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June 13, 2008
U. S. Nuclear Regulatory Commission Serial No. 08-00478
Attention: Document Control Desk NL&OS/MAE RO
11555 Rockville Pike Docket No. 50-336
Rockville, MD 20852 License No. DPR-65

DOMINION NUCLEAR CONNECTICUT, INC.
MILLSTONE POWER STATION UNIT 2
SUMMARY OF REACTOR COOLANT PUMP DISSIMILAR METAL WELD EXAMINATIONS

Dominion Nuclear Connecticut, Inc. (DNC) is providing herein a summary of the Millstone
Power Station Unit 2 (MPS2) reactor coolant pump Dissimilar Metal (DM) weld
examinations performed during refueling outage 18. The summary report in the attachment
to this letter provides results of an examination technique described by Relief Request
89-64 for select Class 1 piping DM welds at MPS2, (Reference DNC letters 07-0533,
08-0047, and 08-0047A dated September 27, 2007, February 18 and March 26, 2008).

Please contact Mr. William D. Bartron at (860) 444-4301 if you have any questions or
require additional information.

Sincerely,

2y

Gerald T. Bischof
Vice President — Nuclear Engineering

Commitments made in this letter: None
Attachment:  Summary of Reactor Coolant Pump Dissimilar Metal Weld Examinations

cc: U. S. Nuclear Regulatory Commission
Region |
475 Allendale Road
King of Prussia, PA 19406-1415

Ms. C. J. Sanders

NRC Project Manager Millstone

U. S. Nuclear Regulatory Commission, Mail Stop 0-8 B3
One White Flint North

11555 Rockville Pike

Rockville, MD 20852-2738

NRC Senior Resident Inspector
Millstone Power Station
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SUMMARY OF REACTOR COOLANT PUMP DISSIMILAR METAL WELD EXAMINATIONS

Eight (8) high safety significant (HSS) dissimilar metal (DM) welds located on the reactor
coolant pump (RCP) inlet and outlet reactor coolant system (RCS) cold leg piping were
examined using ultrasonic examination techniques during the recent 2R18 refueling outage.
Manual ultrasonic techniques qualified in accordance with ASME Section XI, Appendix VIII,
Supplement 10 for DM welds, as modified by the Performance Demonstration Initiative (PDI)
Program, were applied from the outside surface of the components for the examinations.

The DM welds examined consisted of the inlet nozzle (suction) elbow to safe-end welds and
outlet nozzle (discharge) safe-end to pipe welds of each RCP. The inlet elbow to safe-end
welds consists of clad ferritic steel elbow (P-1) to cast austenitic stainless steel safe-end (P-8)
with Alloy 82/182 weld material. The outlet safe-end to pipe welds consists of cast austenitic
stainless steel safe-end (P-8) to clad ferritic steel piping (P-1) with Alloy 82/182 weld material.
The applicable weld numbers for each configuration is tabulated in Table 1 along with the
figures associated with the examination coverage figures.

Table 1

Weld Number Configuration Description Coverage Plots
P-4-C-1 Inlet Eibow to Safe-End Figures 1,2, & 3
P-5-C-3 Outlet Safe-End to Pipe Figures 4,5, &6
P-8-C-1 inlet Elbow to Safe-End Figures 7, 8, & 9
P-9-C-3 Outlet Safe-End to Pipe Figures 10, 11, & 12
P-13-C-1 Inlet Elbow to Safe-End Figures 13, 14, & 15
P-14-C-3 Outlet Safe-End to Pipe Figures 16, 17, & 18
P-17-C-1 inlet Elbow to Safe-End Figures 19, 20, & 21
P-18-C-3 Outlet Safe-End to Pipe Figures 22, 23, & 24

These welds were examined under the Risk Informed Inservice Inspection (RI-ISI) Program as
Code Item Number R1.15, “Elements Subject to PWSCC.” The inner 1/3 of the weld and
adjacent base material were required to be volumetrically examined for %2” from the weld toe or
counterbore (if present) on each side of the weld. In addition to the RI-ISI Program
requirements, MPS2 applied the industry guidance contained in the Materials Reliability

Program, “Primary System Piping Butt Weld Inspection and Evaluation Guidelines (MRP-139),”
dated August 2005.

The design configuration of these dissimilar metal welds limits the volumetric examination from
the ferritic steel side of the welds. Due to the short length of the cast austenitic stainless steel

safe-ends and the adjacent safe-end to pump welds there is no access or surface to perform
any scanning from the safe-end side of the weld.
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Ali scanning of the ultrasonic search units was performed from the ferritic elbow or pipe side of
the weld using the Appendix Vill, Supplement 10 demonstrated examination procedure for DM
welds. The cast stainless steel safe-end base material portion of the examination volume is not
addressed by the Supplement 10 procedure demonstration. This portion of the examination
volume was examined to the extent possible on a “best effort” basis from the far side of the weld
using the Appendix VIII, Supplement 10 demonstrated procedure. The use of the low frequency
longitudinal wave search units, focused for the thickness being examined and with the
examination parameters of the DM weld procedure, meets or exceeds the ASME Section XI,
Appendix |l examination requirements.

