Committed to Nuc/ea@ Point Beach Nuclear Plant
Operated by Nuclear Management Company, LLC

November 24, 2003 NRC 2003-0112
10 CFR 50.54(f)

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555

Point Beach Nuclear Plant, Units 1 and 2

Dockets 50-266 and 50-301

License Nos. DPR-24 and DPR 27

Supplemental Response To NRC Bulletins 2001-01, 2002-01, And 2002-02 For
Reactor Vessel Head And Vessel Head Penetration Nozzle Inspection Findings

Reference: 1) Letter from Nuclear Management Company, LLC to Document Control
Desk, "Thirty-day response to NRC Bulletins 2001-01, 2002-01 and for
2002-02 for Reactor Vessel Head and Vessel Head Penetration Nozzle
Inspection Findings", dated November 15, 2002.

In the referenced letter, Nuclear Management Company, LLC (NMC), provided its
response to Bulletins 2001-01, 2002-01, and 2002-02 regarding reactor vessel head
and vessel head penetration nozzle inspection findings obtained during the refueling
outage of Point Beach Nuclear Plant (PBNP) Unit 1 that was completed on October 16,
2002 (U1R27). This response included a discussion of the inspection scope and
results, details of the non-destructive examination used, and the acceptability of the
limited ultrasonic testing (UT) examinations performed on four of the forty-nine
penetrations. '

During an additional review of U1R27 control rod drive mechanism (CRDM) ultrasonic
data by Framatome ANP in August 2003, it was discovered that in eleven (11) of the
twenty (20) CRDM nozzles inspected with the rotating probe head, probe rotational
stalling occurred that was not identified during the initial data analysis. The effect of the
probe stalling resulted in areas that were not covered by all six inspection angles
contained in the rotating head. Scans using the UT blade probes were unaffected by
this situation.
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Although undetected tool slippage occurred on a small percentage of the nozzles, the
inspections performed support the conservative engineering evaluations previously
performed and continue to provide assurance of the structural integrity of all PBNP
Unit 1 vessel head penetrations. The anaiysis in the referenced letter continues to
bound this condition.

Since this condition impacted the information that was provided in the referenced letter,
a supplemental response is proved in the enclosure to this letter.

Framatome ANP notified NMC of this condition in September 2003 and issued a
Framatome Nonconformance Report (NCR) 602883. A copy of NCR 602883 is
included with the enclosure to this letter. NMC subsequently informed the Point Beach
resident NRC inspector and NRC Region lll staff of this condition. Framatome ANP
has modified the subject tooling to prevent recurrence of this condition in future
outages. This modified tooling was deployed at PBNP during U2R26 (October 2003)
and operated appropriately.

This letter contains no new commitments and no revisions to existing commitments.

| declare under penalty of perjury that the foregoing is true and accurate. Executed on
November 25, 2003.

¢-President, Poinf Beach Nuclear Plant
anagement Company, LLC

Enclosures

cc:  Administrator, Region lll, USNRC :
Project Manager, Point Beach Nuclear Plant, USNRC
Resident Inspector, Point Beach Nuclear Plant, USNRC



o ENCLOSURE 1
PBNP Unit 1 Reactor Pressure Vessel Head and Vessel Head Penetration Nozzle
Inspection Discussion

Introduction

In the referenced letter, Nuclear Management Company, LLC (NMC) submitted its
results of inspections performed on the reactor vessel head and vessel head
penetration nozzle inspection findings during the refueling outage of Point Beach
Nuclear Plant (PBNP) Unit 1 that was completed on October 16, 2002. During an
additional review of UTR27 control rod drive mechanism (CRDM) ultrasonic data by
Framatome ANP in August 2003, it was discovered that in eleven (11) of the twenty
(20) CRDM nozzles inspected with the rotating probe head, probe rotational stalling
occurred that was not identified during the initial data analysis. The effect of the probe
stalling resulted in areas that were not covered by all six inspection angles contained in
the rotating head. Scans using the ultrasonic testing (UT) blade probes were
unaffected by this situation.

This supplemental response provides our revised evaluation of the inspection results.
Only changes to the previously reported inspection results are included in this
correspondence.

PBNP Unit 1 Inspection Scope and Results

Visual Examinations

The slipping of the Framatome ANP UT inspection tooling had no effect on visual
exams performed.

Ultrasonic Examinations

NMC to NRC letter dated November 15, 2002 discussed limitations in scanning of four
(4) of the thirty-three (33) nozzles with thermal sleeves using the UT blade probe.
These limited scans were justified to be acceptable through engineering analysis. The
slippage to the rotating tool head did not affected these scans and therefore, this
information will not be presented again.

All nozzles without thermal sleeves (16) were examined using a rotating probe UT
technique. Four (4) other penetrations were also scanned with the rotating probe
following removal of their thermal sleeves. A total of twenty (20) nozzles were
examined with the rotating probe. It is in the population of twenty (20) nozzles that the
new lack of coverage was discovered. Details on the equipment malfunction that
caused this lack of coverage are included in nonconformance report (NCR) 602883,
which is enclosed to this letter.
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During the additional review of the U1R27 CRDM examination data it was observed that
the weld profiles shown in the C-scan images were not symmetric on 11 of 20 nozzles
examined with the rotating probe. Further investigation of the images suggests that the
probe stalled during a portion of the rotation. This caused limited coverage of the
affected nozzles. Although the entire circumference was examined with at least one
transducer, not all of the six transducers in the inspection head covered the entire
circumference.

