‘pY |~I'° . ‘%%L’m
a %y y © O ¢
g | -
) / a
» S VAl B
Pepant "

WISCONSIN DEPARTMENT OF HEALTH SERVICES
Radiation Protection Section
Radiological Emergency Preparedness Program

RASCAL v4.2
Supplemental Training
and
User Manual

Radiological Assessment System

' for Consequence Analysis
9 9| RASCAL 4.2

Developed for the U.5. Nuclear Regulatory Commission
For more information contact:

Lou Brandon - low.brandon@nrc.gov  or
George Athey - george.athey@atheyconsulting.com

]S

Version 4.2 March 28, 2013




(This page intentionally left blank.)

Version 4.2 March 28, 2013 Page: ii



Y INs
o’

{ %
K /

st

o
as
|
E——
—
-w_a

M |

[ é

43 A

W,
P

P)
Peppnt®

WISCONSIN DEPARTMENT OF HEALTH SERVICES
Radiation Protection Section
Radiological Emergency Preparedness Program

RASCAL v4.2
Supplemental Training
and
User Manual

Prepared By:
Perry J. Manor
DHS/RPS REP Planner
Reviewed By:

Paul S. Schmidt
Section Chief, DHS/RPS

Version 4.2 March 28, 2013 Page: iii



(This page intentionally left blank.)

Version 4.2 March 28, 2013 Page: iv



TABLE OF CONTENTS

1.0 GENERAL INFORMATION ....coomiiiiiiiiiinsnmmnnnnsnnssssssssssssnsssssssssssssssssmssssssssssssssssnnnnns 1
1.1 INTENDED AUDIENCE AND PURPOSE.........coo i 1
1.2 MANUAL OBUECTIVES ...ttt e e e e e e e 2
1.3 REAL NPP INCIDENTS vs. NPP DRILLS AND EXERCISES ... 2

1.3.1 REaAlI NPP INCIAENTS ....ueiiiiiiiiiiiiiiieie s ensnsnnnnnes 2
1.3.2 NPP Drills @nd EXEICISES ....uuuuuuuuuuuriueueniiineiieunnnuenesennnnnnnnsnnnnnsnnsnnsnnsssssnnnnnnnnnnes 2
1.4 RASCAL —WHAT IS IT? (IN THE NRC’S OWN WORDS.) ..cevteeeeeeaininrneeeeeeeeeeeesneeneeens 3
1.4.1 SOUICE TEIM 10 DOSE ...uueeiiiiiiiiiiiiiitiitieieieaetee ettt eeaeeeeeeaaeaaaesssnsassnnsssnsennnnnnnnnes 3
1.4.2 Field Measurement 10 DOSE ........uuuuuuuuriiiiiiiiiiiiiiiiiiiiiiiiiiaiiaeeeeaeaaneeaseseeeneaennnnees 3
1.4.3 RASCAL’s Early Phase Dose Projection Basis..........ccccuuveeeieeiiiiiiiiiiiieeeeeen 3
1.5 RASCAL — USER CONSIDERATIONS .....oiiiiiiei et 4
1.5.1 RASCAL’s Early Phase Dose Projection Basis...........cccuuuieeieeiiiiniiiiiiieeeeeen 4
1.5.2 Initial Dose Projection Input Parameters ..............eeeveeeiiiiiiiiiiiiiiiiiiiieiiiiiiieinenens 4
1.5.3 Dose Projection Output RESUIS .....coooiiiiie e 4
1.5.4 ALARA @S @ GOl ....eiiiiiiiiiiiiiieiieeee et e e e e e 5
1.5.5 Early (Emergency) Phase ... 5
1.5.6 Intermediate PRaSe ..........uuuiiiiiiiiii s nnnnne 5
1.5.7 INQESHON PRASE ... 6
1.6 KEY RESOURCES NEEDED.......cciiiiieeeeee et 7
1.6.1 RASCAL SOftWAIE.....uuueieeiiiiiiiiiiiiiiiiieiiitiieeieeeaeaeeeaaaeeaasasasassssnsssssssssssnnnnnnnnnnes 7
1.6.2 ArcGIS Software (Google Earth if with file conversion Software).................... 7
1.6.3 Spreadsheet Software (Excel or Equivalent)...........ooooiiiiiiiiiieeeeeeen 7
1.6.4 Text File Document Software (Notepad or Equivalent) .........cccccooeeiniiieennnnn.n. 7
1.6.5 Large Format Color Printer or Plotter (11”x17” minimum capable).................. 7

2.0 RASCAL DISPLAY & DATA EXPORT FEATURES ... nssssssssnnenns 9

2.1 REVIEW OF RASCAL DISPLAY FORMATS ...ttt 9
2.1.1 RASCAL Footprint DiSPIAY ......ccceeieiiiiiiiiiieeee et e e e 10
2.1.2 RASCAL Numeric Table Display............ccceriiiiiiiiiieeee e 12
2.1.3 RASCAL Special Receptors Display ..........ceeeeeieeiuiiiiiiieee e 14

2.2 INTRODUCTION TO RASCAL DATA EXPORT OPTIONS.......coevveeeeeeeeee 15
2.2.1 GIS Shape File EXport Option .......ccccueiiiiiiieeee e 16
2.2.2 GIS Point File EXport Option .......oooeiiiiiiieeeeeee e 18
2.2.3 Text File EXPOrt OPtioN ......eeiiiiii et e e e e 20
2.2.4 Advantages to Using RASCAL Export Options .........cceeeeiiiiiiiiiiiieeeeee s 22

3.0 SETTING UP AND WORKING WITH SPECIAL RECEPTORS........cccoccmmrrirnnnnnnnns 25
3.1 THE SPECIAL RECEPTORS DEFAULT DISPLAY SCREEN .......ccoveeiiiiiiiinee. 25
3.2 CREATING SPECIAL RECEPTORS TEXT TABLES. ......cccoiieeeee e 26
3.3 DETERMINING TRUE NORTH (TN) FOR SPECIAL RECEPTORS LOCATIONS27
3.4 ARCGIS CONVERSION OF LAT/LONG TO TN POLAR COORDINATES........... 28
3.5 SPECIAL RECEPTORS TABLE STORAGE LOCATION WITHIN RASCAL......... 30
3.6 MANAGING AND MERGING SPECIAL RECEPTORS TABLES...........ccccuvvneeee. 31
3.7 SORTING SPECIAL RECEPTORS TABLES USING EXCEL.......ccciiiieiiieene 33
3.8 CREATIVE USES OF SPECIAL RECEPTORS TABLES ........oooiiiiiiieiieeeeee 35

Version 4.2 March 28, 2013 Page: v



4.0 PERFORMANCE BY PROUJECTION ......cottiiiimeerrrnnsssrnssssss s ssssssssssssssssssssnsssssssss 37

4.1 SOURCE TERMS - THE FUEL OF THE PROJECTION ENGINE ........................ 37
4.1.1 Desired Dose Projection Outcomes Impact on Scenarios............cccuvveeeeeennn. 37
4.1.2 Determining a Workable ST for an Ingestion Scenario .........c.coeeccvvieveeennn.n. 38

4.2 SOURCE TERM TO DOSE (STD) PROJECTION VALUES ........cooiiiiieeieeeene 40
4.2.1 RASCAL Dose Projection Values.........ccuuueiieiieeeeeeeiiieeeeee e 40
4.2.2 Source Term Impact on Evacuation/Relocation Dose Projections................. 41

4.3 DEVELOPING INITIAL SAMPLING STRATEGIES FROM PROJECTIONS ........ 43
4.3.1 Relating Dose Projections Boundaries to Exposure Rates .............eevvvevnnnnees 44
4.3.2 Simple Alternatives to Defining Boundaries Using Exposure Rates.............. 49

5.0 DEVELOPING PPX/IPX DATA AND MAP RESOURCES...........ccccccvmmmmmmrrrrrnssnanns 51

5.1 FIELD TEAM SUPPORT RESOURCES ... 51
5.1.1 Plume Map Expressed in mR/hr Values...........ccccuiiiiiiiiiiiiiiiiee s 51
5.1.2 Steps to Develop and Export RASCAL Plume Data.........cccccovvveeeeeeeeeeeennnn. 52
5.1.3 Plume Field Data Developed for Pre-Defined Sampling Points.................... 54

5.2 POST PLUME FLYOVER RESULTS ....ooiiiiiiiiiee e 59
5.2.1 Typical Flyover Map Expressed in Closed Window mR/hr Values................ 59
5.2.2 Producing the Closed Window Exposure Rate Flyover Data Set.................. 60
5.2.3 Creating “FIyover Maps”..... .ot 61
5.2.4 APPHICADINILY ..coeeeieeeeeeeeeeeeeeee e 63

5.3 INGESTION DEPOSITION PROJECTIONS & FIELD RESULTS.......c.ceoiiiieeene 64
5.3.1 Primary Ingestion Projection Maps of Interest...........coooooviiiiiii. 64
5.3.2 Post Plume 1-131 “Day 0” Deposition Projection RASCAL Footprint............. 64
5.3.3 Post Plume I-131 “Day 0” Deposition Projection GIS Map ........ccccceveeeeeeenees 65