The determination of examination volume coverage is addressed by region based on procedure
qualifications; 1) qualified material (Inconel weld/butter and ferritic base material) volume, 2)
best effort cast stainless steel volume, and 3) total Rl examination volume.

The coverage determination of the Appendix VIII procedure qualified materials was performed
using a conservative approach, claiming complete coverage only when both beam angles (45°
and 60°) interrogate the volume when scanning in the axial direction. Circumferential scanning
was performed by skewing the ultrasonic beam into the examination volume from the adjacent
base material to interrogate the required volume. Scanning from the weld surface was not
possible due to the tapered surface which results in loss of contact of the search unit at the
transition between the component and weld. The entire wetted surface of the Alloy 82/182
material was examined with at least one beam angle.

The coverage determination of the cast stainless steel examination volume was performed
claiming coverage of the portion of volume interrogated by at least one beam angle, either 45°
or 60° in the axial scan direction. Coverage of the far side of the weld examination volume (cast
stainless steel safe-end) is not practical when scanning in the circumferential direction through
the weld material. No coverage of the cast stainless steel examination volume in the
circumferential scan direction is claimed during these examinations.

Coverage of the entire RI examination volume is determined by combining the Appendix VI
qualified volume coverage and the Appendix Il “best effort” volume coverage.

Table 2 summarizes the examination coverage for these eight DM weld examinations. Figures
1 through 24 detail the claimed coverage of each weld and examination volume region
discussed above. Scan limitations exist on the discharge safe-end to pipe welds, which consist
of nozzle penetrations in the pipe at several circumferential locations (as described on the
applicable figures) that restrict the axial movement of the search units. The axial movement of
the search unit was also restricted by the weld taper transition at the weld toe of the discharge
DM welds, which limits the coverage of the far side cast stainless steel volume.
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Table 2
Examination Volume Coverage Summary
Appendix VIl Qualified Material/Technique Coverage | Ri
(Alloy 600 & CS Base Material) cSSs Total Risk
. Best Effort Informed (RI)
Weld # BA:;L Circumferential | Composite Wetted Coverage C\cl:\)ll:rl:ee
Directi Beam Direction | Coverage Surface 9
irection
P-4-C-1 100 100 100 100 50 80
P-5-C-3 83.8 100 91.9 100 45.9 73.1
P-8-C-1 100 100 100 100 50 80
P-9-C-3 85.5 100 92.7 100 45.9 73.6
P-13-C-1 100 100 100 100 50 80
P-14-C-3 87.2 100 93.6 100 45.9 74.5
P-17-C-1 100 100 100 100 50 80
P-18-C-3 87.2 100 93.6 100 45.9 74.5

Note: Wetted surface coverage refers to the ID surface of the Alloy 82/182 material completely
interrogated by at least one beam angle in the axial and circumferential beam directions.

In summary, no flaw indications were detected for these eight DM welds examined with the
qualified ultrasonic examination procedure, equipment and personnel.
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Weld# P-4-C-1
Appendix VIil qualified Procedure/Material Examination Coverage Calculations
(Inconel Weld Metal & Inconel Buttering and Carbon Steel Base Material)

Examination Volume Coverage
Axial Scan Direction = 100%, Circumferential Scan Direction Coverage = 100%
Composite Axial and Circumferential Examination Coverage = 100%
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Examination Performed as Detailed Above.
No examination performed from the safe-end side of the weld due to lack of scan surface due to configuration.

Figure 1
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Woeld# P4-C-1

Risk informed Examination Coverage of the Cast Stainless Steel (CSS) Base Material Examination Volume
on the Far Side of the Weld as a "Best Effort” Examination in Accordance with ASME Section X!, Appendix (1i

Composite (Axial & Circumferential Directions) of the CSS Examination Volume Coverage = 50%
Examination Performed Using ASME Section XI, Appendix Vill Qualified Procedure for the Dissimilar Metal Welds.
The Examination Techniques Used Meet or Exceed the Appendix |li Examination Requirements.
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Examination Performed as Detailed Above.
No examination performed from the safe-end side of the weld due to lack of scan surface due to configuration.

Figure 2
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Weld# P-4-C-1
Total Risk Informed (RI) Examination Volume Coverage

Examination Volume Coverage
Axial Scan Direction = 100%, Circumferential Scan Direction Coverage = 60%
Composite Axial and Circumferentail Examination Coverage = 80%
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Examination Performed as Detailed Above.
No examination performed from the safe-end side of the weld due to lack of scan surface due to configuration.

Figure 3
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Weld# P-5-C-3
Appendix Vill Qualified Procedure/Material Examination Coverage Calculations
(Inconel Weid Metal & Incone! Buttering and Carbon Steel Base Material)

Examination Volume Coverage
Axial Scan Direction = 83.8%, Circumferential Scan Direction Coverage = 100%
Composite Axial and Circumferential Examination Coverage = 91.9%

The entire Alioy 600 weld material (weld & buttering) is interogated by at least one beam angle, 45 or 60 deg. as detailed below.
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-
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z E Nozzle connections limit the axiel distance of search unit movement
°3 10 3.0" from the weld toe to the search unit exit point,
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K] in region of nozzle limitations

@ 0.65 8q. in for 12° of weid length = 7.8 cu. in.

g 4.1% of total examinaton volums

45 Degree skewad circumferential scan direction
R / 1.62 8q in. for 116~ of weid lsngth
SRR 188 cu. m. (100%)

SA-351 CFaM
Cast Stainless Steel Safe-E

F o

Axial Scan Limited for 12" of Weid Length Due to Spray Nozzle and Instrumentation Nozzle on the Pipe Side of the Weld.
The Spray Nozzle is Located @ TDC From 4" CCW TO 4" CW. The Instrumentation Nazzie is Located @ 10" CCW TO 14" CCW.

