig Using Myitiogrameler Of Comouyterized Analysis

Composite Indication & TSP

A,
Bpuicad

Clean TSP

A~

Analyzed Indication

Vs

Residual (analyzed) Clean TSP

e

Vi
rmini i in ingle Fr ni
Composite Indication & Chalter Noise
Vi
R
c/ /VS
TDOS PAGE 40 OF 43
- eoo T "RYSTAL RIVER DATE: C4/10/34
UNIT #3 REV.: 1
EDDY CURRENT DATA ANALYSIS GUIDELINES DWG. 121




R, te
o BAW NUCLEAR TECHMNOLOGIE S Ve W | el

N

A

¢ BAW NOCLEAR TECHNOLOGE S e

PR
e WA T N

B ey e
ATTACHMENT #®C©

3.88 w!

LISS SCALE 28.2 vit
L1SS PHHRSE 159 deg
ax 232 degren:

AIR B—
NOISE FOTATES

HORIZONT AL
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ROLL AREA

\

8.12 TR S el e
PLUG £ND : 78
i
.22
aom ring: rezare dagreex
[row 188 o) 02 PUK LISS SOALE 28.2 vit
Channal #] vertical J88 Rhzx LISE PHASE 179 deg
INCI CRTIOM 1.14 velitz at 1.5% iachen 208 degrees
JRSI— g
NOISE FOTATEZ
HORIZONT AL
clrcumerant 13l
1
AR
HEEL
S.88l vty

TOE

RCOLL AREA

—
—

ingchat

| noe Fing:

i
‘X PLUG END

8.31 ].08 1. 84 2.22

reiere

o ——————

41 3

- - 1

———— T
v 1 .




BW

B&W NUCLEAR
TECHNOLOGIES

m———————

FREREE SRS R
i Nt o LA N .

ERE. B

AP L ROWH R O VAN -

TR aa L TR

) £ N
|4 BANW MUCLEAR TECHMOUOGHES And Wi | of M TURNEL PR (08 1

COMANE D U NN

e i

Wl h B NUCLEAR TECHMNOLOGE S U
el b P sh D Thoe NIAL

] Ra
TR Ve AN

RN

tube sheet lower

Chan=20 ~ d Win= 1
Chan 17 t_amp vpp Win=120
Chan=17 t_amp mr Win=120
Chan=17 max _rate Win= 20
Chan=17 t _amp mr Win=120
Chan=17 t_amp mr Win=120
Chan= 8 anywhere Win=120
Chan=17 t_amp mr Win=120
tube supports
Chan=20 d peaks Win= 1
Chan=17 t_amp mr Win=120
Chan=17 t_amp mr Win=120
Chan=17 t_amp mr Win=120
Chan= 8 anywhere Win=120
Chan=17 t_amp mr Win=120
Chan= 8 vert max Win= 40
free-span
Chan=20 d peaks Win= 1
Chan= 1 t_amp mr Win=120
Chan= 1 t_amp mr Win=120
Chan= 1 t_amp mr Win=120
Chan= 8 anywhere Win=120
Chan= 1 t_amp mr Win=120
Chan= 8 vert max Win= 40
tube sheet upper
Chan=20 d_peaks Win= 5
Chan=17 t_amp mr Win=120
Chan=17 t_amp mr Win=120
Chan=17 max_rate Win= 20
Chan=17 max_rate Win=120
Chan=17 t_amp mr Win=120
Chan= 8 anywhere Win=120
Chan=17 t amp mr Win=120
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volts >0.60 <1000.00

volts >0.60 <200.00 r

angle >30 <170 r

flaw >1 <100 r

(18] angle >35 <160

(3] angle >35 <150

loc >TOP SAMP +1.00 <BTM SAMP +1.00
(5] angle >35 <150

volts >0.75 «<1000.00

volts >0.75% <200.00 r

angle >30 <170 r

(3) angle >35 <160

1oc >TANG-HL =36.00 <TOP SAMP +36.00
[(19]) angle >35 <160

volts >10.00 <1000.00

volts >0.40 <1000.00

volts >0.40 <200.00 r

angle >35 <170 r

(3) angle >35 <140

loc >TANG-HL +1.00 <TOP SAMP ~1.00
(5] angle >35 <115

volts >0.00 <10.00

volts >0.60 <1000.00

volts >0.60 <200.00 r

angle >30 <170 r

flaw >1 <100 r

(19) angle >35 <160

(3) angle >35 <150

loc >AV1 =1.00 <TANG-HL -1.00
(5) angle >35 <150
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APPENDIX H

SIGNAL TO NOISE RATIO SIGNIFICANCE



SIGNAL TO NOISE RATIO DISCUSSION

The eddy current defect signal is directly related to the probe

coil's total opposition to current flow or impedance (Z). The
impedance of the circuit is determined by the inductive reactance
(X,) and the coil's resistance (R). Figure one illustrates this

relationship and how vector mechanics 1is used to determine the
phase angle of a defect signal. The phase angle of a bobbin coil
eddy current signal has traditionally been used to estimate the
percent through wall penetration of the defect. Typical
calibration standards correlate a 100% through wall indication to
a 40" phase angle. A 40% through wall indication is typically
correlated to a 130° phase angle for a 600 kHz inspection frequency.

Signal to noise ratio is the ratio of the magnitude of the signal
of interest (defect signal) to the magnitude of any undesirable
extraneous signal which occurs simultaneously. The attached figure
2 provides a vector mechanics illustration of how the wvector
produced by noise interferes with the defect signal vector and can
cause an increase in the error angle with respect to the resultant
gsignal.

Figure 3 provides a correlation between error angle as a result of
noise and the defect signal to noise ratio. As shown on figure 3,
establishing a 5:1 minimum ratio as the cutoff at which above phase
angle calls are made based on eddy current signals ensures that the
error angle affecting the defect signal is below 10° such that error
in estimation of percent through wall is less than 10%.



VECTOR MECHANICS [LLUSTRATION OF HOW
A PHASE ANGLE IS DETERMINED FOR A DEFECT SIGNAL

A

r = Defect Signal (Impedance (2))
X, = Inductive Reactance

R = Resistance

@ = Phase Angle

r = X'+ R

g « tan' (X /R)

FIGURE 1



Vector Mechanics lllustration of How Noise Signal Vector
(ar) Interferes with Defect Signal Vector (r) Producing

Resultant Signal (r1)

AT

r = Original defect signal AT
ar — Noise signai
@ = Angle between defect signal and noise signal

a = Change in phase (Error angle)

r1 = Resultant signal



Error Angle Vs Signal to Noise Ratio
for Different Values of @

60 r + for @ =170°
for @ = 140°

for @ = 110°
for @ = 90°

o)
50 e
o for@=70°
x
®

M
20-,‘\&

for @ = 40°
for @ = 10°

1 1

Error Angle & (Degrees)

Signal to Noise Ratio %‘-):\