6.0 FIELD MEASUREMENT TO DOSE (FMD) MODULE .......ccccmiiieeeciceemceeenreeeesnsnns 67

6.1 EPA-400-R-92-001 DOSE AND DRL CALCULATION METHOD...........ccccuvveneeee. 67

6.2 FIELD MEASUREMENT TO DOSE (FMD) CALCULATION METHOD ................ 68

6.3 CALCULATION RESULTS COMPARISON OF EPA vs. FMD METHODS........... 70

6.4 THE TIME AFTER SHUTDOWN ISOTOPIC RATIOS WORKSHEET .................. 71

APPENDICES........ccccioommrnriiiinissssssn s ssssss s s smm s s s s s e s n s s mmmmnnn s s e e e nnnssnn 73

APPENDIX A. VALIDATING STD RELOCATION PROJECTION MR/HR VALUES.... 73
A.1 Purpose of the STUAY: ... 73
A.2 INVeStigatiVe PrOCESS: . ..ot 73
A.3 Summary of fiINAINGS: ..cceeiiiieee e 73
A.4 RASCAL STD Case SUMMANY.....ccouiiiiiiiiiiiiiieieaaa e e ee e e e essseeeeeee e 74
LN TS To 8 o= T I =T o o SRR 75
ALB SCrEEN IMAGES. ... eeeeeiiiiei ettt e e e e e e e e neeeeeeaeeeas 75

APPENDIX B. SAMPLE FIELD TEAM CONTROLLER DATA & MAP SETS............... 79

APPENDIX C. PRE-LOADING METEOROLOGICAL INFORMATION AND DATA....87
C.1 RASCAL’s Meteorological Data Processor Program Screen.........ccccceeeeeeennnees 87
C.2 RASCAL’s Meteorological Data Processor Initial Data Entry Screen .............. 87

APPENDIX D. MOVING THE SOURCE TERM NUCLIDE TABLE TO EXCEL ........... 89
D.1 RASCAL'’s Source Term Nuclide Data Table.........cccooeeeeeiiiiiieieeeeeeeeeeeeeeeeeee, 89
D.2 Source Term Nuclide Data “Pasted” into EXCel ..........cooiiiiiiiiiiiiiiiiiieeee 90

Version 4.2 March 28, 2013 Page: vi



ACRONYMS, DEFINITIONS AND REFERENCES

ACRONYMS ...t e e s e e e e e e s e e e e e e e e anneeeeanes
DEFINITIONS ...ttt e s e e e e s
REFERENCES

Version 4.2 March 28, 2013 Page: vii



LIST OF FIGURES

Figure 2.1 RASCAL Detailed Results Screen Showing Display Formats..........ccccccovviiinnnen. 9
Figure 2.1.1-1 Typical RASCAL Footprint Display Format..........ccociiiiiiiiiiiiiieee e 10
Figure 2.1.1-2 Substitute Map for the RASCAL Footprint Display..........cccooviiiiiieeeiniinnnnn. 11
Figure 2.1.1-3 Display of Plume Impacted Areas Values..........cccccceeiiiiiiiiiieiee e, 11
Figure 2.1.2-1 RASCAL Numeric Table Display Format...........cccoveeiiiiiiiieeeee e, 12
Figure 2.1.2-2 Numeric Table Cell - Exposure Rate Information............ccoceeiiniiiiciniinnnn. 13
Figure 2.1.2-3 Numeric Table Cell - Nuclide Deposition Information...............cccoeeerrinnneen. 13
Figure 2.1.3 RASCAL Special Receptors Display Format...........cccccoeiiiiiiiiiiiinniiiiiiieee, 14
Figure 2.2 Table of Export File Options & Associated Display Formats.........ccccccvvviininnen. 15
Figure 2.2.1-1 GIS Shape File Export Results Option..........cccuuueiiiiiiiiiiiiee e 16
Figure 2.2.1-2 GIS Shape File Export FileSave Option.............ueivviiiiiiiiiiieeeee e 16
Figure 2.2.1-3 GIS Shape Files Exported for GIS USe........cccuviiiiiiiiiiii 17
Figure 2.2.2-1 GIS Point File Export Results Option...........coceiiiiiiiiiiee e 18
Figure 2.2.2-2 GIS Point File Export FileSave Option ... 18
Figure 2.2.2-3 GIS Point File Exported for GIS USe€..........ccoiiiiiiiiiiiieeieee e 19
Figure 2.2.2-4 Point File and Text File GIS Exported Data Content............ccccooeiieeeiniinnenn. 19
Figure 2.2.3-1 Text File Export Results Option .........coocuiiiiiiiiieiee e 20
Figure 2.2.3-2 Text File Export FileSave Option ... 20
Figure 2.2.3-3 Text Files Exported for GIS US€ ........ccoiviiiiiiiiiiiii e 21
Figure 2.2.3-4 Text File Export of Special Receptors Data Content............ccccceeeiiiiiiiiinneen. 21
Figure 2.2.4-1 RASCAL'’s Three Export Choice Options............ceevviiiiiiiiiiiiiiiieee e 22
Figure 2.2.4-2 RASCAL'’s Three Export FileSave Options..........ccccvviiiiiiiiiieenee i, 23
Figure 3.1 Default Special Receptors Display SCreen ..........ccceeiiiiiiiiiiniiieee e 25
Figure 2.3.3-1 Text File Export Results Oplion ..o 27
Figure 2.3.3-2 Text File Export FileSave Option ..o 27
Figure 3.3-1 Text Files Exported for GIS USE ........cooiiiiiiiiiiieiec e 27
Figure 3.3-1 Depiction of True North Direction and Angles.........cooooeiiiiiiiiiiieiiieee, 27
Figure 3.3-2 Table of Sectors and ANGIES.........c..uuiiiiiiiiiie e 27
Figure 3.4-1 Traditional GIS Polar Coordinate System ..........ccccceeiiiiieiiiiiiee e 28
Figure 3.4-2 True North Bearing Coordinate System ..., 29
Figure 3.5-1 Pt. Beach Special Receptors Table Storage Folder Location .............ccuueeeee. 30
Figure 3.5-2 Individual NPP Special Receptors Site Folders ..., 30
Figure 3.6-1 Pt. Beach Pre-Defined Special Receptors Tables .........cccoocveeiiiiiiiieiiiiineenn. 31
Figure 3.6-2 Text File Merging Process Steps Images .......occveeeeeereeei e 32
Figure 3.7-1 Excel Text File Import Screen —Step 1 ..o 33
Figure 3.7-2 Excel Text File Import Screen —Step 2 ......oovoiiiiiiiiee e 33
Figure 3.7-3 Excel Unsorted and Sorted Text Files ... 34
Figure 3.7-4 Excel Table Row Moving by Cutting and Pasting ...........cooccuviieeeeneiiniiiiieen, 34
Figure 3.8-1 Examples of Special Centerline Text Files ........c...uvieveiiiiiiiii i, 35
Figure 3.8-2 Examples of Special Data Array Text Files. ..., 36
Figure 4.1.2-1 1-131 DRL Deposition Concentration Verification - NT............ccccoveeiiiinnen. 38
Figure 4.1.2-2 I-131 DRL Deposition Concentration Verification - SR............c.cccoceeiiiineeen. 39
Figure 4.2.1 RASCAL Dose Projection Values - Core Damage ......cccevveeveeeeereeeeeeeeicieeeee. 40
Figure 4.2.2-1 RASCAL Dose Projection Values - MonMixXtures..........ccccveeeeiniieeeeeniineenn. 41
Figure 4.2.2-2 ST Nuclide List - Core Damage SCenario .........cccceveeeeeieecceiiiieeee e 42
Figure 4.2.2-3 ST Nuclide List - Monitored Mixtures Scenario .............occccueeeereeeeeeeiiceneeen. 42

Version 4.2 March 28, 2013 Page: viii



Figure 4.3 Initial Dose Projections - Core Damage SCenario ........ccccoovvvviieieeeeeei e 43