No Examination was Performed on the Upstream Side of the Weld (Safe-End) Due to the Lack of Scan Surface of the Safe-End Configuration.

Examination Performed as Detailed Above

Figure 4
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Weld# P-5-C-3
Risk Informed Examination Coverage of the Cast Stainless Steel (CSS) Bass Material Examination Volume
on the Far Side of the Weild as a "Best Effort” Examination in Accordance with ASME Section X1, Appendix 1l

Composite (Axial & Circumferential Directions) of the CSS Examination Volume Coverage = 45.9%
Examination Performed Using ASME Section XI, Appendix VIl Qualified Procedure for the Dissimilar Metal Welds.
The Examination Technigues Used Meet or Exceed the Appendix Iil Examination Requirements.
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Siainess Steel Safe-Ei

[ o=

Axial Scan Limited for 12" of Weld Length Due to Spray Nozzie and Instrumentation Nozzie on the Pipe Side of the Weld. The Spray Nozzle is Located @ TDC From 4° CCW TO 4" Cw
The Instrumentation Nozzle is Located @ 107 CCW TO 14" CCW. Howaever, the axial acan limitation does not impact the best effort examination of the far side of the waid.

No Examination was Performed on the Upstraam Side of the Waeld (Safs-End) Due to the Lack of Scan Surface of the Safe-End Configuration.

Examination Peformed as Detailed Above

Figure 5
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Weld# P-5-C-3
Total Risk Informed (RI} Examination Volume Coverage

Examination Volume Coverage
Axial Scan Direction = 84.2%, Circumferential Scan Direction Coverage = 62%
Composite Axial and Circumferentail Examination Coverage =73.1%

h-)

LE Required Examination Volume

a 4

E Croes Sectional bxamiraton Area 2
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Axial Scan Limited for 12" of Weld Length Due to Spray Nozzle and Instrumentation Nozzles on the Pipe Side of the Weid.
The Spray Nozzie is Located @& TDC From 4" CCW TO 4" CW. The Instrumentation Nozzie is Located @ 10" CCW TO 14" CCW

No Examination was Performed on the Upstream Side of the Weld (Safe-End) Due to the Lack of Scan Surface of the Safe-End Configuration.

Examination Peformed as Detailed Above

Figure 6
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Weld# P-8-C-1
Appendix Vil qualified Procedure/Material Examination Coverage Calculations
(Inconei Weld Metal & Inconel Buttering and Carbon Steel Base Material)

Examination Volume Coverage
Axial Scan Direction = 100%, Circumferential Scan Direction Coverage = 100%
Composite Axial and Circumferential Examination Coverage = 100%
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1.96 sq. in. for the entire length of weld Loy s 3
100% coverage of the total examination volume -
o0
38
3=
pu]
[7)
g
S o o0 o % 4% ¢’a" O

Examination Performed as Detailed Above.
No examination performed from the safe-end side of the weld due to lack of scan surface due to configuration.

Figure 7
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Weld# P-8-C-1
Risk Informed Examination Coverage of the Cast Stainless Steel (CSS) Base Material Examination Volume
on the Far Side of the Weld as a "Best Effort” Examination in Accordance with ASME Section X!, Appendix IlI

Composite (Axial & Circumferential Directions) of the CSS Examination Volume Coverage = 50%
Examination Performed Using ASME Section XI, Appendix VIl Qualified Procedure for the Dissimilar Metal Welds.
The Examination Techniques Used Meet or Exceed the Appendix Il Examination Requirements.
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Examination Performed as Detailed Above.
No examination performed from the safe-end side of the weld due to lack of scan surface due to configuration.

Figure 8
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Waeld# P-8-C-1
Total Risk Informed (RI) Examination Volume Coverage

Examination Volume Coverage
Axial Scan Direction = 100%, Circumferential Scan Direction Coverage = 60%
Composite Axial and Circumferentail Examination Coverage = 80%
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Examination Performed as Detailed Above.
No examination performed from the safe-end side of the weld due to lack of scan surface due to configuration.

Figure 9
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Weld# P-9-C-3

Appendix VIl Quaiifisd Procedure/Material Examination Coverage Caiculations

{Imcone! Weld Metal & Inoconel Buttering and Carbon Steel Base Material}

Examination Voiume Coverage

Axial Scan Diraction ~ 85.5%, Circumferential Scan Direction Coverage ~ 100%
C

posite Axial and Ch fi jai Examination Coverage = 82.7%

Attachment, Page 13 of 27

The entire Alioy 800 weld material (weld & buttering) is interogated by at least one beam angle, 45 or 80 deg as detailed below.
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Required Examination Volume
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coverage determined by the volume effectively interrogated by the 45
degree search unit skewed into the weld region.
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Nozzle connections limit the axial distance of search upit movement
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|

SA-351 CFaMm

Cast Stainless Steel Safe-E

45 Dagree skewed circumferential scan direction

1.62 5q. in. for 116" of weld length
188 cul. in. (100%)

Axigl Scan Limited for 8" of Weld Length Due fo Spray Nozzle on the Pipe Side of the Wek.

