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 Bruce Power introduced  INPO directed DCPP to

to INPO an innovation in evaluate use of 3D
radiation shielding in printing technology in
2023. everyday applications to
» Leveraged 3D printing include 3D shielding.
technology with a « DCPP ALARA concluded
tungsten-infused filament that routine use of this
for radiation shielding technology could occur

applications. under $20,000.



* Leverage 3D printing technology in a low-
cost and repeatable manner with minimal
effort by the end-user.



DCPP RP ALARA



 Additive manufacturing * A host of printers exist

process that uses that utilize the FFF
thermoplastic material to process ranging from
create 3D objects. simple machines on
» Deposits of automatically Amazon to the industrial
arranged melted plastic machines at Raise 3D
builds a 3D object layer and beyond.
by layer. « DCPP uses the Raise 3D
« Also known as “Fused Pro3 Plus H/S and
Deposition Modeling’. Bambu X1E printers for

our project.



Procurement &
Implementation



Item Vendor Purchase Type Cost

Raise 3D Pro 3 H/S Printer Raise 3D Initial $7,599.00
Printer Materials Raise 3D Initial S3,468.87
Miscellaneous Materials Raise 3D Supplemental $4,081.37
Bambu X1E Printer Matter Hackers Initial $4,000.00
SolidWorks Software Hawk Ridge Initial $8,000.00
Tungsten Filament Virtual Foundry Initial $2,400.00
Tungsten Filament Virtual Foundry | Supplemental $6,788.97

Total $36,338.21

NOTE: Costs do not include time spent learning about software or 3D printing.




High learning curve for new
users.

Front end software appears
very expensive

Constant misalignment of
nozzles led to grinding
through multiple build
plates.

Factory misalignment of
nozzles identified after 2-
months of troubleshooting.

Routine maintenance is
required (not advertised).

» Buyer is required to perform

all maintenance.

 Vendor on-site work is

extremely expensive
(thousands for just a visit).

* Vendor support is limited to

emails and phone calls that
significantly delays printer
repair.

High cost for tungsten
filament ($800/kg-filament).

Print time and design
complexity are
proportional.



High potential for a
significant reduction of
costs/time for material use.

Easily repeatable builds
after design/product are
stabilized.

Simple process to print out
3D Objects after design
completion.

Most builds can be finished
within a 12-hour shift.

* Engineering has agreed to

re-evaluate use of shielding

on in-service systems that
use fitted shielding.

* Relatively simple
knowledge transfer and
training on printer use and
daily checks.

* Maintenance is relatively
simple after learning.
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« Sample carriers
e Source holders

 Portal monitor source
holders

* |Instrument calibration
tools.

* Probe cover for floor
frisking

e Shielded

Sample Carriers
Source Carriers
Frisker Probes
Frisker Caves (in dev)
Straight Pipes
Elbows
Tee-connections

Brackets
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Tungsten Application



Tungsten Shielding

Plastic Composite

Straight Pipe Shielding

* 4-IN length

* 0.4-IN Tungsten Filament
* 95% solid tungsten fil.

* Weight = 2.5-LB

Preshield
178 mR/hr
On Contact

Postshield
64 mR/hr
On Contact
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DCPP 3D Printing



Experience is essential for proper builds and cost
management.

Once designs are set, builds are reliably repeatable.

Routine maintenance is essential for consistent
performance.

Convenience of 3D Printing makes the effort worthwhile.

The opportunity to shield hotspots on in-service systems
is worth the effort.

Successful performance leads the way to further
enhancements in the process.
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Questions, Comments,
Recommendations?

Contact Felix Martinez at
felix.martinez@pge.com
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Transition to WANO
Method 10 for RP
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Introduction
* INPO transitioned to Method 10 on January 1512025

This change was made to align INPO and WANO
Site Collective Radiation Exposure (CRE) will be the only input to Station INPO Index
RPI will still be tracked by INPO but have no link to Station INPO Points

* Current Method - Radiation Protection Index- (RPI)
6 different inputs — Total of 100 Points
CRE — 20 Points
Previous 24 months online CRE + last outage CRE / 2 = 2yr rolling average
2 yr average < 110 Rem = 20 Points, >220 Rem = 0 Points
Dose Control (LHRA) — 30 Points
Dose Control (HRA) — 21 Points
RAM Control (PA) — 10 Points
RAM Control (RCA) — 4 Points
Contamination Control — 5 Points
RAM Shipping — 10 points
7.5 Points attributed to Station INPO Index Points
RPI >90 Points = 7.5 Station INPO Points
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Radiation Protection Index (RPI)