Figure 4.3.1-1 Initial Dose Projections - PAGs Exceeded Ranges..........cccccceveeeiiiiiiiinnenn. 44
Figure 4.3.1-2 Finding Boundary Values - Display Screen Setup .........ccccuveeeeeeiiiiiniiinnnen. 45
Figure 4.3.1-3 Finding Boundary Values — Numeric Table Results.............coooeeiiiiiiinenennn. 45
Figure 4.3.1-4 Associated Exposure Rate - Display Screen Setup ........cccoeeveiiiiieeeiiiinnenn. 46
Figure 4.3.1-5 Associated Exposure Rate - Numeric Table Cell Results ...........ccccccevneeeee. 46
Figure 4.3.1-6 Exposure Rate - Numeric Table Highlighted Results............cccccceiiiiiiiinnen. 47
Figure 4.3.1-7 Exposure Rate - Special Receptors Location Results...........ccccoccvveeeiiiinnnen. 48
Figure 4.3.2-1 Exposure Rate - Exponential vs. Linear Boundary Methods........................ 49
Figure 5.1.1 GIS Plume Map Expressed in mR/hr Values ...........cccceiiiiiiiiiieiine e, 51
Figure 5.1.2-1 Detailed Results Setup For Open Window mR/hr Values.............coouunnneee. 52
Figure 5.1.2-2 Time Specific Numeric Table Open Window mR/hr Values......................... 53
Figure 5.1.3-1 Time Correlated Plume Field Team Data Table..........ccccoocvieiiiiiieciiiinenen. 54
Figure 5.1.3-2 Time Correlated Field Team Data Table w/ Import Columns.............cc.ee.... 55
Figure 5.1.3-3 Beta Particle Travel Distances in Air Based on Energies............ccceeeeeeeennn. 56
Figure 5.1.3-4 Beta Particle Energies Ratio Estimator Spreadsheet...........ccccooeeiiiiiinnnnee. 57
Figure 5.1.3-5 Pre-Plume, Plume and Post-Plume Open Window Readings...................... 58
Figure 5.2.1 Flyover Map Expressed in Closed Window mR/hr Values ............ccoceeevineen. 59
Figure 5.2.2 RASCAL Closed Window mR/hr Exposure Rate Test Image............cccuvueeee. 60
Figure 5.2.3-1 Map Using “Natural Neighbor” Interpolation Function. ...........cccccccooviiininneen. 61
Figure 5.2.3-2 Hand-Sketched Line Bisecting the Data Image. .........coooeviiiiieeniiiiiiiiee, 62
Figure 5.2.3-3 Gray 350 Foot Buffer on “Flight Path” (shown in black). ..........cc.cccoonnnien. 62
Figure 5.2.3-4 Completed “Flyover Map” Product, with the disclaimer...........cccccccoviininneen. 63
Figure 5.3.2 Post Plume 1-131 “Day 0” Deposition Projection Footprint...........cccceeeeeieiennnn. 64
Figure 5.3.3 Post Plume 1-131 “Day 0” Deposition Projection GIS Map........cccccceeveiinennneen. 65
Figure 6.1 EPA Spreadsheet Method for Calculating Doses and DRLS.........cccccceeeeiiinnneeee. 67
Figure 6.2-1 FMD Module Nuclide Data Input SCreen ..........ccceeeiiiiiiiieiiiieee e 68
Figure 6.2-2 FMD Module Relocation Dose Calculations Values.............ccccceviiiieeeiniinnnn. 69
Figure 6.2-3 FMD Module Relocation DRL Values in mMR/Nr.........occoiviiiiiiiiiiieceen 69
Figure 6.3 Comparison Table of EPA vs. FMD Calculation Results.............cccocoieeiininnenen. 70
Figure 6.4 Cs-137* to LWR Nuclides Ratio Calculation Spreadsheet ...........ccccccoviiinnnnen. 71
Figure A.6-1 RASCAL STD Maximum Dose Values Screen...........ccccveevecieeeiiiciieec e, 75
Figure A.6-2 Numeric Table Closed Window Exposure Rate at 7 Miles ..............ccoounnneee. 76
Figure A.6-3 Nuclide Deposition Concentrations at 7 Mile Centerline Distance.................. 76
Figure A.6-4 FMD Intermediate Phase Dose Calculation - All Nuclides.........ccccceeeeennneeee. 77
Figure A.6-5 FMD Intermediate Phase Relocation DRL Calc. - All Nuclides....................... 77
Figure A.6-6 FMD Intermediate Phase Dose Calculations - 15 Nuclides .........ccccceevennneee. 78
Figure A.6-7 FMD Intermediate Phase Relocation DRL Calc. - 15 Nuclides....................... 78
Figure B.1 Exposure Rate Data and Map for 12:15-12:30 Time Frame.........ccccccvvviinnnneen. 79
Figure B.2 Exposure Rate Data and Map for 12:30-12:45 Time Frame........cccccccoovviinnnneen. 80
Figure B.3 Exposure Rate Data and Map for 12:45-13:00 Time Frame.........ccccccoeviiivnnnen. 81
Figure B.4 Exposure Rate Data and Map for 13:00-13:15 Time Frame.........ccccccovviinnnneen. 82
Figure B.5 Exposure Rate Data and Map for 13:15-13:30 Time Frame.........cccccccoviinnnnnn. 83
Figure B.6 Exposure Rate Data and Map for 13:30-13:45 Time Frame.........ccccccoevinnnnen. 84
Figure B.7 Exposure Rate Data and Map for 13:45-14:00 Time Frame.........cccccccovviinnnneen. 85
Figure C.1 RASCAL’s Meteorological Data Processor Program Screen........cccccoeeeeeeeeneeee. 87
Figure C.2 RASCAL’s Meteorological Data Processor Initial Data Entry Screen ................ 87
Figure D.1-1 RASCAL’s Source Term Nuclide Data Table ..........cocccveiiiiiiiiiiniieee e 89
Figure D.1-2 RASCAL'’s Highlighted Source Term Nuclide Data Table .........cccccccoviiininnen. 89
Figure D.2 Source Term Nuclide Data “Pasted” into EXcel ..o, 90

Version 4.2 March 28, 2013 Page: iX



(This page intentionally left blank.)

Version 4.2 March 28, 2013 Page:



1.0 GENERAL INFORMATION

1.1 INTENDED AUDIENCE AND PURPOSE

This manual is a supplemental training and user manual, to the basic RASCAL v4.2
workbook currently provided to participants at Nuclear Regulatory Commission (NRC)
RASCAL training courses, specifically focused to highlight and instruct Radiological
Emergency Preparedness (REP) staff on the newest features of RASCAL v4.2 not
presently covered or covered in depth in the formal NRC classes.

It is intended for use by REP response personnel with a particular emphasis on
maximizing the use of RASCAL’s projection capabilities beyond solely evacuation
protective action recommendation (PAR) development and protective action decision
(PAD) implementation. RASCAL v4.2 extended features significantly improve support
for the REP exercise designer/developer’s ability to efficiently create the key data and
map resources needed to effectively support both biennial Plume Phase Exercise
(PPX), 3R (re-entry, relocation and return) extended play, and periodic Ingestion
Phase Exercise (IPX) demonstration mandates.

This manual is a stand-alone training resource designed with self-study as the primary
mode of instructional delivery, but can also be used as the basis for a formal training
class on the extended RASCAL v4.2 methods outlined herein. It is assumed however
that the student of this material has either completed the NRC’s basic RASCAL
training course or is functionally familiar with the use of RASCAL.

With the publication of RASCAL v4.2 come features which can strengthen the
emergency response community’s ability to project, quantify, track and evaluate
potential environmental radiological risk to the general population (GP) should a
radiological incident occur at a NPP facility.

The main focus of this manual is on highlighting and demonstrating the use of these
new features, but will also include, as needed, references to some of the associated
common functions found in the basic RASCAL training course.

This manual is intended to provide detailed guidance in using RASCAL v4.2
specifically, and is not to give complete guidance in all areas of REP planning.
However, by utilizing the ideas outlined here, REP personnel should be able to
produce resources which increase the chance of meeting federal mandates for annual
training, pre-exercise PPX and/or IPX scenario approval, and also increase the chance
for desired positive evaluated exercise performance success. From this point forward
throughout the manual RASCAL v4.2 will simply be referred to as RASCAL.

The manual assumes organizations responsible for REP training, response and drill
and exercise design and development will have the necessary personnel, equipment
and graphic information system (GIS) software resources to carry out these described
processes and procedures.

This manual should be of benefit to both novice and experienced REP staff, but is a
work in progress. The author is very much interested in the evaluation of the manual’s
content and application utility, and sincerely desires feedback from those who choose
to review and/or use it in support of any REP training and exercise activities. Thank
you in advance for any comments you decide to offer.
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1.2 MANUAL OBJECTIVES
RASCAL training objectives include (but are not limited to):

(a) Presenting a brief recap of the basic computer program purpose,

(b) Understanding the dose projection calculation basis,

(c) Relating dose projections to evacuation protective action guides (PAGS),
(d) Relating dose projections to relocation PAGs,

(e) Relating dose projections to ingestion derived response levels (DRLS),
(f) Introducing the user to the key new features,

(g) Discussing specific features and their potential REP applications,

(h) Explaining the benefits of using the new features in exercise design,

(i) Defining the Special Receptors (SR) features and their applicability,

(j) Using internal export capabilities to generate data/map resources,

(k) Identifying problems and solutions associated with generating field data,
(1) Utilizing external GIS mapping tools for resource development,

(m) Conducting “What If?” scenario analysis for design purposes, and

(n) Seeking input of REP staff on future RASCAL program enhancements.

1.3 REAL NPP INCIDENTS vs. NPP DRILLS and EXERCISES

It is important to recognize that there is a necessary distinction in using RASCAL for
response to a real nuclear power plant (NPP) incident, and using RASCAL for NPP
drill/exercise scenario development. The connection however is important in that drills
and exercises are the training environment designed to allow realistic practice for a
needed response to a real NPP incident. The challenge is to ensure, that to the
maximum degree possible, drills and exercises simulate the real incident and stimulate
the maximum amount of realistic play by the participants.

1.3.1 Real NPP Incidents

In a real NPP incident all the conditions and parameters are defined by the reality of
the situation. The NPP will have real plant emergency conditions and timelines, the
meteorological (MET) data will be defined by the actual weather, realistic response
time of emergency personnel will be a factor, field team (FT) survey meter readings
will be the result of an actual radiation environment, timely laboratory analysis of
environmental samples will be needed, no time jumps will be allowed, implementing
PARs and PADs will have real world timing and effects on the GP, and response
and sampling strategies will need to be efficient and effective. In other words it will
not be necessary to develop a scenario and support materials, however a thorough
understanding of RASCAL will ensure its efficient and effective use when needed.