The Spray Nozzie is Located @ TOC From 4” CCW TO 4" CW.

No Examination was Performed on the Upstream Side of the Weld (Safe-End) Due to the Lack of Scan Surface of the Safe-End Configuration.

Examination Performad as Delailad Above

Figure 10
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Wela# P-8-C-3
Risk Inforrmed Examination Coverage of the Cast Stainiess Stee! (CSS) Base Material Examination Volume
on the Far Side of the Weid as a "Best Effort” Examination in Accordance with ASME Section Xi, Appendix Il

Composite (Axial & Circumferential Directions) of the CSS Examination Volume Coverage = 45.9%
Examination Performed Using ASME Section X1, Appendix VIl Qualified Procedurs for the Dissimilar Metal Welds.
The Examination Technigues Used Meet or Exceed the Appendix |li Examination Requirements.

100% cxamination coverage deicrmined by the cxamination volume
effectively interrogated by either the 45 and 60 degree scarch unit
Required Examination Volume in the axial beam direction, Circumferential coverage determined
by the volume effectively interrogated by the 45 degree search unit.
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§1.8% of total examination volume
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88 Volume Examined - Circumfarential Scan Direction
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Axial Scan Limited for 8” of Weid Length Due to Spray Nozzie on the Pipe Side of the Weld. The Spray Nozzle is Located & TDC
From 4" CCW to 4" CW. However, the axial scan limitation does not impact the best effort examination of the far side of the weld.

No Examination was Performed on the Upstream Side of the Weld (Sefe-End) Due to the Lack of Scan Surface of the Safe-End Configuration.

Examination Peformed as Detailed Above

Figure 11
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Attachment, Page 15 of 27

Weld# P-8-C-3
Total Risk Informed (Ri) Examination Volume Coverage

Examination Volume Coverage
Axial Scan Direction = 85.3%, Circurnferential Scan Direction Coverage = 82%
Composita Axial and Circumferentail Examination Coverage = 73.6%

Required Examination Volume

-4
Cross Sectional Examination Area -
262eq In (100%)  §
[ A
;ptm Examination Yoluma: 303.82 cu. in. {100%) é
RS 3

2
& 45 60
2
= 3
"8
5%
w
f § - 45 & 60 degres axial scan direction
U210 e te s 5% in unobsiructed region of weid.
D RRLLRS ol otete et .29 sq. in for 108" of weld Jength = 247 32 cu. in.
] & 81.4% of totai examination volume
3 q
3.00 in— JI
‘\:’T"‘W 00in
& cA 60 Deg.
w o B 45 Deg.
3 ~
2 3 Nozzle connections limit the axial distance of search unit movement
« B " t03.0" from the weld toc to the scarch it exit point.
7]
o
"’g 45 & 60 degree axial scan direction
SE ot in region of nozzie limitations
X o 1.48 sq. in for 8" of weid length = 11.84 cu. in.
g ! 3.9% of total examination volume

/

B
P
zd
68
-9 15 Degree circumferential scan direction
] i / 1,62 5q. In. for 116° of weld langth
5‘ € o003 188 cu. in. (62%)
2 ;

Axial Scan Limited for B" of Weld Length Due to Spray Nozzie on the Pipe Side of the Weid.
The Spray Nozzle is Lacated @ TDC From 4 CCW TO 4* CW.

No Examination was Performed on the Upstream Side of the Weld {Safe-End) Due to the Lack of Scan Surfacs of the Safe-End Configuration.

Examination Peformad as Detailed Above

Figure 12
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Summary of RCP DM Weld Examinations
Attachment, Page 16 of 27
Weld# P-13-C-1.
Appendix VI qualified Procedure/Material Examination Coverage Calculations
{Inconel Weld Metal & inconel Buttering and Carbon Stee! Base Material)

Examination Volume Coverage
Axial Scan Direction = 100%, Circumferential Scan Direction Coverage = 100%
Composite Axial and Circumferential Examination Coverage = 100%

| 2.20 ‘

Required Examination Volume

i - - AT N
Cross Sectional Examination Area: g\" 308
1.96 sq. n. (100%) P T

[&)
s
3

Carbon Stee! Elbow

SA-351 CF8M
Cast Stainless Steel Safe-End
N
[s:]
o

\45 Deg. i
60 Deg. AN «

B
[3¥]
~ !
- 5 2]
~ w 'g
-
%8
45 & 60 Degree axial scan direction coverage & 5
1.96 sq. in. for the entire length of weld @
100% coverage of the total examination volume g
A
o
L 2
"\ w
L &
45 Degree skewed circumferential scan direction coverage [ E §
1.96 sq. in. for the entire length of weld : &8
100% coverage of the total examination volume o s %
iy . " - 14
BRI IR R $8
b’o’o’o’o‘o’o"o%‘g‘f‘ %a ® g
3:000:0:0:0:0}:0:@ & &
I 3
o  RERRERNIRN 8

OO AR NOx
R

25

Examination Performed as Detailed Above.
No examination performed from the safe-end side of the weld due to lack of scan surface due to configuration.