Radiation Protecion Index lan-24 | Feb-24 | Mar-24 | Apr-24 | May-24 | Jun-24 | Jul-24 | Aug-24 | Sep-24 | Oct-24 | Nov-24 | Dec-24
CRE Points BWR (20 Points) 18.126 | 18.000 14101 14040 | 13500 | 13989 | 14369 | 14409 | 16338 | 16281 | 16250 | 16.249
Dose Control Event Points (30 Points) 30 30 30 30 30 30 30 30 30 30 30 30
Dose Control INPO Foints (21 Points) 21 21 21 21 21 21 21 21 21 21 21 21
RAM PA Points ( 10 Points) 10 10 10 10 10 10 10 10 10 10 10 10
RAM RCA Foints ( 4 Points)
Contamination Control Events Index ( 5 Faints) 5 5 5 5 5 5 5 5 5 5 5 5
RPI RAM Shipping (10 Paints ) 10 10 10 10 10 10 10 10 10 10 10 10

RPlValue| 98.126 | 98.000 | 94101 | 94.040 | 93500 | 93989 | 943609 | 94.409 | 96338 | 96.281 | 96.250 | 96.249

RPI Paints Jan-24 | Feb-24 | Mar-24 | Apr-24 | May-24 | Jun-24 | Jul-24 | Aug-24 | Sep-24 | Oct-24 | Mov-24 | Dec-24
Unit 1 RP Index| 100 100 100 100 100 100 100 100 100 100 100 100
Unit 2 RP Index| gg1 98.0 941 940 939 940 g94.4 944 96.3 96.3 96.2 95.2

Station RP Index| gg1 99,0 97.1 970 97.0 97.0 97.2 97.2 98.2 g98.1 981 981

INPO Point Value

Unit 1 INPO Points (Max 7.5)

Unit 2 INPO Paints (Max 7.5)

Station INPO Points (Max 7.5)

—

~ Constellation.

Public



INPO Method 10

* Method 10
Only one input
Collective Radiation Exposure
Cycle CRE (Online and Outage)/ NF
= Cycle Average
Total dose for previous cycle
duration (18 months or 24 months)
Normalized by dividing cycle
duration by 12 (NF)

10 Points attributed to Station INPO Index
Points
BWRs
Cycle Average <120 Rem = 10 Points
Cycle Average >220 Rem = 0 Points
PWRs
Cycle Average <60 Rem = 10 Points
Cycle Average >80 Rem = 0 Points
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WANO Performance Indicator Index
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Radiation Protection Index (RPI)

BWR Method 10 CRE Point Calculator PWR Method 10 CRE Point Calculator
2yr Average <120 Rem = 10 Points 2 yr Average =220 Rem = 0 Points 2 yr Average <60 Rem = 10 Points 2 yr Average =120 Rem = 0 Points
Unit 1 Unit 2 Unit 1 Unit 2
Total Total Total Total
Monthhy Monthhy Monthly Monthhy
wontn | Dose | Cyee ;"UE?;‘E wontn | Dese | Cyee ?‘;tggg Montn | Dose | 2-Year '1";‘:“;: Dose | Monthly | 2-Year r1.1;tg;g
(Outage | Average Points (Outage | Average Points {Outage | Average Poi (Outage | Dose |Average .
— and and nints and Points
Onling} Onling} Onling) Onling)
Jan-24 | 0.806 77.52 10.00 Jan-24 | 4018 | 12029 | 957 Jan-24 | 0280 | 2744 | 10.00 Jan24 | 021 | 122.90 | 0.00
Feb-24 0.872 77.29 10.00 Feb-24 8.143 120.94 9.91 Feb-24 0.140 26.84 10.00 Feb-24 0.22 119.59 0.04
Mar-24 0.674 77.18 10.00 Mar-24 184.423 | 141.47 7.85 Mar-24 0.140 26.47 10.00 WMar-24 017 47.99 10.00
Apr-24 3.871 77.86 10.00 Apr-24 4.308 141.79 T.82 Apr-24 | 28.980 39.70 10.00 Apr-24 0.13 46.22 10.00
May-24 1.032 71.67 10.00 May-24 5.030 142,55 1.74 WMay-24 0.620 33 10.00 May-24 0.12 44,54 10.00
Jun-24 1.284 71.56 10.00 Jun-24 1.574 142,06 1.79 Jun-24 0.250 32.67 10.00 Jun-24 0.18 43.15 10.00
Jul-24 0.856 71.58 10.00 Jul-24 1.384 139.97 8.00 Jul-24 0.130 32.34 10.00 Jul-24 012 40.42 10.00
Aug-24 0.833 71.70 10.00 Alg-24 2.469 139.75 8.02 Aug-24 | 0.350 32.M 10.00 Aug-24 0.34 39.14 10.00
Sep-24 1.379 72147 10.00 Sep-24 1.709 127 .52 0,25 Sep-24 0.118 32.05 10.00 Sep-24 0.118 26.11 10.00
Oct-24 1.182 72.49 10.00 Oct-24 2779 127.78 0,22 Oct-24 0.232 16.68 10.00 Oct-24 0.232 26.20 10.00
Nov-24 1173 72.69 10.00 Nov-24 2.027 127.96 9.20 Nov-24 0187 16.73 10.00 Nov-24 0187 26.25 10.00
Dec-24 1.163 72.46 10.00 Dec-24 2187 127.96 9.20 Dec-24 0111 16.70 10.00 Dec-24 0111 26.20 10.00
Jan-25 1.163 T2.01 10.00 Jan-25 2917 126.90 9.3 Jan-25 0.146 16.68 10.00 Jan-25 0.145 26.22 10.00
Feb-25 1.163 71.53 10.04 Feb-25 2917 127.58 9.24 Feb-25 0.139 16.66 10.00 Feb-25 0139 26.24 10.00
Mar-25 1.163 23.01 10.00 Mar-25 2.7 128.18 9.18 WMar-25 0.132 16.67 10.00 WMar-25 0.132 26.25 10.00
Apr-25 | 127.643 76.98 10.00 Apr-25 2817 128.97 9,10 Apr-25 | 127643 | B043 3.96 Apr-25 0.126 13.57 10.00
May-25 1.163 77.02 10.00 May-25 297 128.30 917 May-25 | 1.163 B80.91 3.9 Way-25 297 3.32 10.00
Jun-25 1.163 A7 10.00 Jun-25 2.7 127.83 9.22 Jun-25 1.163 B81.40 3.86 Jun-25 2917 4.72 10.00
Jul-25 1.163 7739 10.04 Jul25 2917 128.06 9.19 Julk25 1.163 B81.93 381 Jul-25 297 6.13 10.00
Aug-25 1.163 77.34 10.00 Aug-25 2.7 128.67 9.13 Aug-25 | 1.163 8243 376 Aug-25 297 7.46 10.00
Sep25 1.183 77.35 10,00 Sep-25 297 126.35 9,36 Sep-25 | 1.163 82.91 371 Sep-25 2917 .82 10.00
Oct-25 1.163 77.39 10.00 Oct-25 2917 126.60 9.34 Oct-25 1.163 B340 3.66 QOct-25 2917 10.21 10.00
Nov-25 1.163 77.563 10.00 Nov-25 297 127.40 9,26 Nov-25 1.163 B83.92 3.61 Nov-25 2917 11.60 10.00
Dec-25 1.163 I7.79 10.00 Dec-25 2.917 127.74 9,23 Dec-25 1.163 B4.46 3.565 Dec-25 2817 13.01 10.00
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INPO Method 10 Monthly Data Requests