1.3.2 NPP Drills and Exercises

In the case of drills and exercises all the above stated event conditions must be
“fabricated”, in as thorough a manner as possible, in an attempt to stimulate the
maximum amount of realistic play by the participants. From the radiological
perspective, RASCAL is now not only equipped to provide extended projection
capabilities, but also to provide the means to deliver needed key scenario data and
map resources to support realistic and effective drills and exercises.
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1.4 RASCAL - WHAT IS IT? (In the NRC’s own words.)

RASCAL, which stands for Radiological Assessment System for Consequence
Analysis, is the software developed and used by the U. S. Nuclear Regulatory
Commission (NRC) Emergency Operations Center to estimate projected doses from
radiological emergencies. RASCAL consists of two main tools: the Source Term to
Dose (STD) model and the Field Measurement to Dose (FMD) model.

1.4.1 Source Term to Dose

Use the STD model when you want to enter information about plant conditions or
accident conditions in order to estimate projected radiation doses from a plume to
people downwind. The STD model will first generate a time-dependent “source
term” (ST). This is the release rate for each radionuclide from the facility as a
function of time. This time-dependent release rate then provides the input to an
atmospheric dispersion and transport model.

The atmospheric dispersion and transport model estimates radionuclide
concentrations downwind, both in the air and on the ground due to deposition. The
calculated concentrations are then used to estimate projected doses. The dose
pathways are: cloud shine from the plume, inhalation from the plume, and ground
shine from deposited radionuclides.

1.4.2 Field Measurement to Dose

Use the FMD model when the plume-phase is over and you are in the intermediate-
phase. The FMD model estimates doses based on measurements of the actual
radionuclide activity in the environment. The model will use the ground
concentration of radionuclides to calculate intermediate-phase doses.

1.4.3 RASCAL'’s Early Phase Dose Projection Basis

The following paragraph, found in both the US Environmental Protection Agency’s
(EPA) publication US EPA-400 (p.5-6) and the RASCAL v4.2 Workbook (p.29),
gives insight into the basis for RASCAL'’s calculated dose projection and its
relationship to the EPA PAGs. This paragraph is important in understanding the
resultant timing and sequence of risks anticipated (projected) to the off-site GP.

“The projected dose for comparison to the early phase PAGs is normally
calculated [by RASCAL] for exposure during the first four days [96 hours]
following the projected (or actual) start of a release. The objective is to
encompass the entire period of exposure to the plume and deposited material
prior to implementation of any further, longer-term protective actions, such as
relocation. Four days [96 hrs] is chosen here as the duration of exposure to
deposited materials during the early phase because, for planning purposes, it
is a reasonable estimate of the time needed to make [field] measurements,
reach decisions, and prepare to implement relocation.”

Note: The RASCAL dose projection is an unsheltered cumulative dose over
four days and not an instantaneous dose. In a real event there will be
ample time to make decisions regarding evacuation and relocation
based solely on technical factors, though other non-technical factors
may have significant influence on the eventual decisions actually made.
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1.5 RASCAL - USER CONSIDERATIONS
1.5.1 RASCAL'’s Early Phase Dose Projection Basis

The basis for this projection is that the dose would be received by an individual
standing outside continuously with no sheltering for the full four days. Persons
evacuated in a timely manner or sheltered in place will receive none or only a
portion of this projected 96 hour (hr) dose. Furthermore, this 96 hr time period,
given a release of limited duration, will include not only the early phase, with its
more urgent response considerations, but also the additional overlapping
intermediate and ingestion phases and their many response considerations,
including re-entry, relocation, return, and food protection actions respectively.

All phases should be considered early when responding to a real incident, and as
required when developing resources for supporting drill/exercise scenarios.

1.5.2 Initial Dose Projection Input Parameters

The need for an initial dose projection may occur quickly in a fast breaking event or
evolve over a period of time. RASCAL requires specific plant status conditions,
which may be hard to get in a timely manner, as well as meteorological information
which is more readily available, to produce an acceptable dose projection. Clues to
the plant’s condition, severity of the event, and potential impact on the GP, can be
obtained from the Emergency Classification Levels (ECLs) and Emergency Action
Levels (EALS).

The Nuclear Accident Reporting System (NARS) form provided by the NPP will
have the ECL and EAL classifications, as well as other needed early information,
including meteorological data, but may lack sufficient data to fully define all needed
RASCAL inputs. If the NRC’s Emergency Response Data System (ERDS) website
is operational, additional more instantaneous plant condition information should be
available.

In most instances however, it will be necessary to both make assumptions and
contact plant personnel in order to calculate early dose projection numbers. Itis
suggested that “default” input parameters, based on pre-defined ECL and EAL
combinations and other likely plant conditions, be discussed and pre-established to
ensure that desired initial dose projections can be completed in as early of a time
frame as possible.

1.5.3 Dose Projection Output Results

RASCAL calculations are based on less conservative (but still conservative) more
up to date and accurate modeling equations. Therefore, dose projections
exceeding associated PAGs will occur at distances closer in toward the release
source than earlier versions of RASCAL. Though this will have the effect of
reducing the projected impacted area from what has been historically observed,
decision makers should resist the temptation to “add back” lost ground. This less
conservative calculation environment does not, however, similarly change or reduce
the importance of timely and effective decision making.
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1.5.4 ALARA as a Goal

ALARA (As Low As Reasonably Achievable) has as its principle goal to reduce any
personnel radiation exposure to the lowest practical level. ALARA however should
never be viewed as solely equal to zero. In the case of a NPP emergency, a zero
dose may be accomplished by a successful evacuation preceding an actual release
or ahead of plume arrival. Persons sheltering in place, those not evacuating in a
timely manner, or those not evacuating at all could receive some level of dose if the
plume passes over the area of their occupancy. Every effort should be made to
assess these exposure situations to determine to the extent possible their probable
dose level and any alternative action available to implement ALARA on their behalf.

1.5.5 Early (Emergency) Phase

The early phase typically focuses on the portion of the incident associated with the
potential/actual acute exposure to radiation of the off-site GP to the plume and
accompanying ground deposition from any release. This phase is driven by the
potential acute dose of greater than 1 rem (lower limit of EPA PAG range of 1-5)
and is the basis for the rush to recommend evacuation and/or sheltering PARs and
implement PADs as quickly as feasible. The early phase is usually considered over
when the release or release threat is clearly terminated.

Note: Performing evacuation dose projections for the early phase is the most
common use of RASCAL for drills/exercises, but taps only a portion of
RASCAL'’s potential response projection capabilities.

Given that early GP evacuation and/or sheltering (use of ALARA) takes place, any
initial 4 day dose projection may more appropriately be applied to emergency
workers, personnel re-entry activities and those from the GP who chose not to
evacuate. In a severe reactor accident, a release could last more than 96 hours
and thus extend the emergency phase past this assumed 4 day timeframe. Such
an extended release situation could have significant implications for calculating an
increased plume dose projection and for implementing re-entry, relocation and
return processes.

The geographic area initially defined by the early phase evacuation PAR(s) and
PAD(s) will in most instances be larger than the ultimate area defined by the later
relocation assessment process, though this may not always be the case depending
on the plume nuclide content. The relocation assessment process is generally
considered part of the intermediate phase activities and is used to identify areas
where the GP can be allowed to return for permanent habitation.

1.5.6 Intermediate Phase

The intermediate phase, based on its post plume chronic exposure emphasis and
PAGs, which are based on 1 year or longer exposure time frames, does not require
urgent action to relocate the GP. Dose will be mostly from external exposure to
ground deposition radiation, but could in some instances include an inhalation
component from re-suspension of deposited materials.

Though the term relocation is referred to by some responders and decision makers
as a “secondary evacuation”, this is not the case and all such references should be
avoided through improved awareness and training.
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The incorrect use of this term as a “secondary evacuation” contributes to a false
sense of urgency to implement relocation, can negatively impact expectations and
may lead to the inefficient use of limited early phase response resources.

Relocation decisions may apply to both, previously evacuated persons (their return)
and those not previously evacuating (their temporary or permanent relocation), but
occurs where dose levels are expected to exceed any of the intermediate phase 1%
year, 2" year or 50 year relocation PAGs in the impacted area.

In the case of a plume of short duration (a few hours), re-entry is another key and
demanding response activity. Re-entry has its greatest urgency among those who
are involved in 24/7 critical care activities, e.g., health care personnel, immobile
population caretakers, etc. Because of this, where re-entry of personnel is
necessary, the re-entry process and procedures must be efficient and timely. It is
also likely that many livestock operations owners will not evacuate at all because of
critical animal care needs. This poses another problem for the decision makers
regarding the timing and methods for exposure monitoring of those persons staying
in the restricted area. Is direct exposure monitoring possible by use of dosimetry by
the individual, or is an indirectly estimate of their dose from environmental values
obtained by field teams and emergency workers an acceptable alternative?

RASCAL dose projections can be used to help define an initial efficient and effective
field sampling plan and exposure monitoring plan to address both the re-entry and
relocation decision-making efforts.