Figure 13
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Summary of RCP DM Weld Examinations
Attachment, Page 17 of 27
Weld# P-13-C-1
Risk informed Examination Coverage of the Cast Stainless Steel (CSS) Base Material Examination Volume
on the Far Side of the Weld as a "Best Effort” Examination in Accordance with ASME Section X, Appendix lli

Composite (Axial & Circumferential Directions) of the CSS Examination Volume Coverage = 50%
Examination Performed Using ASME Section XI, Appendix Vi Qualified Procedure for the Dissimilar Metal Welds.
The Examination Techniques Used Meet or Exceed the Appendix Il Examination Requirements.

. 2.20 |
T
Required Examination Volume ‘,‘ﬁ o~ ‘
; 3 | z
2 = |3 o
: AR -3
348 8 £l 308 % 23
@ Cross Seclional Examination Area: R\ i _g C% 286
§  128sq.in = 100% —] 5 53
3 | i" ;:'”’ gi %jé
Ll <8
i o ‘ ‘g
. - . . 8]
R Stainless Steel Cl a1

45 & 60 Degree axial scan direction coverage
1.28 sq. in. for the entire length of weld
100% coverage of the total examination volume

SA-351 CF8M
Cast Stainless Stee! Safe-End

22500525
% e%0%0%0% % %%
o 00l

OO

)

5 % )
A [
Loy u
1 V'X é
i \ E 1}.3
45 Degree skewed circumferential scan direction coverage ' S 73
0% coverage of the total examination volume 28
a
B
3
/ N

Examination Performed as Detailed Above.
No examination performed from the safe-end side of the weld due to lack of scan surface due to configuration.
Figure 14
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Summary of RCP DM Weld Examinations

Attachment, Page 18 of 27
Weld# P-13-C-1
Total Risk Informed (RI) Examination Volume Coverage

Examination Volume Coverage
Axial Scan Direction = 100%, Circumferential Scan Direction Coverage = 60%
Composite Axial and Circumferentail Examination Coverage = 80%

= 2.20 |
Required Examination Volume ‘%\ ) 3 ’
£=3! b}
a2 2
Pl w
-§ b Y @
7 CSe'|E'tiAW§"% =3
8 ross Sectional Examination Area: A B —
348 3.24 5q. in. (100%) = 308 ¢ &8
I3 | 4 € 2.86
Q b 5 o
O £
-
n
g
__Stainless Steet Clad S :
45 Deg. N
60 Deg. NI
. ¥ ©
o 7
g w
\\\\ 2 %‘i‘g
88
45 & 60 Degree axial scan direction coverage » g
3.24 sq. in. for the entire length of weld ®
100% coverage of the total examination volume N §

45 Degree skewed circumferential scan direction coverage
1.96 sq. in. for the entire length of weld
60% coverage of the total examination volume

SA-351 CF8Mm
Cast Stainless Steel Safe-End

Examination Performed as Detailed Above.
No examination performed from the safe-end side of the weld due to lack of scan surface due to configuration.

Figure 15
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Summary of RCP DM Weld Examinations
Attachment, Page 19 of 27

Weld# P-14-C-3
Appendix Vil Qualified Procedure/Material Examination Coverage
Calculations

(Incone! Weld Metgl & Inconel ering Land Carbon Steel Base Material)
xamination Volume Coverage

Axial Scan Direction = 87.2%, Circumferential Scan Direction Coverage = 100%
Composite Axial and Circumferential Examination Coverage = 93.6%

The entire Alloy 600 weld materia! (weld & buttering) is interogated by at least one beam angle, 45 or 60 deg. as detailed below.

! 1.88in |

E B D o — 100% cxemmination coverage of the Inconel material is determined
@ 3 Bl Required Examination Volume by the examination volume effectively interrogated by both the 45
§ 5 g and 60 degree scarch units in the axial beam direction. Circumferential
29 : I coverage determined by the volume effectively interrogated by the 45
58 \ degree search unit skewed into the weld region.
32 "> . Cross Sectional Examination Area: E .
o § g 1.62 84 in. (100%) ":’2-9
& E J;},; ey Total Examination Voiume = 188 cu. in. (100%) §
—E/_V(é ? Total Weld Length = 116" ©

I | 1,00 in

45

|

45 & 60 Degree axial scan diraction coverage

for unobstructed region

1.44 3g. in. for 112" of weki length = 161.28 cu. in.
" 85.8% of total examination voiume

SA-351 CF8M
Cast Stainless Steel Safe-En:

E - 80 Deg, /
&
3 2 : . 45 Deg.
& E o Nozzle connections limit the axial distance of search unit movement
| P to 3.0" from the weld toe to the search unit exit point.
: °
” o
< § /"‘; s 45 & 60 degree axial scan direction
@ a in region of nozzie limitations
pis Y 0.65 sq. in for 4" of weld iength = 2.6 cu. in.
& . 1.4% of total sxamination volume

o
w
@
=3
58
g 45 Degree skewed circumnferential scan direction
8 E 1.62 aq. in. for 116" of weid length
st 188 cu. in. (100%)
-]
7]
_/ &

Axial Scan Limited for 4" of Weld Length Due to Instrumentation Nozzle on the Pipe Side of the Weld.
The Instrumentation Nozzle is Located @ 10" CW TO 14" CW.