Rotating UT was performed on nozzle numbers 1, 6-9, 31-37, & 42-49. The nozzles
affected by probe stalling are 8, 31-33, 36, 37, 42, & 44-47. The unaffected nozzles
were determined not to have stalled by verifying the symmetry of the weld profile and
matching the elevations of the upper and lower edges of the J-groove weld at the
beginning and end of the scan rotation.

Nozzle 1 is in the center of the head and so there is no detectable change in the weld
symmetry because the geometry is constant around the circumference. This nozzle
was verified to have complete coverage by doing a detailed comparison of landmarks
detected at the weld fusion interface with the blade UT examination that was also
performed on this nozzle.

UT examinations and “UT leak path” were also affected in the eleven (11) nozzles. The
stall conditions resulted in some portion of the circumference where the transducers
used to make the leak path assessment were not scanned. Table 1 summarizes all
limitation in UT scans performed during U1R27. Fer the eleven (11) nozzles that had
slippage of the rotating tool, no coverage percentage is listed in the table. This
information is discussed in NCR 602883 (enclosed) due to the varying coverage
percentage by transducer.
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Table 1 A
Revised Inspection Summary

Penetration(s) | Coverage | Description
1 100% Indications of possible fabrication-related flaw indications found
through blade probe UT examination. Thermal sleeve removed
to initiate repairs. 100% rotating UT performed with sleeve
removed. Indications determined to be weld fabrication-related
with the more accurate rotating probe UT. No indications found
with confirmatory PT examination. No repairs required. Thermal
sleeve reinstalled.
2-7 100% No indications. No restrictions or limitations.
8 Tool Rotating probe tool slippage occurred. Coverage limitation
Slippage | detailed on pages 4-5 of the enclosed NCR 602883 discussion.
9-25 100% No indications. No restrictions or limitations
26 78% No indications. Limited blade probe coverage justified through
engineering analysis.
27 66% No indications. Limited blade probe coverage justified through
engineering analysis.
28 52% No indications. Limited blade probe coverage justified through
engineering analysis.
29 100% No indications. No restrictions or limitations.
30 50% No indications. Limited blade probe coverage justified through
engineering analysis. ,
31-33 Tool Very limited initial coverage using blade probe due to physical
Slippage | restrictions. Thermal sleeve removed. Rotating probe tool
slippage occurred. Coverage limitation detailed on pages 6 —11
of the enclosed NCR 602883 discussion. Nozzle 32 had weld
fabrication-related indications only. No flaw indications. Thermal
sleeve installed.
34-35 100% No indications. No restrictions or limitations.
36-37 Tool .| Rotating probe tool slippage occurred. Coverage limitation
Slippage | detailed on pages 12 - 15 of NCR 602883 discussion.
38 -41 100% No indications. No restrictions or limitations.
42 Tool Rotating probe tool slippage occurred. Coverage limitation
Slippage | detailed on pages 16 - 17 of NCR 602883 discussion.
43 100% No indications. No restrictions or limitations.
44 - 47 Tool Rotating probe tool slippage occurred. Coverage limitation
Slippage | detailed on pages 18 - 25 of NCR 602883 discussion.
48 - 49 100% No indications. No restrictions or limitations.
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Flaw Tolerance Evaluation

Circumferential cracks located in the nozzle material are the area of prime interest due
to the safety concern arising from nozzle ejection and loss of coolant accident (LOCA).
Therefore, a flaw tolerance evaluation, postulating a circumferential flaw in the region
that was not interrogated by the UT examination was performed by Westinghouse
Electric Company.

In the Letter from NMC to NRC dated November 15, 2002, a discussion of the
acceptability of an assumed 180° flaw was presented. This evaluation concluded that
the time required for a postulated 180° circumferentially oriented flaw to grow to a point
of structural instability (330°) to be approximately 25 years of operation. The evaluation
used plant specific stresses and operating temperature and the MRP-55 crack growth
rate predictions. The UT results and the cited evaluation established that there were no
concerns with the structural integrity of the vessel head penetrations (VHPs) associated
with the possibility of undetected circumferential cracking in the non-inspected areas
over at least the next operating cycle.

This evaluation bounds the lack of coverage documented in Framatome (NCR) 602883
as all nozzles with rotating tool slippage had coverage that exceeded 180°
circumferentially.

Probabilistic Evaluation

As described in the Letter from NMC to NRC dated November 15, 2002, Westinghouse
Electric Company performed a probabilistic analysis on the subject of lack of coverage.
This work determined, with at least 95% confidence, that the seven penetrations with
initial limitations in examination coverage would not produce an axial or circumferential
flaw that would exceed the assumed critical sizes over a time interval of up to 14.5
additional effective full power years (EFPYs). This conclusion was based on
conservative assumptions in average crack size, stresses influencing crack growth, and
inspections performed to date.