1.5.7 Ingestion Phase

Though the ingestion phase typically is also associated with the intermediate (and
late) phase, it is separated out here due to its focus on dose from ingestion of
contaminated foods and food products, and not a direct result of environmental
radiation exposure. In addition, the ingestion phase will not only be a factor in the
10-mile plume emergency planning zone (EPZ), but also the larger 50-mile
ingestion EPZ. However, by definition an ingestion phase emergency does not
necessarily only follow a plume based General Emergency (GE), but occurs
whenever ingestion becomes an issue based on nuclide depositions where DRLs
and/or ingestion Derived Intervention Levels (DILs) exceed the associated U.S.
Federal Drug Administration (FDA) food PAGs. This could occur with a radiological
release not exceeding the lower evacuation dose limit PAG of 1 rem offsite, and
thus where no evacuation is recommended to be implemented.

This is the phase in which an ingestion sampling plan strategy is developed and
implemented to determine the actual impact on the food supply, and includes food
product holds (embargoes), as well as food product sampling and analysis.
RASCAL can project environmental deposition data that can be compared to the
deposition DRLs, but can’t directly produce food product DIL data. However, there
have been direct correlations established between environmental DRLs and food
DILs for specific nuclides and important food products which can be used to make
ingestion sampling plan strategy decisions.
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1.6 KEY RESOURCES NEEDED
1.6.1 RASCAL Software

RASCAL v4.x series is the minimum version needed to perform many of the tasks
that are outlined below. Previous versions (v3.0.5 or earlier) do not have all the
functions and export capabilities necessary to ensure transfer of RASCAL data to
external GIS and alternate data processing software. RASCAL v4.x can easily
generate and export PPX and IPX data outputs critical to effective emergency
response and exercise play leading to successful outcomes.

1.6.2 ArcGIS Software (Google Earth if with file conversion Software)
There are two primary uses for the GIS software;

(a) Taking plume and deposition export data from RASCAL and generating GIS
data and maps reflecting their geographical representation in a flexible and
dynamic GIS environment.

(b) Taking specific field locations of interest (pre-designated field sampling
points, schools, nursing homes, hospitals, farms, etc.) expressed in typical
Latitude/Longitude (Lat/Long) coordinates and converting each of them into
its True North (TN) equivalent in Polar Coordinates (PC) which is needed by
RASCAL to support its SR output display feature.

The special function in ArcGIS needed to complete task (b) above requires that
ArcGIS v9.3 or greater be used.

1.6.3 Spreadsheet Software (Excel or Equivalent)

The spreadsheet software both receives export data from RASCAL, and processes
data by sorting it into a desired order or converting data into a desired table format,
i.e., text format versus Excel format. Conversion of file formats is especially
important when working with specific geographical locations where associated
specific data will be generated, i.e., field sampling points, etc.

1.6.4 Text File Document Software (Notepad or Equivalent)

One of the key RASCAL export capabilities involves the SR feature which requires
that the RASCAL SR definition tables contain coordinate data in TN PC within a text
table file format (i.e., TableName.txt). Once the initial text tables are created it is
easy to modify or create new tables from existing tables using the text document
software Notepad. This software is available as part of your computer’s operating
system’s programs.

1.6.5 Large Format Color Printer or Plotter (11”x17” minimum capable)

The use of a large scale color printer or plotter is recommended in order to generate
color maps of sufficient size so as to allow adequate map geographical detail and
still be readily readable. The minimum size suggested is color maps of 11" x 17”
format, but larger is better in an emergency operations center (EOC) setting.
However, maps of larger than 11”x17” size are not convenient for use in vehicles
typically used by field teams.
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2.0 RASCAL DISPLAY & DATA EXPORT FEATURES
2.1 REVIEW OF RASCAL DISPLAY FORMATS

RASCAL has the same Display Formats (red box) as in earlier versions but these
formats have been enhanced in their functionality by the addition of expanded features
and more data export options. These features and options allow many more variations
in the display of RASCAL information by making the data available for use in dynamic
external GIS environments which permit multiple and associated data sets to be
displayed simultaneously in separate layers on a single map, i.e., the plume footprint
and schools, deposition area values and dairies, etc.

B9 Detailed Results of Dose Calculations @
Result Type
" Inhalation CEDE (" Extemal Garmma Exposure Rate " Acute Bone Dose Total
+ TEDE (" Cloudshine Dose (cloudshine + groundshine) " Acute Bone from Inhalation Only
(" 4-Day Groundshine D ose £ Estemal Gamma + Beta Exposure Fate " Acute Lung Dose

" Acute Colon Daze

™ Groundshine Dose Over Defined Time Periad
" Thyroid CDE " Ground Concentration - Total

" Ground Concentration of. | Cs-134
" 1st year Intermediate Phase TEDE
" 2nd year Intermediate Phase TEDE

" B0 year Intermediate Phase TEDE 1131 Air Concentration
Time Period for Exposune Digplay Format Digplay Unitz
{+ Start of release to end of caloulation From 10-mile calculation f+ English
" Footprint
~ Qatpri {5
. " Mumeric table
Fram:
|201110/04 07.42 -1 o)
Display Result |
Ta: Define Receptors
[z011110004 1342 |
From cloge-in calculation

(& o 4 Help

201110404 13:42

| J " Mumeric: table Exit

Figure 2.1 RASCAL Detailed Results Screen Showing Display Formats

These Display Formats combined with the Result Types (blue rectangle) and
appropriate Time Periods (green box), can create both time dependent and time
independent data sets, and either display them directly within RASCAL or export them
for use in an external GIS environment. Each of the display formats, Footprint (FP),
Numeric Table (NT) and Special Receptors (SR), has advantages in developing
particular types of resources. The following sections review each display format and
export option in more detail, and also outline the procedures and methods used to
create and export RASCAL data for use in external GIS software environments and
creating these output resources. All RASCAL data is “normalized” to values based on
measurements taken at 1 meter above the ground.

The number of combinations of Display Formats and Results Types are too numerous
to fully discuss, so only key combinations will be highlighted and demonstrated.
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2.1.1 RASCAL Footprint Display

Below is a typical RASCAL FP display image. The data points are shown with
range values “hardwired” into RASCAL as defined in the display’s legend, in this
case, 0.1mR/hr and above exposure rate values arranged in six pre-defined
categories. These pre-defined category ranges will vary with the data type chosen,
i.e., dose, exposure rate, ground deposition concentration, etc. No values below
the legend minimum are displayed or available for export.

3 10-mile Footprint @
External Gamma + Beta Exposure Rate
Dose Rate at 2011/10/04 09:12 _Data at
individual
NREP_2013_KP5_CoreDamage_2011PPX_10mile_6hr model receptors
Kewaunee T
Paogition cursor
Legend aver cell to display
[ 0.4to1.0mRin
[ 1to10 mRih at
10to100mrRm || 7 )
= 2 = from release point
[] 100 mR/to 1 RN
Click cell to plot
[ 1to10Rn dose rate vs time
B >10rnh
Impact Area
Export
Save Image
FPrint
RASCAL 4.2
- Help

v Map background

Figure 2.1.1-1 Typical RASCAL Footprint Display Format

The FP graphic format has been the foundational PPX display image utilized by the
radiological decision makers for years in shaping the evacuation strategy, and has
served the exercise community well in this focused purpose.

The FP image is superimposed on a pre-loaded static scaled geographic image of
the EPZ for the nuclear power plant of interest, here Kewaunee Power Station. If a
customized newer static image is desired, it can be created by the user and loaded
into RASCAL as a scaled 800x800 pixel image (all images regardless of projection
scale are in this 800x880 pixel size). There are cautions however, as the image
must have the NPP exactly centered (point 400,400) in the image, and the image
must be of the proper mileage scale (2mile, 5mile, 10mile, 25mile or 50mile) for the
display scale in use. In addition, the file names must be identical to the original file
names programed into and used by RASCAL for that NPP and display scale
images, and also stored in the proper RASCAL program folder.
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The image below displays a “close in” version of the above plume superimposed

over an alternative 800x800 pixel 2 mile scaled aerial photo.

B3 Close-In Footprint

==

External Gamma + Beta Exposure Rate
Dose Rate at 2011/10/04 13:42

NREP_2013_KP5_CoreDamage_2011PPX_10mile_6hr

Data at
individual
model receptors

Puosition cursor

Legend over cell to display
O 0.4t01.0 mRiK ——
E 1to10 mRh at

10t0100mRm || . )
m 2 o from release point
[0 400 mRihto 1 A

Click cell ta plat

|:| 1to 10 Rih doze rate vs time
W ->10rm

Save Image
Frint
ok ]

RASCAL v4.2 Help

Show on dizplay: v F| sz v 22%° sectors v Map background

l Impact Area ’

Figure 2.1.1-2 Substitute Map for the RASCAL Footprint Display

If additional detail about the geographic area affected by an exposure rate above

5.0 mR/hr is desired, clicking on the Impact Area button (green oval) and entering
the 5.0 value in the “box” and clicking on the Update button (blue oval) will produce

the following additional information.