Month:
Statlo.n Fleet Totals
Unit
INPO Method 10 (Unit)
INPO Method 10 (Site)
RPI (Unit)
RPI (Site)
Business Plan Goals
Annual Goal 33.60 | 3.50 | 3.00 | 35.60 [ 4.00 | 50.00 | 156.00 | 177.40) 21.60 | 27.00 | 2.80 | 23.30 |192.00( 23.00 | 192.00]147.00{ 40.00 | 28.00 | 152.00{205.00) 20.00 | 1536.80
Annual Stretch Goal 0.000
Year to Date Actuals
BP Goal through the end of the current month (O.3) 0.000
Actual 0.000
Status On-track/Off-track to BP OFF | OFF | OFF | OFF | OFF | OFF OFF OFF [ OFF | OFF | OFF | OFF | OFF | OFF [ OFF | OFF | OFF [ OFF | OFF | OFF | OFF OFF
Online Emergent Dose 0.000
QOutage
Outage Business Plan Goal (Month) 0.000
Outage Stretch Goal (Month) 0.000
Outage Estimate (Month) 0.000
Outage Actual (Month) 0.000
Outage Projected Emergent (Month) 0.000
Current Month
Monthly Business Plan Goal (0.3) 0.000
Monthly Estimate (SAC) 0.000
Monthly Actual 0.000
Status On-track/Off-track to BP Goal OFF | OFF | OFF | OFF | OFF | OFF OFF OFF [ OFF | OFF | OFF | OFF | OFF | OFF [ OFF | OFF | OFF [ OFF | OFF | OFF | OFF OFF
Status On-track/Off-track to SAC Estimate OFF | OFF | OFF | OFF | OFF | OFF OFF OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF [ OFF | OFF | OFF | OFF OFF
Site Historical Best Low Dose Month Performance
Record Month 03/2022 07/2020 12/2020 08/2020 07/2020  |12/201905/2021 11/2019 10/2015 08/2016 12/2016 11/2016
Record Dose Value 0.116 0.127 0.083 0.401 1.608 0.648 | 0.047 2.508 0.841 1.893 1.336 1.594
Site Historical Best Low Dose Outage Performance
Record Refuel Outage Number A1R18 B1R24 CC2R24 C1R16 D3R25 R22 [G1R39 L1R18 Li1R18 N1R26 P3R23 Q1R27
Record Dose Year 2015 2021 2021 2016 2018 2014 | 2015 2020 2020 2021 2021 2021
Record Dose Value 16.766 17.016 38.521 16.490 69.808 90.745] 26.492 112.025 64.124 70.072 86.550 104.144
Site Historical Best Low Dose Year Performance
Record Year 2019 2021 2021 2020 2020 2014 | 2022 2020 2015 2021 2021 2021
Record Dose Value 27.152 21.518 40.506 13.217 115.000 151.9 ] 1.870 179.220 121.954 124.709 144.783 136.238
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