The results of the probabilistic analysis were then evaluated using the plant specific
probabilistic risk assessment (PRA) to determine the potential risk significance of this
activity. NMC conservatively postulated that a critical failure would lead to a medium
LOCA with an equivalent diameter of more than 2 inches. The corresponding change in
core damage frequency for this scenario was calculated to be less than 1E-6/year.
These results demonstrate a very small change in plant risk and are consistent with the
guidance contained within Regulatory Guide 1.174.

This probabilistic evaluation is still considered applicable as each of the eleven (11)

nozzles that had rotating tool slippage had coverage with at least one transducer for
100% of the nozzle circumference.
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100% Visual and Other UT Examinations

The detailed 100% UT examinations of a large majority of the CRDM nozzle and of the
reactor pressure vessel (RPV) head vent line surface areas, with no evidence of
cracking or leakage, give assurance that primary water stress cracking corrosion
(PWSCC) of the PBNP Unit 1 VHPs is not occurring. This is also evident in the results
of the 100% visual examination performed on the RPV head exterior surface.

PBNP Unit 1 Inspection Summary

In the referenced letter, NMC provided its response to Bulletins 2001-01, 2002-01, and
2002-02 regarding reactor vessel head and vessel head penetration nozzle inspection
findings obtained during the refueling outage of PBNP Unit 1, that was completed on
October 16, 2002 (U1R27).

As discussed in the previous sections, it was discovered that in eleven (11) of the
twenty (20) CRDM nozzles inspected with the rotating probe head, probe rotational
stalling occurred that was not identified during the initial data analysis. Framatome
ANP notified NMC of this condition in September 2003 and issued a Framatome
NCR 602883.

Although undetected tool slippage did occur on a small percentage of the nozzles, the
inspections performed support the conservative engineering evaluations previously
performed and continue to provide assurance of the structural integrity of all PBNP Unit
1 VHPs.

By letter dated March 3, 2003, NMC consented tc the requirements listed in NRC Order
EA-03-09, “Issuance of Order Establishing Interim Inspection Requirements for Reactor
Pressure Vessel Heads at Pressurized Water Reactors.” During the next refueling
outage for PBNP Unit 1 (U1R28 - April 2004), NMC will perform UT, PT, and visual
examinations that comply with the requirements of NRC Order EA-03-09.

The PBNP Unit 1 RPV Head is scheduled for replacement during the subsequent
refueling outage (U1R29 - Fall 2005).
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ENCLOSURE 2

Framatome ANP, NCR 602883, Revision 1 (and associated discussion)
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Do __NONCONFORMANCE REPORT
FRAMATOME ANP 5 .. -WORKING INSTRUCTION WI-9
[NCRE _Jeoze8d ] [ReVE[1 - - .. ] .-  PAGE 4 . OF 2 . .
| SECTION 1 INITIATION | -

. |conTRACT# 1221016~ —_ CUSTOMERISITE/UNIT: _NMC Pt Beach Unit 1

‘| TECHNICAL DOCUMENT# " 54-1S1-100-09° =~ - .SEQUENCE/STEP # :
DESCRIPTION OF NONCONFORMANCE/CONDITION: -~ [J QA INITIATED

During a review of CRDM ultrasonic data performed in preparatron for the Unit 2 outage, it was dlscovered that in eleven
(11) of the twenty (20) CRDM nozzles inspected with the rotating probe head, probe rotational stalling occurred that was
not identified during the initial data analysis. The effect of the probe stallmg resulted in areas that were not covered by all
six inspection angles contained in the rotatrng head. t ‘ . . . .
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DISPOSITION:

The impact of the stalled rotation of the probe has been evaluated and Is dlscussed in detall in the attachment to this NCR." It has been
determined that there Is no region of the affected nozzles that has not been examined with at least one beam direction. It has been .
shown through MRP demonstrations and empirical data from cracked nozzies that one beam direction is sufficient to detect cracking.
The rotating probe uses multiple transducers looking in both the axial and circumferential beam directions as well as straight beam and
has redundancy to allow improved characterization of detected cracks.: Rotating UT data acquired during the last MRP demonstration
for CRDM UT examination capability was evaluated using only two channels (ch2 and ch3) in order to assess the detection capability in
the limited regions where all transducers were not scanned. Each of the affected nozzles has regions where only ch3 was scanned
EPRI evaluation of the demonstratlcn results are attached and will be fonNarded to the utlh‘y S0 that the safety srgmf‘cance can be
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Perform formal tralnlng with all RV head lnspectron crew members on site prior to RV head inspections in the fall of 2003.