B3 Impact Area

Estimate of the area impacted by the release
Euternal Gamma + Beta Exposure Rate

Dosze Rate at 2011/10/04 13:42

Total model area

Area with values above zero

[l

Square miles Square kilometers
1549 41.2
32
1E

= o
ra [
(]
=

Help

Figure 2.1.1-3 Display of Plume Impacted Areas Values
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2.1.2 RASCAL Numeric Table Display

This display option can give many more data points than will the FP display option
above, but will produce similar plume and deposition images. This display option
has great utility in supporting response resource creation, but seems to be “off the
radar” of most users. All values calculated by RASCAL (above the very small
minimum value set by the authors of RASCAL), will be displayed in the NT. In
addition, when exported to external GIS software, there is complete flexibility for
defining both the numbers of and ranges of map legend partitioning values to match
specific data ranges of interest, i.e., turnback values for field teams, exposure rate
values for relocation, the 1-131 environmental DRL deposition concentration value
for milk, etc. The coloring feature of the numeric display option will allow a quick
assessment of a data set compared to any value of interest, i.e., in this case an
exposure rate value >=40.0 mR/hr (red oval).

5 10-mile Mumeric Table @

External Gamma + Beta Exposure Rate [mR/h)

Dose Rate at 2011/10/04 09:12

Digtances are in miles from releagze point

05.00% 0450  |04.00Ww |0350W |03.00Ww |0250W 0200%w |00.60Ww  [00.00% 0050 | 00.00 -
02.00N
01.50N
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m.oos B.48E-04  223E-02  2FE-01 284E+00  1.22E+01 456E+01  1.10E+02  FEDE+01  Z51E-01 107
0m.505 452E-02 524E-01 296E+00  1.03E+01  285E+01  596E+D1  7E4E+01  3.80E+01  230E+00 5.20E-03 1.8
02.005 2E62E+00  8.04E+00  203E+01  4.28E+01 BE0E+01 247E+01  284E+00  1.38E-02  GEBE-0S -
02505 1.52E+01  303E+01  4.96E+071  5.96E+01  456E+01 1.85E+01  291E+00  4.24E-02 -
03.005 3.82E+01 508E+D1  BOBE+00  350E+01  1.40BE+01  252E+00  B92E-02  357E-04 - 1
03505 4 88E+01  4.3BE+01 267E+01  1.05E+01  215E+00 8.EBE-02  784E-04 - 3
04.005 IEE+0T 21ME+01 824E+00  1.79E+00 VF2E-02 1.76E-03 -
04.505 1.E2E+01  E40E+00  1.4BE+00  1.04E-01 2 70E-O03 -
05.005 5.28E+00  1.31E+D0 115E-01 45BE-03 -
05505 117E+00  1713E-01 V.EBE-03 -
06.005 1.26E-01  9.28E-03 -
06505 9.84E-03 -
07.005
07.505 L
4 {14 3

lear Color Click cell to plot dose rate ws time Help

Calar all cells with a valus Colar Pasitian cursar aver cellto see Espart | oK —l
equal to or greater than: bearing and distance
@ Prirtt | |

Figure 2.1.2-1 RASCAL Numeric Table Display Format

This coloring feature can be helpful in finding a plume release source term for use in
an ingestion phase exercise where you want to keep the 1-131 DRL environmental
deposition concentrations within the 50-mile EPZ. This display option also
generates data sets that produce very nice plume images and deposition footprints
when exported to external GIS software such as ArcGIS.

“Clicking” the mouse cursor on any individual cell (blue highlight) will reveal
important additional information about the displayed data of interest at that location
and time. In this case an exposure rate graph over time and field team dosimeter
reading projections are made available for this exposure rate. See the following
screen image for more details.
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Start of release:

Receptar location:

B3 Dosews Time Plot - 10 mile Calculations
NREP_2013_KPS_CoreDamage_2011PPX_10mile_6hr
2011210404 07:42
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Figure 2.1.2-2 Numeric Table Cell - Exposure Rate Information

This projection data can be very useful in evaluating field team personnel and

emergency workers’ risk of radiation exposure for this location and time, the
effectiveness of their DRDs in reflecting that risk, and the use of Kl in reducing the

risk to the Thyroid. NT cell values involving deposition gives the following nuclide

deposition information.

uCi e
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Figure 2.1.2-3 Numeric Table Cell - Nuclide Deposition Information
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2.1.3 RASCAL Special Receptors Display

The SR display option in RASCAL is the most underutilized detailed display feature,
yet one of the most useful, as it allows the RASCAL user to define custom data
point locations, i.e., pre-designated field sampling points, plume centerline points,
schools and daycares, farms, dairies, etc.

Once these sites are identified and defined in special text formatted tables, and the
tables loaded into RASCAL, data values can be calculated for these pre-designated
sites using the same source term and meteorological conditions that were used to
determine the original 96 hour dose projections.

3 Dose Values at Special Receptors @
External Gamma + Beta Exposure Rate [mR/h)
Doze Aate at 2011710504 09:12
Receptor name mA/h Bearing Distance Dist Units Latitude | Longitude -
K-34 (0.00E+00 207.0 86 i 44232112 87 613808
K-38 0.00E+00 1930 83 mi 44 226031 B BV ST
K108 0.00E+00 138.0 95 mi 44211917 87 584272
K-108 0.00E+00 1320 9.3 mi 44211823 87573814
L-44, 3.54E+01 2270 31 i 44 312773 87 BE14ER
L-4B 5.28E+00 219.0 36 mi 44 302657 87 BE16OT
L& 2.77E+1 228.0 4.7 mi 44297709 -87 BOBO33
L-7 411E-02 21E.0 .3 mi 44269073 -B7 610371
L-8 5.91E+00 2250 74 i 44 2E7E3T 87 BA0248
L9 7.3E-01 2220 a4 mi 44 252715 -87 648352
L-104 1.33E-02 2200 94 mi 44238116 -B7 B57475
L-10E 3.85E+00 229.0 9.4 mi 44 253418 -B7 675335
-3 3 14E+01 2450 25 i 44327743 87 BE2464
-4 4. 58E+01 2390 4.1 mi 44 312604  -B7Y BOBSRO| =
M-5 4.52E-01 2520 483 mi 44 321615 -87 627884
M- 2. 2BE+1 242.0 a7 mi 44304033 87 B37ES2
-7 3.82E+01 2380 g2 i 44 298302 87 641343
hd-Bé 1.32E+01 2430 7.0 mi 44 296625 87 BEZ078
h4-8B 3.58E+01 2360 75 mi 44 281944 87 BE1320
b -5 2.13E+M 2359.0 8.2 mi 44231899 87 67ERR0
h4-58 1.75E+00 246.0 85 i 44 292475 87 B3Z68E Export
h4-5C 2.32E-02 2520 a7 i 44, 303534 -B7. 7032493 Q—
k-10 9.63E+00 2400 29 mi 44 277926 87 B91ESR
M-2 5.32E+00 268.0 1.3 mi 44342733 87 562769
M-3 1.01E-01 268.0 2.3 i 44342121 87 5E3142
M-4 0.00E+00 268.0 39 i 44341148 87 B152413
MN-E 4. 57E-03 258.0 5.5 mi 44 326656  -B7 43636 T ok

Figure 2.1.3 RASCAL Special Receptors Display Format

The time dependent exposure rate data represented above in this SR display option
can be exported for use in an external GIS software environment. The SR
geographical location option is very flexible and mostly limited by the imagination of
the user.

An important key requirement is that all geographic locations in the original SR text
tables must be defined in TN, 0-360 deg. PC not Lat/Long coordinates.

More detail on this process is given in Section 3.3 and Section 3.4 below.
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2.2 INTRODUCTION TO RASCAL DATA EXPORT OPTIONS

The RASCAL program has pre-loaded Lat/Long coordinates (determined by the
authors of RASCAL) for each of the NPPs. This NPP reference location is the centroid
basis for subsequent RASCAL internal displays and external exports of projection
data. If the RASCAL user intends to export data for use in an external GIS software
package, it is important to verify the accuracy of these author embedded Lat/Long
values against those in your existing external GIS software.

Go into the following “folder” on your computer: C:\Program Files\RASCAL4\Data.
Open the Access Database File: Facility NRC-400.mdb. Look in the “Site” table.

Compare these RASCAL NPP Lat/Long coordinate values to those found in your
external GIS software. If they differ (by an amount of concern) it will be necessary to
change the table values in RASCAL. If these new values do not “stick” when you
change them you will have to provide the “correct” values to the developers of
RASCAL for updating the data in the Site table, once you obtain the updated database
file, copy it into RASCAL. If you do not complete this step, and the differences in the
internal and external Lat/Long coordinates are significant, data exported from RASCAL
for use in your external GIS software may appear “shifted” on any high quality detailed
maps you generate.

The following table summarizes the export options available for each of the three
display formats found in RASCAL. It is important to note that not all export options are
available or practical for all display formats and/or data result types.