No Examination was Performed on the Upstream Side of the Weld (Safe-End) Due to the Lack of Scan Surface of the Safe-End Configuration.

Examination Performed as Detailed Above

Figure 16
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Summary of RCP DM Weld Examinations
Attachment, Page 20 of 27

Weld# P-14-C-3
Risk Informed Examination Coverage of the Cast Stainless Steel (CSS) Base Material Examination Volume
on the Far Side of the Weld as a "Best Effort” Examination in Accordance with ASME Section XI, Appendix Il

Composite (Axial & Circumferential Directions) of the CSS Examination Volume Coverage = 45.9%
Examination Performed Using ASME Section XI, Appendix VIII Qualified Procedure for the Dissimilar Metal Welds.
The Examination Techniques Used Meet or Exceed the Appendix Iil Examination Requirements.

| 1.88 in |
—
T r\-"— 100% examination coverage determined by the examination volume
2 oh S . o cffectively interrogated by cither the 45 and 60 degree scarch unit
s o Required Examination Volume in the axial beam direction. Circumferential coverage determined
s 'U,‘i & g by the volume effectively interrogated by the 45 degree scarch unit.
=2
L - -
32 5,‘5 : Required Cross Sectional Examiantion Area g )
53 97sa.in. (100%) P28
.2
55 Totai Examination Volure: 112.5 cu. in. (100%) §
th
ﬁ Total Weld Length — 1167
4130 L .

3.00 in .

| 1.00 in ‘

'/

Axial scan limited et the point of loss
of contact of the search unit due to the
taper of the weld.

/ 45 & 60 Degree axial scan direction coverage
0.89 sq. in for 116" of weld length = 103.24 cu. in.
81.8% of total examination volume

8A-351 CF8M
Stainless Steet Safe-Eny

lCast

|

h-

[~

; Unable to scan from the weld crown or safe-end
s8& side of the weld due to configuration.
ol
(&3]
-~ w
23 Volume Examined - Circumferential Scan Direction
<E [ 0 cu. in. (0%)
2]

5}

%

o

Axial Scan Limited for 4" of Weld Length Due to Instrumentation Nozzles on the Pipe Side of the Weld.
The Instrumentation Nozzle is Located @ 10" CW TO 14" CW. However, the axial scan limitation does not impact
the best effort examination of the far side of the weld.
No Examination was Performed on the Upstream Side of the Weld (Safe-End) Due fo the Lack of Scan Surface of the Safe-End Configuration.

Examination Peformed as Detailed Above

Figure 17
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SA-351 TFBM

SA-351 CFBM
Cast Stainless Steel Safe-End

Serial No. 08-0047B

Docket No. 50-336

Summary of RCP DM Weld Examinations
Attachment, Page 21 of 27

Weld# P-14-C-3
Total Risk Informed (RI) Examination Volume Coverage

Examination Voiume Coverage
Axial Scan Direction = 86.3%, Circumferential Scan Direction Coverage = 62%
Composite Axial and Circumferentail Examination Coverage = 74.5%

Required Examination Volume

Cross Sectional Examination Area
2.62 5q. in. (100%)

less Stee! Safe-End

g
§ 29
8
3

45 D 60 D

45 & B0 degree axial scan direction

in unobstructed region of weld.

.29 sq. in for 112" of wekl length = 256.48 cu. in.
84.4% of total examination volume

SA-351 CFam
tainiess Steel Safe-End

I Cast S

[e———3.00 i

e fined

Q

2
g

45 Deg.

Nozzle connections limit the axial distance of search unit movement
to 3.0" from the weld toe to the search unit exit point.

45 & 60 degree axial scan direction

in region of nazzle limitations

1.48 sq. in for 4" of weld length = 5.82 cu. in.
1.9% of {otal examination voiume

o
-3
39
[]
58
- 45 Degree sh d circ tial scan direction
F g Sl 1.62 5q. in. for 116" of weld length
3= E‘ 188 cu. in. (62%)
f% ote! :l
g ORI
—1 7 %

Axial Scan Limited for 4" of Weld Length Due to Instrumentation Nozzles on the Pipe Side of the Weld.
The Instrumentation Nozzle is Located @ 10" CW TO 14" CW.

No Examination was Performed on the Upstream Side of the Weld (Safe-End) Due to the Lack of Scan Surface of the Safe-End Configuration.

Examination Peformed as Detailed Above

Figure 18
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Summary of RCP DM Weld Examinations

Attachment, Page 22 of 27
Weld# P-17-C-1

Appendix Vil qualified Procedure/Material Examination Coverage Calculations
(Inconel Weld Metal & Inconel Buttering and Carbon Steel Base Material)

Examination Volume Coverage
Axial Scan Direction = 100%, Circumferential Scan Direction Coverage = 100%
Composite Axial and Circumferential Examination Coverage = 100%

The entire Alioy 600 weld material (weld & buttering in interrogated by both beam angles, 45 and 60 degree as detailed beilow.