Document this via a PTR. Evaluate the tool design for any possibility of tool slippage and correct any issues. Complete a
SDCN to procedure 54-1SI1-100 requiring personnel to perform appropriate checks to ensure no occurrence of slippage.
Revise CRDM Data Analysis Course outline to include instruction on verifying 360 degree coverage with all transducers.’
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RESOLUTION: : -
Perform a review of all nozzle examinations performed to date using the bottom-up tool for rotating UT to determme if
other examinations are affected. Have a separate analyst perform an independent review of each nozzle to ensure

accuracy.,

[
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Dlscussron B P ;m.:,;: R

Durlng a recent review of thé Pt "Bésch; Umt 1= (U1R27) 'CRDM examination
data it was observed that the weld profiles shown in the C-scan i lmages were not
symmetric on 11 of 20 nozzles examined with* the: rotating probe mounted on the
- bottom-up. delivery tool. - Further. lnvestlgatlon of the images suggests_that the
probe stalled durlng a portion of the rotation. “This’ caJsed limited coverage of the
- affected nozzles,. Although the entire’ cnrcumfe'ence was: -examined with at-least
- 6ne transducer; net ail of the six ‘transducers in-the" lnspectron head covered the
entire circumference. The scan pattern performed for the examlnatlon ‘'was-a
" raster with the probe scanning along the.nozzle axis. to the specified scan limits

B8 and then lndexmg curcumferentrally to cover a‘fuil 360 degrees

, 1

bottom -up tool. The probe is mounted on a shaft that extends through the ‘cénter

. of the rotatlng mechanlsm and is secured to the rot:ttmg mechanlsm with a clam-
- shell type ‘clamp. tnat contalns a pin to'engage ‘a hole in the probe ‘shaft: “It - .-
..+ appears that the pin, was ‘not engaged with the: ho.e in the shaft dunng a portron .
of some scans. For a portlon of each affected scan wrthout pin; engagement the
- clam sheh provrded coupling of the shaft to the: rotatmo mechanlsm allowrng the

- shaft. to -rotate -in- the -intended - fashion- whe't coupled “The* crrcumferentlal

encodlng is linked to the ‘rotatinig mechatnism;not the probe shaft. - Because the- °

circumferential encoding was functlonlng normally, the scans executed as
-intended (-5 deg 10’385 deg.) and full ~coverage was belleved to have been '
achleved There was no problem wnth the axral encodlng " '

Upon discovery of the problem drsr‘uss-on Weére: "leld wrth the lead data analy.,t
assigned to Pt. Beach for the outage pe'formed in Qcteber 2002, to determlne if

‘these anomalies weré fioticed dunng the ‘chsite-data  analysis.”: ‘The. analyst ..
. -stated that the "anomalies: were . observed and dlscussed wnth the tooling’. .

technicians dunng the exammatron because it ‘was suspected ‘that the tool ‘had *
. stalled during rotations. - However ,when the toollng technicians mvestlgated they - -
; responded that'the tool was rotatlng properly The’ stalled condntron would only

be evident if a frictional load was applied to the head as when it was inside ‘a

nozzle.. The analyst then assumed that the anomalies were due to asymmetrlc' o

“weld conditions and that there was no- ploolem wrth the data 'l_‘hrs was an
lnaccurate assessrnent -«._; :,,\ s e S e L

—,__,-:‘ :, l .

Rotatmg UT was performed on nozzle numbers1 6 7 8 9 31 32, 33 34 35

36, 37,42, 43, 44 45, 486, 47748; and 49, The nozzles affected by probe stalllng e

are 8, 31, 32, 33 36 37 42,'4445,°46, and 47. Review of the data shows the
stall condltlon occurring near the end of the scan on nozzle 42 at 1310 hrs ‘The
scanning continued 'that same day wrth the rotatlng probe until 2137 hrs.” in that -
time span, nozzles 37, 8, 47,46, 36,7, ‘and 45 were examined (in' that order) and
all had the stall condition evident in the data display. On the next day, nozzles
35, 7, and 43 were scanned (7 was rescanned for some reason) and the stall

10f26



NCR #6028873, Rev. 1

condition was not present on any of those.nozzles. Ten days. later, after the
thermal sleeves had been removed to provide access, nozzles 31, 32, and 33
were examined between 1801 hrs and 1901. hrs. These nozzles also had the stall
condition evident i in the data. This timeline’ shows that the stalI conditions were
l|m|ted to specrf‘ ic blocks of tlme boundlng the affected nozzles :

The unaffected nozzles were determmed not to have, stalled condltrons by
verifying the symmetry, of the weld prot' le and matching. the. elevations of the
upper ¢ and lower. edges of the J-groove weld at the; beglnnlng and-end of the scan
rotation., Clrcumferentlal overlap exists. at, the _beginning and end of the scan to
allow this comparison to occur. g C e

Nozzle 1 is in the center of the head and so there is no detectable change in the
weld symmetry because the.geometry-is_constant around-the circumference.
.Thrs nozzle was ,venf‘ ed. to , have; complete coverage; by. deing. a detailed
‘companson of landmarks detected ‘at the weld: fusion mterface with the. blade UT
examlnatron that was also performed on thls nozzle.  Based on this correlation,
we can conclude that the rotatlng probe was rotatlng for the’ entlre circumference
of the nozzle. Also,. nozzle 1 was not examined in the windows' of time where the
stalling occurred. The remaining nozzles were examined with a different type of
tool using a blade probe due to the presence of thermal sleeves and are not
affected. e Y

The rotatlng probe contalned 6 transducers Five of the srx transducers are on
one side of the probe and the SIxth transducer is approxrmately 180 degrees out
from the five. Therefore, when the stalling occurred, the result was that not all of
the transducers covered. the entire circumference. The coverage obtained for
each transducer on the nozzles ‘with stalled conditions is listed in the following
tables. UTi lmages of the affected nozzles are also attached

Leak path determmatrons wrth UT were also |mpacted on the affected nozzles
The stall condltlons resulted in some portion of the circumference where the
transducers used to make the leak path assessment were not scanned. Those
limits are. listed'in the tables and are desrgnated as channel 7 for the purposes of
generatlng the graphs that show the coverage for each of the transducers.