Display Format Export File Options
Options GIS Shape File GIS Point File Text File
Footprint Yes Yes No
Numeric Table Yes Yes Yes*
Special Receptors Yes No Yes
Files Created per
Each Export S 1 1

*Note: This NT export option has no externally usable GIS coordinates.
Figure 2.2 Table of Export File Options & Associated Display Formats

Organizing the many potential time and location dependent export files generated can
be confusing. RASCAL will default to the program’s SaveCase folder for exporting FP
and NT exports, but will default to the program’s Site folder when exporting SR data.
It is suggested that a special folder (RASCAL Export Data) with subfolders, i.e., FP,
NT, and SR, be created where all exported data can be isolated, easily found and
retrieved again. It may be convenient to create a second level of subfolders within
each FP, NT and SR folder to accommodate different data types, and time and
location variations. This is especially important with the GIS Shape File option where
5 individual files are produced for each export performed.
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2.2.1 GIS Shape File Export Option

This export option, when used with the FP or NT displays, will result in an external
GIS image having square boxes around each data point similar to the image
internal to RASCAL (see Figure 2.1.1 above), but will allow you to place this
exported image on your own custom GIS scaled map. When using the Shapefile
export option from the SR display, the resultant export file will be a collection of data
points without the square boxes around them.

Note: MapWinGIS must be installed on the same computer as RASCAL.

55 Export Results @
e

Ta Text File T Ta GIS Point File T To GIS Shapefile

Creates a shapefile. [Requires that MapiwinGlS be installed)

Pualygons are created from footprints and numeric tables.
Puaints are created from special receptors.

Click OF. vou will be prompted for a file name and destination,

Cancel
Help
Figure 2.2.1-1 GIS Shape File Export Results Option
B3 Export as GIS shapefile @
Savein: | Ji RASCAL_Ewort_Data ~| & Bt B
Name ’ Date modified Type Size
mbebbmhilinllal 3 1/31/2013 10:26 AM  File folder
1/31/201310:32 AM  File folder
et T Uata 1/31/2013 10:26 AM  File folder
File name: |NHEP_2D1 3 KPS_CoreDamage_2011FP¥_10mile_6hr - ExtRateOpen - Puff shp j
Save as bype: |shapeﬁle ﬂ Cancel

Figure 2.2.1-2 GIS Shape File Export FileSave Option
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L E
!

5 items

@'\;}v' « RAS.. » Shapefil. - | +4 | | Search Shapefile Data 0

Organize =

= Mame

Include in library - Share with = Bun = H= « [ -ZIEZI

-~

|| MREP_2013_KP5 CoreDamage_2011PPX _10mile_&hr - BExtRateOpen - Puff.dbf
|| MREP_2013_KP5 CoreDamage_2011PPX_10mile_Ghr - ExtRateCpen - Puff.prj
|| NREP_2013_KP5 CoreDamage_ 2011PPX_10rmile_Bhr - ExtRateOpen - Puff.shp
|| MREP_2013_KP5 CoreDamage_2011PPX_10mile_Bhr - ExtRateCpen - Puff.shx
|| MREP_2013_KP5 CoreDamage_2011PPX_10mile_hr - ExtRateOpen - Puff.bdt

T 3

5 items

Figure 2.2.1-3 GIS Shape Files Exported for GIS Use

The image above shows that a single Shapefile export produces a collection of five
files needed by the external GIS software; therefore each Shapefile export data set
should be saved to a separate folder to ensure that there is no comingling of
unrelated data from any other Shapefile data sets, which would hinder efficient and
effective use of this exported data. The exported text file ending in .txt gives a
general description of the Shapefile’s content.
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2.2.2 GIS Point File Export Option

This export option, when used with the FP or NT displays, will result in a single
export file consisting of a data array which can be used by external GIS software
with maximum flexibility in creating custom map images, including custom legends
and range values. Be sure to choose the Lat/Long coordinate option unless the
default UTM option is desired. No GIS Point File export option exists from the SR
display feature.

5 Export Results =

Ta Text File Ta GIS Shapefile

Saves the footprint information in a file for uge with a GIS. The data are esported to a test file az points,

Select the coordinates to be used and set any options needed. Then, click OF. and enter filenarme and
desztination.

Export coordinates and origin

i+ Longitude / Latitude [decimal degrees) [-B7.5361, 44.3431)
" Universal Transverse Mercator [UTH - meters) [45726E. 4310117 in zone 16]
™ Distance from release point [x.y - meters) [0.0]

Advanced optionhs

[~ Reverse ¥ and ™ positions [~ Do not output £ value

[ W longitudes /5 latitudes az positive number [~ Do nat expart £ below: lﬂi

[~ Do not output a header line [~ Do nat export £ above: I‘Ii Cancel
Help

Figure 2.2.2-1 GIS Point File Export Results Option

B3 Save to GIS transfer file @

Savein: | Ji RASCAL_Ewort_Data ~| & Bt B
MName ’ Date modified Type Size

GIS_Point_File_Data 1/31/201310:26 AM  File folder

apefile_Lata 1/31/201310:32 &AM File folder

Text_File_Data 1/31/201310:26 AM  File folder
Fiename:  [NREP_2013_KPS_CoreDamage_2011PPX_10mie_6hr - ExtRateOpen - Puff TXT ~]
Save astype: |GIS Text Format{"d) -l Cancel

Figure 2.2.2-2 GIS Point File Export FileSave Option
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Organize « Include in library = Share with = b ==

- -~
Mame

B (T

m

W

1 item

1 itermn

@Q;I « RAS.. » GIS Poi.. v [ 3 |[ Search GIs_Point.File_Data

0 @

| MREP_2013_KP5 CoreDamage 2011PPX_10rmile_Ghr - ExtRateOpen - Puff. TAT

Figure 2.2.2-3 GIS Point File Exported for GIS Use

The image above shows the Point File export produces a TXT file which can be

used by the external GIS software; therefore comingling of files is not as critical as
in the Shapefile option as long as exported file names are managed for uniqueness.
In the comma separated value (csv) flile image below, the XCoord = Longitude, the

YCoord = Latitude and the third column is the RASCAL projected environmental

value of interest, in this case an open window exposure rate.

»

m

| NREP_2013_KPS_CoreDamage_2011PPX_10mile_6hr - ExtRateOpe..| = || B w3
File Edit Format View Help

KCoord, yCoord, External_Gamma_+_Beta_Exposure_Rate
-087.726679, 44.241051, 3.180E-03
-087.716603, 44.241115, 1.620E-02
-087.706526, 44.241177, 7.040E-02
-087.696450, 44.241239, 1.420E-01
-087.686373, 44.241300, 2.284E-01
-087.676297, 44.241360, 2.004E-01
-087.666220, 44.241420, 7.280E-02
-087.656143, 44.241478, 1.716E-02
-087.646067, 44.241535, 3.424g-03
-087.726768, 44.248295, 1.288E-02
-087.716691, 44.248359, B.BE0E-02
-087.706613, 44.248421, 3.320E-01
-087.696535, 44.248483, B.200E-01
-087.686457, 44.248544, 1.280E+00
-087.676380, 44.248604, 1.408E+00
-087.666302, 44.248664, 9.920e-01
-087.656224, 44.248722, 4.120e-01
-087.646146, 44.248780, B.280E-02

Figure 2.2.2-4 Point File and Text File GIS Exported Data Content
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2.2.3 Text File Export Option

This export option is only useful from the SR display and results in a single csv
Microsoft Excel file consisting of a data array which can be used by external GIS
software with maximum flexibility in creating custom map images, including
optimally defined legend and range values. The FP display is not an option and the
NT display is not an usable option with the Text File export feature.

55 Export Results

X5

Ta GIS Point File T Ta GIS Shapefile

This export function will allow you to create a comma-delimited text file containing all the results
information shown i this table. Thiz file can then be imparted inta other applications such az
spreadshests.

Hote that header lines will precede the table data. These will indicate the software vergion, the
date and time the export file wag created, the case dezcription, the dose type and unitz, and the
time period.

Click OF, to continue or Cancel

0K

Cancel

rli

Help

Figure 2.2.3-1 Text File Export Results Option

B3 Export as comma-delimited text file
Savein: | J) RASCAL_Export_Data ~| & @& E-
Mame : Date modified Type Size -

GIS_Point_File_Data 1/31/2013 11:14 AM  File folder
efils Data 1/31/2013 10:32 AM  File folder
Text_File_Data

1/31/201312:30 PM  File folder

File pame: |NF~!EP_2D1 3 KP5_CoreDamage_2011PPX_10mile_6hr - Bt RateOpen - Puff cav

Save astype: |Delimited text

Cancel

5 [
=~

i

Figure 2.2.3-2 Text File Export FileSave Option
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(5 Export as comma-delimited text file

Savein: | , Text_File_Data

Mame

~| & &k BE-

=5

@NHEF'_EUIB_HF'5_':I:IrEDEIr‘ﬂEgE_EUllF'F'K_lUmilE_ﬁhr - BExtRateOpen - Puff.csv

1| I r
Fle name:  |NREP_2013_KPS_CoreDamage_2011PPX_10mie_~ | Save
Save as type: |De|im'rte::| tent j Cancel

Figure 2.2.3-3 Text Files Exported for GIS Use

The image above shows the Text File export produces a single csv file; therefore
comingling of files is not critical. The Text File export options produce Microsoft

Excel csv tables with data in the columnar form seen below.

