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3D ALARA Work Planning Prototype

Phase 1: EPRI Dose Calc. Phase 2: Integration with Phase 3: Field Demo at Integrate w/Location
Module (alpha) Vendor Simulation Tools NPP Tracking System I
2010 2011 2012

Work with FIATECH and 3D Technology Providers to develop the next
Objective: generation ALARA and work planning tool.

. * Leverage and adapt advanced 3D technologies from other industries to
Description: enhance work planning and provide more accurate dose

estimation.

R Its to Date- » Beta version of EPRI dose rate algorithm (final in 1Q 2013), 2 vendor
eSUILS O prototypes: CSA and Siemens, validation testing completed

« Partially automate dose estimation process_ and allows for quick
Benefits: updates to dose estimates based on changing conditions

* Develop “What-if” scenarios to identify radiation field reduction
opportunities (e.g. shielding) and optimize work activities to reduce
dose
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Typical Dose Estimating Methodology

Rate hr field

* Industry is required to minimize radiation exposure to workers As Low As
Reasonably Achievable (ALARA)

mrem Time in
Local Dose |: } X rad. [hr] — Individual Worker Dose [mrem]

« Radiation Protection organization works with maintenance and work planners
to identify opportunities for dose reduction

 However, current process may not provide us with sufficient details to identify
specific steps or assess opportunities to reduce dose

e Examples:

1. Historical performance: Last time, we did it for 25 mrem so this time
we must do it for 23 mrem OR

2. Use “effective dose rate” and an “adjusted time estimate”
— 80 man-hrs X ¥ = 20 hours on job location

— Effective dose rate = total dose from last time/ total time
=2l
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Advanced Tools for ALARA Job Planning and Dose
Estimating Dose

733" + 20 @ Penetration
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S — © 2012 Siemens Product Lifecycle Management Software
Photo credit: CSA, Inc Inc. Reprinted with permissign
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Integration of Vendor Solutions with EPRI
Technology

Radiation Readings &
Coordinates.

QCQ EPRI Radiation
/D

INPUT Field Estimation '
FILE Algorithm OUTPUT
FILE

EPRI Technology: Radiation Field Estimation Algorithm

Coordinates of Possible

Areas of Radioactivity &
DoseCalclnput.csv
average energy DoseCalc.exe DoseCalcResult.csv

Pertinent Shield Data @

Receptor Calculated Dose Rates
Coordinates For Vendor Display & Use

Vendor inputs

ELECTRIC POWER
RESEARCH INSTITUTE

=Pl

© 2013 Electric Power Research Institute, Inc. All rights reserved. 6



Methodology
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e 3 step process:

1. Source Activity Calculation
2. Dose Rate Calculation
3. Estimate Uncertainty

© 2013 Electric Power Research Institute, Inc. All rights reserved.

1.

Estimate activity of virtual
source using iterative
calculation

« Reading
e Shield configuration
e Source location

Sum each source’s
gamma dose contribution
to each Receptor point

Uncertainty: Reconstruct
dose rate readings and
compare to actual input
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Laboratory Test Results

. . DoseCalculation
Inout:
“*ErarCode |-

* Dose rate survey | i I Dos
measurements (X, Y, z)

‘Tegﬁlle ECSV , .......................................................
H - H - FBun Calculation
* User identified potential L
sources, mean energy T TR
Result from TestFileE.cov 195 2 002 44999
1 195 3 003 .44996
» Worker location (X, y, z) BERDINGS _ 19 1 151885 62518
] Initial Units k4 Y 7 Calculated | | 196 2 go? 44939
1 95 mi/hr g 0 33 9427 196 3 .003 .44996
2 5.5 mRhr 3 G 4.4 5.965 197 1 151.885 .62518
EPRI Dose 3 2 mRshr 15 0 I o
4 A mRfhr 12 ] 3.3 419 198 1 151885 62518
Ra.te 5 1.8 mR/hr 16 2 25 2316 198 2 002 .44999
) WiAverDiff slope Figherit :gg 13 -1“5']1388-544922518
Algorlthm 044306 0309 0.443% 199 2 002 44999
SOURCES: 199 3 003 44996
1D ActivityEst Units A Y il heanEnenl | 200 1 151.885 62518
1] 151.8852|mCi 0 0 3.3 kG2 ggg § 33§ j:ggg
Outgut; 2| 2.37E-03|mCi g B B BE2 : :
3| 250E-03 mCi 15 1 0 GE2
. .« . RECEFTORS: ose to Receptors:
i ESUmated Source aCtIVIty 10 E}{pgsure Inits kY b iF Mote Calculated Measured
ReceptorA 5 mRBfhr 4.4 mBfhr
A 5 mRfhr ik ] 3.3 4.4 Fm{ptmﬂ 2.4 mBJhr 2.1 mB/hr
» Estimated Dose Rate at a 2 2 12 £ 23 2!