The detectron capabrllty of the rotatlng probe was assessed on MRP mockups
The initial demonstration did not define capability on a channel by channe! basis
but rather as-an aggregate performance for all six of the active channels. In
order to determlne the |mpact of not scanning the entire circumference with each
of the. transducers the MRP demonstration data was reanalyzed separately for
‘channel 2. (30 deg TOFD) and channel 3 (60 shear looking down). These two
channels were . selected. because, between these two channels “the . entire
circumference of each of the affected nozzles was examined. The results of the
analysis of the MRP data for these channels were submitted to EPRI for
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evaluation. The EPRI repor‘ on detectlon capablllty usnng only these two
channels’i is attached oA D
Based on observat:ons from the MRP demorstratnon program lt was found that
axially aimed transducers, optlmlzed for circumferential flaw detection, also
detected flaws that were off aX|s relatlve to the beam direction. 'The degree of
this off axis orientation iwas | if: some cases up ‘to and ‘including 90°. This
de tectuon«ab:hty to observeoff axis ‘laws was-inherent:in the C|rcumferent|ally
.aimed ‘transducers as well.- The attacheo MRP demonstration results should be
consulted to-make assessn.ents ‘o ne deteetlon capablhty based on the use of

(") ’

channels 2 and 3 only. R S
; 7 ) i - R J‘ . " i '
e PR I PR A I I T

The followmg tables ldentny the opem fic- c.overage obtamed for each of 'the
affected nozzles: The UT:image-is‘alsc- attac,hed and annotated to ldentlfy the
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Nozzle 8
Area effected: = min.: max: Total:
o e s B8 182 8
TS e Bean1 “ .. % . .Probe....Limitation
Channel Degree . Direction Defects Location Start End
. . 1 0 nonnal © vol® -0 - 93 [.182 ] .
Nozzle 8 2 i 30-L.e 1 axial circ 338 71 | 160 |
' 3 - B0-S.. axial‘-‘- Ccirc. | 168 251 | 340 | '
4 45-LE | “circ '] axial | -0 93 | 182 | "
5 60-SE - - ¢irc . axial- [~ 22| 115 | 204 | -
6 60-SE |. .circ ’ axial |+ 338 71 160
7 0, 20L, 45LE Leak Path .+ | combined| '93 160

M e 1A 4 LR A .
! T AR YA oty
' ot ) ..‘ ' ., . . -t N '

The chart’ prowdes mformahon on the hannel,,beam angle beam dlrectlon
probe location within the head, and 'scan start / end points.’ In addition; the'leak
path coverage is provided. - The angular posmon of the hmltatlon is relative to the
downhill side of nozzle’ whlch equals 0 deg The.- llmntatlon values ||sted above
‘are in degrees. ST T 1

Channell

‘O AaAaNWROO~N® -]

0 . 45 90 135 "% 180 © 225 ° ..270_ . 315 360
. IR «.-«,".-" D“egrees ) . . .:’\- ,\f-,-i g DR .
IPATH HECE T - ] .
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NCR #6028873, Rev. 1

Nozzle 31

DR

Tl e tr

Area effected: min.: max: Totai:
274 360 .. .8 . :

.o .. Beam . _ ~ Probe . Limitation
Channel Degree' " * Direction - ‘Defects - Location’ - Start End
1 0 - normal vol 0 274 0
Nozzle 31 2 “30-L- - axial circ 338 252 | 338

3. 60-Sr 4 -axial +|. circ’ .}~ 158 | 72 158

4 ¢ 485-LE- cire | axial | 0 | 274:|. O

5 60-SE . cir(:“ c-axial |- 22, 296 | .22

6 60-SE. .cire: axial | ..338 | 252 | 338 |

7 0, 30L, 45LE Leak Path 1 .]combined}| 274 | 338
f";.. ‘:‘ ,,<', -
, ! ¥ _'.", ‘1. * '

The chart provrdes |nformat|on on: the channel beam angle beam dlrectlon

probe, locatlon within the head, and scan start/ end points. -

In-addition, the leak

path' coverage is provrded “The' angular posntlon of the Ilmltatlon is relatlve tothe
downhill side of nozzle WhICh equals 0 deg The lrmltatlon values lrsted above

are .n degrees

1“‘.

8 . 2 3 ,. Nozzlé 31 Coverage 4, : :
R PPIEENY T T e '
Y 4 "
| .§t4‘.“:
0 3 —

2

1=

0":A ;1:."»'. : Ktk 5l : . ’ .