- 2.20 |

Required Examination Volume g

FAR e -
b4 fpcl! 3 b~ Ly
a2 ! 3 &
3 Cross Sectionsl Examination Area: |3 = 33

TOSS Sectional Examination Area. ' Canf R —

348 & 1.96 5q. in. (100%) = L A0 g &8
§ \ s E o 2.86

g ERRRIRARS o3

3 ‘ 55

: w

LRI 8

45 & 60 Degree axial scan direction coverage
1.96 sq. in. for the entire length of weld
100% coverage of the total examination volume

SA-351 CF8M
Cast Stainless Steel Safe-End

/

v 2

H 3 Lu

[ ’

45 Degree skewed circumferential scan direction coverage 5 1 = 5
1.96 sq. in. for the entire length of weld Lo :u; 3
100% coverage of the total examination volume : &
n 9

S8

X < E

) g

: 3

a® N ®

RIS &

KD
R

X %/

Examination Performed as Detailed Above.
No examination performed from the safe-end side of the weld due to lack of scan surface due to configuration.

Figure 19
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Summary of RCP DM Weid Examinations
Attachment, Page 23 of 27
Weld# P-17-C-1
Risk Informed Examination Coverage of the Cast Stainless Steel (CSS) Base Material Examination Volume
on the Far Side of the Weld as a "Best Effort” Examination in Accordance with ASME Section X|, Appendix HI

Composite (Axial & Circumferential Directions) of the CSS Examination Volume Coverage = 50%
Examination Performed Using ASME Section X!, Appendix Vill Qualified Procedure for the Dissimilar Metal Welds.
The Examination Technigues Used Meet or Exceed the Appendix Il Examination Requirements.

e——220 '
Required Examination Volume ‘\ / ’
T
2 B
2 s
w =@
348 8 53
c Cross Sectional Examination Area: °a 286
8 1.28 sq. in. = 100% 22
8 £
[ =
F:
[77]
@
<
(&}
i Stainless Steel CI .