non-measured location
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Tests Using Kewaunee Data from Charging
Pump Room
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Example Results from Validation Testing Using
Data from Charging Pump Room

18.0
16.0

14.0

M Quick Survey-9

12.0

10.0 A

mrem

8.0 1

6.0 -

A

40 -
2.0 1

B Moderate Survey-19

In-Depth Survey-52

M Estimated Dose with
Measured Dose Rate

00 —

Worker 1

Job Dose Estimates

Total Dose (mRem)

Plant estimate for job 21
Job estimate using algorithm 17
Actual job dose ~15
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e Uncertainty
decreases as more
survey information
around the worker
location Is used

e Calculated dose
rates correlate
reasonably well with
measured
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Testing Using Data from RHR Valve
Maintenance Work

Dose
A Dose Rote oe ia meem [he FanoM=p Dioze Fate Faroldag Fabe
RHR VALVE GALLERY " Coordinates fees) ey Coordinates (Hes) | rereer
1 ___ Fig | x= 30.33333 112 | %= 12 91657
2 = 5325 1.2 = 55.2% 4
3 B 2= ] zZ= =57.5157
4 N G1a | x= 22.33333 Mz | x= 14 1657
¥= =5 EESEE D.E y= £4.23334 2
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[ K2 O ; -
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7 - o7 ¥= 15 1.4 ¥= £7.B3333 23
L2 —- zZ= 55225 = 38
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9 20 35 i Hia | x= 30.1666E M1d | n= 22 08333
- _— = =2 1E567 1E y= £3.23333 | 4=
10 25 olo = 5535 Z= 275533
Tl L5 Pl O
11 10 HT0/g Hi|e= 15.33333 o1 | %= 15 1EEST
12 ‘;: “”‘{gi‘:"“ ¥= 3516567 1 y= 57.23 a3
= Elbow z= 5273 z= 257 3333
13 o
G4 #7302 HE | X= 3.9 o14 | x= 21 BEEST
14 0k NA L ¥= 1544567 24 V= §7.3 21
15 & 418 Elbav Z= 357.8333 2= 363.0833
o
16 a7 a1 2 o | W= 13.00333 o7 | He= L0.50334
» = 55,75 0.E ¥= gz3zaza| 2=
17 = # 2= 5229 zZ= =50.0833
18 Ik : o @)
19 A9 Py Kia | x= 2379 P11 | %= 17.75
¥= 5325 2.3 y= £2.5E334 23
20 2= 28775 z= =5 4657
A BCDEFGHJEKELMNOPQRSTUV\VY K7 | 2= 5933333 Pz [x= 11
B » = £1.98333 0.E ¥= gzsgaza| 3=
z= S5E.4167 z= 225 0833
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Example Test Results Using RHR Valve

Maintenance Data— Pre-job Planning

» Used survey results for testing

« Enter 17 of the 18 readings and calculate last reading (repeat for all)

« Compared plant determined effective dose rate for Task 1 and Task
2 to actual survey and algorithm calculation dose rate (average of

N10, L12, K14)

Task # Task Actual Algorithm
Survey Calculated
February Average
2012 Work Area
Estimated Average Dose Rate
Effective Work Area imR/hr)
Dose Rate Do=ze Rate
(mR/hr) (ImRhr)
T1 Cut out and replace S1-351A/B 5.9 2.9 3.0
T2 FRemove and replace valve
actuators 27
Average | Kewaunee Estimated Effective
Dose Rate Average 4.3

© 2013 Electric Power Research Institute, Inc. All rights reserved.
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Enhancements

for up to 4 isotopes (e.g. 50% Co-60, 50% Co0-58)

Validation Test - Algorithm Geometry and Shielding Calculation Compared to Microshield

Originally only used mean gamma energy for plant sources
Based on utility feedback, added ability to insert isotopic breakdown