J 45 90T T35 T 480° e 226 V27077 3150 360

.Degrees
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IRy
Nozzle31 *~
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Horizontal line denotes the stall area.
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Nozzle:32
Areaeffected: min.:  max: Total:.
259 .. 13- 127 - ‘
. S Beam = .. Probe Limitation |
Channel - Degree: Direction . Defects Location Start’ End [ =
1 . .0 . |.normal vol - ]:2 0 - ] 259.; 13- |«
.|Nozzle 32} 2 . 30L: v s .axial - |° circ .| 338:.. -} 237 }. 361 | .
3 | 60§ . ’,,axiaI:' —circ . |7 :158 .| 57171 | -
4 45-LE ~ | icirc--| caxial:i].. .0 - 1259 |13 | - ..
5 .60-SE " | -circ- axial [-.' 22 - | 281 ] 35
6 . 60-SE. |, circ. | axnal 338 .| 237 351-
7 0, 30L, 45LE]| - : 'Leak Path .| combined| 259 351
o ",, ',,'.,}r‘, ':_'-,.“',x : g_:*‘J‘i .».! :,>‘ . ‘,

The chart prowdes lnfonnatlon on the channel beam angle beam dlrectlon,
probe location within the head and scan start /'end pomts., In. addltlon the, leak
path coverage is prowded The angular posutlon of the limitation is relative. to the
'~ downhill: side of nozzle Wthh equals 0 deg The Ilmltatlon values ||sted above

arelndegrees Lo R TP LR , < SEET

ALt

Channel | .
O AN Wi e Ne Y|

g i

.‘ 9 .t s 90‘ -\l:‘ l‘-\.;1'35:.;: -t 3180 ‘ lll " 225<1 tf-bi"‘270- N x
o Tee - Degrees’ e e =
R YRS
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Horizontal line denotes the stall area.
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NCR #6028873, Rev. 1

Nozzle 33

Area effected: min.: max: Total:
. 115 244 129 .
e ‘,, Beam: .4 .Probe - Limitation
Channel Degree  Direction Defects Locatron "Start . End
1 0 | normal.}] .vol 0. 115 | 244 |
Nozzle 33 2 . ~30-L'~. |. axial circ 338 93..| 2221
3 60-S ‘' | axial*:|'.:icirc .| -158 | 273 | 42
4 7. 45-LE -] . circ»L- ~-axial . .. 0" - | 115-] 244
- 5 160-SE -~ [ circ. . |-vaxial- [..- 22 11371 266 | -
6 60-SE": -~} -circe: . | --'axial . 338 93-| 222.1].
7 0, 30L, 45LE 3 »rLeak Path  <-|comkbined}: 115 | 222

The chart provrdes mformatron on the channel beam angle beam drrectron
probe location within the, head and scan start /'end pornts In- addltron the leak
. path coverage is provrded The' angular posrtron of the Irmltatron is relative to the
downhill side of nozzle‘whrch equalszO dec: “The- lrmrtatron values lrsted above
are in degrees R Rt LA

g 7
'I. n L] “.l !
)-_-: . t
. . i
)
. R RN L S g A A SRR
g 2 fw_fj,‘; ‘ yozzle 33‘Coverage »
. o N B 4!. = - - {“,
7 -
6
£
2 LS
O 3. —
0 i ( | B ,
o 45 90 . Lt i B 225~"-‘ , N 74 -360
. TN e . 0 I"- e R ..
N > ~l.0’n Degrees, i .m.‘r. L T e l -" .
o I .;- .
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Nozzle 33
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[A2275:20.51:24 (nozzle

5

- ACcusonex Disp

o P N Pt
¢

-
e ey i e

8 e e -

-----
Rty

oo [N

| Doc Cltps” |

Horizontal line denotes the stall area.
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NCR #6028873, Rev. 1

Nozzlg:36

Area effected: min.: max: Total:
' e 26, ”146,..-.» 120 .- _ A
T Beam.- " ' - Probe. * Limitation
Channel Degree Dnrechom Defects: Location Start End| -
0- | normal [.. vol 0 ] 26]-146°] :
- 30-L. ¢ ) axialti|l cire-t | 338 ] 04 0] 1244 -
" 60-S .| ‘axial *| . circ-| --158: :]:184 | 304
- 45-LE" - .cire, | .axial> | - 0. -26 | 146
-60-SE | circ -, ‘axialr |t 22| 48| 168
60-SE " . cire . axial : |* -338.. 4| 124
0, 30L,45LE} . .~.LeakPath'.. |combined] 26 ‘| 124

L

Nozzle 36

~ oo a|w]n]-

A RO S “.._l. v e o

+ ;‘ HIREPREF 33 - - . . . N

[T A R Bt} ',51"_,' T SRR AU VRN ’-,5»‘ el
-.‘u-,. Pt . v, N

e
\'n .‘Gv ‘ !