b
c
w
¢
z0
U
58
~®
o 12 3
) \ [RARIRGHRID o]
45 & 60 Degree axial scan direction coverage ~ RN & 5
1.28 sq. in. for the entire iength of weld 7]
o, vt P o%e%e % B
100% coverage of the total examination volume / SRR N 8
~~~~~~ 92%°,
/ RS
1
i
3
i 2
[ ul
y L
\ -
\ 33
u.
6 &
]
2§
33
n
]
]
O

Examination Performed as Detailed Above.
No examination performed from the safe-end side of the weld due to lack of scan surface due to configuration.

Figure 20
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Summary of RCP DM Weld Examinations

Attachment, Page 24 of 27
Weld# P-17-C-1
Total Risk Informed (RI) Examination Volume Coverage

Examination Volume Coverage
Axial Scan Direction = 100%, Circumferential Scan Direction Coverage = 60%
Composite Axial and Circumferentail Examination Coverage = 80%

e |
I
Required Examination Volume

2

g b

8 2

i =l 3

348 g Cross Sectional Examination Area: E ld

3 3.24 sq. in. (100%) 652

g -2 286

£ w5 8 8

G g 5

@

: I B

_ __Stajnless Steet Clad ’ 55
45 Deg.
60 Deg. \
AN

E
w
&
= B
\\\ ~ U E
. S ﬁ
e 9 8
45 & 60 Degree axial scan direction coverage BRBENR X P 3
3.24 sq. In. for the entirs length of weld SRR KRR o
100% coverage of the total examinatio 005 3 2
volume e - ] ©

/

b

) ]

45 Degree skewed circumferential scan direction coverage [ 53
1.96 sq. in. for the entire length of weld Ly :LE_; 2
60% coverage of the total examination volume Lo oo
3§

Sateted £

R 35

E

U 6]

Examination Performed as Detailed Above.
No examination performed from the safe-end side of the weld due to lack of scan surface due to configuration.

Figure 21
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Summary of RCP DM Weld Examinations
Attachment, Page 25 of 27

Weid# P-18-C-3
Appendix VIl Qualified Procedure/Material Examination Coverage Calculations
(Inconel Weld Metal & inconel Buttering and Carbon Steel Base Material)

Examination Volume Coverage
Axial Scan Direction = 87.2%, Circumferential Scan Direction Coverage = 100%
Composite Axial and Circumferential Examination Coverage = 93.6%

The entire Alloy 600 weld material (weld & buttering) is interogated by at least one beam angle, 45 or 60 deg. as detailed below.

} 188in l

. . 100% examination coverage of the Inconel material is determined
Required Examination Volume by the ination volume effectively i 1 by both the 45
2 and 60 degree search units in the axial beam direction. Circumferential
& coverage determined by the volume effectively interrogated by the 45

degree search unit skewed into the weld region.

Cross

Q

1828q.in. (100%) 2.

Total Examination Volume = 188 cu. in. (100%)
Total Weld Length = 116"

w
N
Cast Stainless Steel Safe-End

| I 1.00 in

45 D

|

45 & 60 Degree axial scan direction covarage

for unobstrucied region

1.44 sq. in. for 112" of weld length = 161.28 cu. in.
2505 85.8% of total examination volume

SA-351 CFBM
Cast Staintess Steel Safe-En

Nozzle connections limit the axial distance of search unit movement
to 3.0" from the weld toe to the search unit exit point,

45 & 80 degree axial scan direction
in region of nozzle limitations

0.65 sq. in for 4" of weid length = 2.6 cu. in.

1.4% of total examination volume

SA-351 CF8M
Cast Stainless Steel Safe-End

=
o
&
z 3
5%
71 .
- 45 Degree skewad circumferential scan
a8 Kl direction
b g 2 1.62 sq in. for 116" of weld length
a 188 cu. in. (100%)
]
.4
[$]

L

Axial Scan Limited for 4” of Weld Length Due to Instrumentation Nozzie on the Pipe Side of the Weld.
The instrumentation Nozzie is Located @ 10* CCW TO 14" CCW.

No Examination was Performed on the Upstream Side of the Weld (Safe-End) Due to the Lack of Scan Surface of the Safe-End Configuration.

Examination Performed as Detailed Above

Figure 22
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Summary of RCP DM Weld Examinations
Attachment, Page 26 of 27

Weld# P-18-C-3
Risk Informed Examination Coverage of the Cast Stainless Steel (CSS) Base Material Examination Volume
on the Far Side of the Weld as a "Best Effort” Examination in Accordance with ASME Section X, Appendix llI

Composite (Axial & Circumferential Directions) of the CSS Examination Volume Coverage = 45.9%
Examination Performed Using ASME Section X|, Appendix Vil Qualified Procedure for the Dissimilar Metal Welds.
The Examination Techniques Used Meet or Exceed the Appendix Il Examination Requirements.

| 1.88 in |

100% exemination coverage determined by the examination volume
effectively interrogated by either the 45 and 60 degree search unit
Required Examination Volume in the mxinl beam direction. Circumferential covernge determined
by the volume effectively interrogated by the 45 degree search unit.

Required Cross Sectional Examiantion Aren

97 aq. in. (100%) g

w
SA-351 %F&M

Cast Stainless Steel Safe-End

Total Examination Volums: 1125 cu. in. {100%)

Carbon Steel Pipe
~

Total Weld Length - 116"

3.00 in |

I 1.001in

%5 Drg. 60 Deg.

f‘/

Axial scan limited at the point of loss
of contact of the scarch unit duc to the
taper of the weld.

45 & 60 Degres axial scan diraction coverage
0.89 8q. in for 116" of weld length = 103,24 cu. in.
91.8% of tolal examination volume

SA-351 CF8M
Cast Stainless Steel Safe-E

“/

o

E Unable to scan from the weld crown or safc-end
s 3 side of the weld duc to configuration.
o =
¥y

]
©3
88 Volume Examined - Circumfersntial Scan Direction
;S-S 0 cu. in. (0%}

3

[/}

4 E V

o M

Axial Scan Limited for 4" of Weid Length Due to Instrumentation Nozzle on the Pipe Side of the Weld.
The Instrumentation Nozzle is Located @ 10" CCW TO 14" CCW. However, the axial scan limitation does not
impact the best effort examination of the far side of the weid.
No Examination was Performed on the Upstream Side of the Weld (Safe-End) Due to the Lack of Scan Surface of the Safe-End Configuration.

Examination Peformed as Detailed Above

Figure 23
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Summary of RCP DM Weld Examinations
Attachment, Page 27 of 27
Weid# P-18-C-3
Total Risk Informed (R!) Examination Volume Coverage

Examination Volume Coverage
Axial Scan Direction = 86.3%,Circumferential Scan Direction Coverage = 62%
Composite Axial and Circumferential Examination Coverage = 74.5%

Required Examination Volume

-3
§ Cross Sectional Examination Area O
32° 2.82 8q. In. (100%) 5
g @ 29
3 g
8
3.00 in AI
\\—:,Tf"'mo in
g c, . S e -
W Coi 45 D 60 Di
2
3@
3
24
it 3 45 & 60 degree axial scan direction
5 g in unobstructad region of weld.
2.29 sq. in for 112" of weid langth = 256 48 cu. in.
84.4% of total examination voiume

ICasl

b3
i 45 Deg.
2
344 Nozzle connections limit the axinl distance of search unit movement
5 ‘8_3 to 3.0" from the weld toe to the search unit exit point.
@
3 é 45 & 80 degree axial scan direction
3 5l in region of nozzée fimitations
() 1.48 sq. in for 4" of weid length = 592 cu. in.

1.8% of tolal examination voiume

|

B

u

2
34
63
-9 e 45 Degree
2 § N Skewed circumferential scan direction
5‘ = . 1.62 sq. in. for 116" of weld length

8 188 cu. in. (62%)

OOK % %

ICaslS
K
Y.

L~

Axial Scan Limited for 4" of Weld Length Due to Instrumentation Nozzle on the Pipe Side
of the Weld. The Instrumentation Nozzle is Located @ 10" CCW TO 14" CCW.

No Examination was Performed on the Upstream Side of the Weld (Safe-End)
Due to the Lack of Scan Surface of the Safe-End Configuration.

Examination Peformed as Detailed Above

Figure 24