Microshield | Microshield Algorithm Algorithm
Case Microshield Results mR/hr | Results mR/hr | Results mR/hr | Results mR/hr
No. | Description | Geometry | Dimensions | Covering | Shielding Nuclides at1ft at 3 ft at 11t at 3 ft
4" diameter 6fi]
1A pipe line I8 o |4 steel none Co-60, Co-58 3507% 7794 3,688 799
4" diameter measure at 12 500 mCi each used
g away from line in Microshield 30%-
. G A" ctee 7 Ph hlankets b 7] )
1B r-ﬂpe line and miidway (36" 1/4" steel | 2 Pb blankets $0% used in 1,230 321 1,288 381
4" diameter from end) Algorithm
1C pipe line 1/4" steel | 4 Pb blankets 500 143 334 145
2A 2" valve point i | 12" steel none Cs-137, Cs-134 5194% 576 5,193 577
measure at 12 500 mCi each used
; away from point in Microshield 50%
2B 2" valve point W 12" steel | 2'steel | a0 | 948 103 941 105
source 50% used in
Algorithm
2C 2" valve point 1/2"steel | 8" concrete 732 81 773 86

© 2013 Electric Power Research Institute, Inc. All rights reserved.
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Used to estimate effect of gamma-ray shadows cast by large pipes,
tanks, lead blankets, etc.

Calculations agreed well with Microshield
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Prototype from CSA, Inc.

# Workorder Managment ol E|E|

Import File
Assign File

Change File

| Dose rﬁte stat

] Createb‘\g‘louie file

Dose rate sumary
~ Workorder: — Awtivity:

Type: |NI Type: |NI
Date from: ||:| 2. marca 2012 Date from: |D Z
Dateto: [0 2. marca 2012 Date to: ||:| 2

! Selection

| | A-Clean up/Decan ..,
wotcn | | O |ACtesodvaive |
5_&_@.‘\#11}1}?98349 i_ﬁt—Demob Old Actua... |

[kw 100796345 j | A-Demob Old Intem.. |

KWi007sEMs | | O |ADemobOWVae |

person: |/ By Level:

CSV Report by:

[ workorder [] valve Result: I:\ mR

activities [] person

with persons Export

Photo credit: CSA, Inc
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Prototype from Siemens Product Lifecycle
Management Software, Inc.

£ Proces: Simulate on Teamcenter SIEMENS S
| Bl Ot Mew Modelng Knematcs Cperatons Weld Boboics Hyman Iools Help -8 x
sriet PEESR LTS Wl oY : |
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[H [ALARA Review slpocld B R LXK G 6O Q8L | e =] p i E'nm

T3 ALARA Path Definition o X
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Transiats Step Sze: 0.10m
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o R ‘Dosemmnu'm I e
Dy Frome of Reference: o = w7 =1 = -
| Geometic center - 2 - 3 5

3| _rem | |

Posture Library - Operator

2| x| |
l -

7 - brasmgred = I

51 Stondord

crasing wa sne Graspng v
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Hands
Knseling knosinyg and
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L, W

[hoston e FLig [FLAm @ Lbemd
[ onenzton 7 Temo 7 Rl [FRAM [ Rk

owan | wmeans|  persosy

QO QGE MK 44K 33.75 0.05 F ~ 3 @)
> [Sequence Editor Jajp>__§ 10 5 2 %3 L e e R S e, e I e e S |
2= db ALARA Plan Charging Pump A- AD 1 | |
b emove motor cover ' |
O E O MHE b 3409 T ¢ & Clean inmals | | | |
3[BT 3 & Re-install pump springs | i‘_‘Ll
b Install new pump pistons [ |
| [} | [
& Re-install actuator | [ p | | |
#b Tesimanualopertions ! — I I !
dh_Install access cover [ | [
2 |
L4 L]

© 2012 Siemens Product Lifecycle Management
Software Inc. Reprinted with permission
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Uses Identified

vEnhance communication of radiological conditions to workers

— Visualize dose rate gradients for pre-job briefs
— Utilize for post-job briefs to identify improvement opportunities

vImprove accuracy and standardize dose estimating process

— Consistent approach to dose estimation
— Uses data that you already have to take!

v Improve decision-making for applying dose reduction techniques

— Optimize work activities and work flow and develop “What-if” scenarios
to further dose reduction options (e.g. impacts from shielding)

vDocument ALARA Options and Decisions for Regulatory
Compliance

v'Re-assess dose impacts from changing radiological conditions

v'Others (see report)
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Summary and Path Forward

v'Successfully designed an algorithm using typically known
radiological parameters to more accurately estimate
worker dose rates for planning purposes

v'Integrated algorithm into two distinctly different 3D vendor
simulation software packages

v'Facilitated industry input and criteria to vendor
development process

v'Final algorithm anticipated to be released by 1Q 2013

© 2013 Electric Power Researc h Institute, Inc. All rights reserve d. 17
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