The chart prondes information. on*the channel beam angle beam dlrectlon
probe location within the head, and scan start’/ end pomts In adqltlon the leak
path coverage is provnded The angular position. of the limitation is relc.tlve to the
‘downhill: side” of nozzle whlch equals«O deg‘ 'The hmltatlon valueq Iisted above

e s
i
TR H )

arein degreee % AR
& e e ik R
. : v R ]
f‘l, . j ;.. R “ i
o - : ) i ',,i‘q.'.e_a': N ,
' St 14 F VY *\‘ n». -~ '-’" : ‘
.\ ghet bl bt wh, Nozzn‘i 3860ve'rag =
.\'.-‘7 -“‘.'. N e IR T L .
6 1
- 25
8§47 |
831 .
2. v
1= .
0 a5 90

L35 180--- 225-°7-270 31577 360 |
Degrees -
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NCR #6028873, Rev. 1

Nozzle 37
Area effected: min.: max: Total:
'._}; -0 125 125 . :

: - . Beam. [ ¥ - Probe Limitation

Channel Degree~ Direction Defects 'Locatlon Start End

: . 1. 0 . normal. vol "} 0. ' 0-1.125
Nozzle 37 2. ,030-L.:. ] caxiali o} icire -+ 338:--] 3381 103 | . ,
' 3 . 60-S- . | axial #|" circit|: 158 - |:158°] 283 V' '.¢
4 - -45-LE | -circ ' :]¥-axialy e 00 .0 | 125 g
.5 60-SE” - |.~ circi|* axial : |-+ 22« -22 |.147 {7
6 * 60-SE:+ circ~'-‘ "'axial <338 ] 338 | 103 ]
- 7 0,,30L 45LE ~.Leak Path ‘Jcombinedj - 0 | 103 | ..

1 .:' [} ..“. "':': (‘.0 PR G . .
. R L N
B n' .

-The chart provndes mformatlon on the cnannel beamxangle beam dlrectlon
probe location within the: head and scan start’/ end pomts r1In addltlon the leak
path coverage is prov1ded The angular posntlon of the llmltatlon is relauve to the
downhill side of nozzle whlch equals 0 deg .The Ilmltatlon valueo Ilsted above
_ are mdegrees R A le

360
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NCR #602_8873, Rev. 1 ;
Nozzle 42
: |
Area effected:  min.: max: Total: {
N 158 ... 227. .. 69 :
. SRS ‘Beam'-"".1 .7t Probe " Limitation
Channel Degree . Dlrectlon Defects Location. Start End | .
1 |~ 0. [ normal | -vol 0 158 | 227 |
Nozzle 42| - 2 T 30-L: v |- caxial-i]. L cire 338 - [:136 | 205-]: -
' o 3 .60-S .. |  axiaby] -circt . 158 - ].316.].25 |- :
4 45-LE ccircs |0 axial- | 0 158 | 227 i
. 5 60-SE- .- circ. -} -.axial ;- 22 < | 180 | 249 '
f 6 | . 60-SE - | .circ -|i: axial- |..'338° | 136 | 205
: 7 0,30L; 45LE|.." - Leak Pathi#:v. {combined| 158 | 205 ‘
. co Lt MR Y :‘ T ‘ot . y . i

The chart provndes mformatlon on the channel beam angle beam dlrectlon

' probe location within the head, and- scan start /- end pomts In"addition; the leak.
path coverage is: provnded iThe angular posmon of the limitation is relatlve to the-
downhill side of nozzle Wthh equals 0 deg.' -The ||m|tat|on ,values hsted above'

‘

s «....un-..'
re

are |n degrees

"~

Channel
C=apPWwWAhOON®-]

o fre T Nt
o 45 90+ - 135,5;,.1805, . 225.7..,270 .1\ 315 360+ |-
l.':- V ‘ .- ’- A Degreésf.. e - .o e e e
¢4 AI‘J':i: I ¥ ) . ]
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i Nozzle 42
T T T s PCCUSONEX. msplay [Azz65'ﬁ nz 53 (Noz*'az Rotating)] |§""|""‘[rf] |

niiilimmnlf, I

il l.liii'hwsm li’Ll‘l‘lllU’;h Jl
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Horizontal line denotes the stall area.
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NCR #6028873, Rev. 1

Nozzle,44
Area effected: min.. .- max:  Total
95 184 . 89 . )
L - Beam ;. ..  Probe. Limitation
Channel- . Degree. Directlon Defects Location Start - End
_ 1 . 'Ora.:, “normal -|. - vol- 0 -] 95.}1:184
Nozzle 44| - 2 -+ 30-L. .| =axial ), cocire i 338 .|.73-]|:162
-3 . 60-S¢ .| caxial.t| . circ | - 158 | 253 | 342
4 45-LE . |-..circii. |- axial - 0 .| 95 | 184.
5 i 60-SE - | * circ - |..-axial" 22 117-]: 206
6 .. B60-SE:. | circ |- axial *].-338 | 73 | 162 | -
7 0, 30L, 45LE | ;- ‘Leak Path +| combined|- 95 162
S S T P ' :
. ,x' R e

The chart prov:des lnformatlon on the channel beam angle beam direction,
probe Iocatlon Wwithin the head ‘and scan start / end pomts 'In addition, the leak
path coverage is provnded The angular posmon of the’ Ilmltat.on is relative to the
downhill side of nozzle: Wthh equals" 0 deg The I|m|tat|on values Ilsted above
arelndegrees CCL R ER T e R

. " 8 ‘ - ' f“
7 ‘ E - )
iy L gi:: R
. < |E !
M Lo
3 i
S 3 i
2 . éi b
h i 1
1 T
0 . - . v s = N
. 0 - " 45 . g0 - . 135" - _180 . A - 225. 0 oL 270 - . 315 ..
: Degrees
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Horizontal line denotes the stall area.
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NCR #6028873, Rev. 1

Nozzle 45
- Area effected: min.: .- max: Total:i
ST T A 150 790 o
ST T Beam - “y. - Probe, Lhnnaﬁon.
Channel . Degree : Direction Defects' Location Start * End
' L 1 R * normal vol .. 0. ¢ 71 1-150-% : -
Nozzle 45] - "2 " 30-L. .| .axal ;| circ: |~ 338 | 490 [ 128 P
o 3 ' 60-St .| caxial |- reire . |r 01568 - | 229 | 308 |
v 4 45-LE~ | = circ. | axial. .|, ‘0. 71 | 150
5 - '60-SE .. -.circv i axial ) ..-22 =] 93 | 172
. B - 60-SE;- - circ ol axial N ".‘:;338 ‘|- 49-1 128
= T 0 30L 45LE Leak Path ~.. combined v:.71' - 128

" “ ] :‘ ¢ “:
1. - '

% Cd
LYY ot ,(."" Ak,

The chart provndes |nformat|on on the channel beam angle beam dlrectlon
probe Iocatlon within the head, and scan; ‘start / end ‘points.~,In addition, the: leak
path coverage is provided.: The: angular posutlon'of the I|m|tat|on is relaflve to the
downhill side’ of. nozzle. WhICh equals O‘deg The llmltatlon values hsted above
are in degrees K e Lt . !

. F

>

8y
l7 Z‘.
6 =
84
: s .
3_
o
N 2_
-~ 0 45 - 90 3 -135,77;, 180 .. 225. 1270 + -«-315 360

Degrees
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‘ ‘Nozzle 45
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Horizontal line denotes the stall area.

21 of 26




NCR #6028873, Rey. 1.

Nozzle.46

Area effected:  min.: max: Total:
NI - - ; 144 - 16

. e
PRI N I

SRR N “Beam. -l % Probe .. Limitation
Channel Degree D|rection Defects Locatlon Start End
-0 .~ |- hormal vol | . Q- 68 [-144°] -
. |y 30-L: | vaxial | circ 77338~ | 46| 122

- '60-S. | :-axial:’ circ = |'*111588 '-]:2267 ] 302 e
- 45-LE, -] :-circ | axiak [©* ‘0 0 [..68:] 144 | 1,
. 60-SE- v+« | cirC'- - caxial f]i 022 ;1190 | 166 | ..

- 60-SE.. |+ .circ i} axual ";.338 - | 46 | 122 :
0, 30L 45LE : Leak Path | combined| 687} 122

Nozzle 46 .

PYEE I R
. XN .
9 .‘ € . . N
. Tl BN
_‘v S Vo i -,’
'\. l \ .

The chart: provides mformatlor) on the channel beam angle beam dlrectlon
probe Iocatlon wnthln the heéd and scan start: A end pomts‘ In addltlon the Ieak

1

Channel NS
O = NWHAEONDON®
- -"1. 4,; .

. . - 1
ot as o e0- 135 T80 338 a70l  tatst - 360
Degrees ' '
4 Ata\ PN H 1 ¢ R t
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Horizontal line denotes the stall area.
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Nozzle 47
: Area effected: . min.: - : max: Total:
- - e -« .88 - 161 . . 106 :
' AR Beam © .. Probe~" Limitation

Channel  Degree- - Directlon Defects Location Start’ End.
’ Q9 7 normal vol- 3} . 0-., |- 55 }:161

’ 1. . M
Nozzle 47| 2. ~ 30-L::_ | axial | circ, | 338 |33 [:139 | %
S 3 i 60-3 ¢ :-axial ©o-cire. il 158 .213 1:319
4 45-LE | .circ .| v axiakh |- ..0.4.-[*:65 | 161 |
5 -7.60-SE- | circ- |- axial'i).: 220 | 77.]-183 |-
6 60-SE: | - .:circ axial.” |, 338. :|."33 | 139
7

0 30L 45LE Leak Path W 'combined - 55 139

v v )
Ny ¢ 1S

The chart prowdes |nformat|on on the channel beam angle beam dlrectlon
probe location wnthln the head and scan; start / end. pomts ‘In addltlon the leak
path coverage is provuded The angular posntlon of the' Ilmttatlon is ‘relative to the
downhill ‘'side of nozzle Wthh equals- 0 deg,::' The Ilmuatlon values llsted above
aremdegrees I T DO D

1

Channel 4
O~ NDWHOON© .

Degrees

VoL, L - v tel
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_Nozzle 47
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Horizontal line denotes the stall area.
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Bottom Up Rotating Transducer Head Configuration
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