l“_TII = @ & = NREP_2013_KP5_CoreDlamage_2011PPX_10mile_6hr - ExtRateOpen - SpecRec.csv - Microsoft Bxcel = B =
Home Insert Page Layout Formulas Data Review View & e o B 23
& Calibri o = f; = General - _?é Conditional Formatting = 3+ Insert ~ x - ﬂ‘v L_?a
Ba- B 7 U~-| A & B $ - % o [ Format as Table ~ 5% Delete = E' z S
i * 4 e v A~ B 8 o [} Cell Styles ~ [ Format - | 2~ si‘ljtratrei SFIerILdr:r:av
Clipboard Font Alignment Number Styles Cells Editing
Al > S | RASCALv4.2.0 Export Results b
A B = D E F G H I i) K L I\.:
1 |RASCALv4.2.0 Export Results [l
2 File created: 2013/02/04 08:51
3 |Case name: NREP_2013_KPS_CoreDamage 2011PPX_10mile_ghr
4 External Gamma + Beta Exposure Rate mR/h
5 |Dose Rate at 2011/10/04 09:12
6 Receptor imR/h Bearing Distance Dist Units Latitude Longitude =
7 K-3 1.20E-03 135 2.1 mi 44.31409 -87.5468
8 K-4 8.59E-03 204 3.1 mi 44.30291 -87.5609
9 |K-5 0.00E+00 197 4.2 mi 44,2848 -B7.5606
10 K-6 0.00E+00 193 5.2 mi 4427001 -87.5591
11 K-7A 0.00E+00 201 6 mi 44.26216 -B7.5788 LS
12 K-7B 0.00E+00 198 6.9 mi 4424769 -B7.5785
13 K-8 0.00E+00 202 7.7 mi 44,23967 -87.5934
14 |K-9A 0.00E+00 207 8.6 mi 44.23211 -B7.6138
15 K-9B 0.00E+00 193 8.3 mi 44.22603 -87.5727
16 K-10A 0.00E+00 198 9.5 mi 4421192 -87.5943
17 K-10B 0.00E+00 192 9.2 mi 4421182 -B7.5738
18 L-4A 3.54E+01 227 3.1 mi 44.31277 -87.5815
19 L-4B 5.28E+00 219 3.6 mi 44.30266 -B87.5816
20 |L-5 2.77E+01 228 4.7 mi 4429771 -87.606
21 |L-7 4.11E-02 216 6.3 mi 44.26907 -87.6104
22 -8 5.91E+00 225 7.4 mi 44.26763 -87.6402
23 11.9 7 MM 2772 QA mi AA 25272 -27 AASA 2
4 4 » M| NREP_2013_KPS_CoreDamage_2011PP - ¥#J - 4] Il | ]
Ready | [[Emm 10% =) iy )

Figure 2.2.3-4 Text File Export of Special Receptors Data Content
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2.2.4 Advantages to Using RASCAL Export Options

Internally RASCAL data displays are limited to the three pre-defined choices of FP,
NT and SR. These display types have fixed pre-defined parameters and images
chosen by the authors of RASCAL. By exporting the data out of RASCAL the data
can be flexibly managed or modified in an external environment to meet the specific
needs of the data reviewers and decision makers.
Exporting advantages include, but are not limited to the following:
1) Data can be sorted, modified, segregated and/or combined,
2) Date, time and/or label components can be added as appropriate,
3) Data can be imported into other software for processing and/or display,
4) Adding data to related existing user external GIS map environments,
5) Using the Excel spreadsheet to randomize data to increase variability,
6) Displaying data such that visually links it to important decision-making values,
a) Evacuation and relocation PAGs,
b) Relocation exposure rate DRLs,
c) Ingestion deposition DRLs,
d) Field team “Turn Back” or “Do Not Proceed” values,
e) Survey meter detection limits, and
f) Aerial Flyover detection limits.
7) Creating custom map display legends to parcel data into meaningful divisions,

8) Displaying release data and images simultaneously (overlaid) with geographic
sites of importance such as schools, farms, dairies, etc.

~— ~— " ~—

(3 Export Results @

g e —

l To GIS Point File ll To GIS Shapefile

e —

Thiz export function will allow vou to create a comma-delimited text file containing all the results
information shown in this table. Thiz file can then be imported into other applications such asz
spreadzheets.

Mote that header lines will precede the table data. These will indicate the software verzion, the
date and time the export file was created, the case description, the dose type and unitz, and the
time period.

Click 0K to continue or Cancel

Ok

Cancel

il

Help

Figure 2.2.4-1 RASCAL’s Three Export Choice Options
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When choosing an export option it is recommended that the exported data is stored
in a unique set of folders which are associated with and easily identified with the
export file type. See below an example of three such related folders, all of which
are located within a special folder called “RASCAL_Export_Data”. Management of
exported data is important as there will be many exports generated in responding to
a scenario, whether a real event or a drill/exercise.

3 Export as comma-delimited text file @

Savein: | |, RASCAL_Export_Data ~| & & eF B

e - Date modified Type Size hd
. | GIS_Point File Data \ 1/31/201311:14 AM  File folder

Shapefile_Data 1/31/201310:32 AM  File folder
Text_File_Data 1/31/201312:30 PM File folder

File pame: |NF~!EF‘_2D'I 3 KP5_CoreDamage_2011PPX_10mile_6hr - ExtRateOpen - Puff.csv ﬂ
Save as type: |De|im'rte-:| et j Cancel

Figure 2.2.4-2 RASCAL’s Three Export FileSave Options
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3.0 SETTING UP AND WORKING WITH SPECIAL RECEPTORS

The SR feature in RASCAL allows a user to pre-define custom geographic locations of
special interest, such as pre-established sampling sites, critical facility sites, farms,
schools, day cares, etc. Once defined and placed into one or more special csv text
tables stored in RASCAL they can be readily loaded in support of emergency response
actions or drills and exercises. The SR feature “forces” the modeling software to give
data values at these high interest locations, and its associated export option makes the
data available for creating custom maps highlighting these sites.

3.1 THE SPECIAL RECEPTORS DEFAULT DISPLAY SCREEN

The SR display consists of four data fields as seen below. A row represents a single
site location, and there are up to 100 sites (rows) available within each table created.
An unlimited number of tables can be stored in the appropriate RASCAL program
folder, but only one table can be used at any given time while running a projection.
The image below is of the “default” SR screen with no pre-defined site data loaded.

B3 Special Receptors @

Special Receptors
Beanng from Digtance from | Distance -
releaze [degrees) [releasze Linits
1] i
mi
i
i
i
i
i
i
mi
i
mi
i
i
i Load
i
i Save
i
mi
i
i
i
i
i
i
mi
i
mi
i
i
i
i

R eceptor name

=

| Feceptor 02

Receptor 03
Feceptar 04
Feceptar 05
Receptor 06
Feceptar 07
Receptor 02
Feceptor 09
Receptor 10
Feceptor 11
Feceptar 12
Feceptar 13
Feceptar 14
Receptor 15
Feceptar 16
Receptar 17
Feceptor 18
Receptor 19
Feceptar 20
Receptor 21
Receptor 22
Receptar 23
Receptor 24
Feceptor 25
Receptor 26
Feceptor 27
Feceptor 28
Feceptar 29
Feceptar 30
Receptor 31

R eceptaor
locationz stored in
an extemnal file.

i

ok,

Cancel

o | e o e e e e e e e e e e e e e O e e e e e e e e e e
o | e o e e o o e e e e e e e

i Help

al;

Figure 3.1 Default Special Receptors Display Screen
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3.2 CREATING SPECIAL RECEPTORS TEXT TABLES

The table creation process only needs to be completed once for any given set of fixed
pre-designated sites. It is assumed that pre-defined sampling points are already
identified within the various sectors around the NPP, and as a minimum are already
associated with GIS Lat/I[Long map coordinates.

The four text table fields necessary to define a geographic site location are given
below with examples which show their required formatting.

1. Receptor Name

For pre-designated NPP sampling points in the 10 mile EPZ labels may have the
form P-5, M-7A, etc. These are simply any alpha/numeric characters.

2. Bearing from Release (degrees)

Bearing in degrees is from True North (North Pole) as measured and referenced
from the release point, which in most cases will be the NPP site location (for pre-
designated locations this is not the wind direction).

3. Distance from Release

This is the straight line (as the crow flies) distance from the release point (NPP)
to the specific site of interest expressed in miles.

4. Distance Units
The distance miles abbreviated as mi.

The pre-defined SR table must have each record (row) of the table saved in the format
as shown below. Only three, of a possible 100, formatted lines/records from a typical
table is shown here.

H-2,155,1.86,mi

P-5,300,4.20,mi

R-7A,342,6.10,mi

In addition, the table file name must end with the extension “.txt” for RASCAL to both
recognize and load the table for use in RASCAL, as shown in the example below.

SectorM_10MileEPZ_Pre-Designated_Sampling_Points.txt

Note: Text tables can be created either from within RASCAL by entering data
directly into the default display SR display screen and then saving the file
with an appropriate unique name, or externally using text editor software,
following the data format requirements and saving and naming the file.

In NPP planning, it is convenient to create one pre-defined field sampling point
location text table for each EPZ sector in order to maximize flexibility in matching the
met conditions to those sectors being impacted. Also, it may be desirable to create
separate tables for specific categories of sites, i.e., dairy farms, orchards, etc. When
desirable, text tables can be merged for performing efficient calculations as long as the
100 record table limit is not exceeded.

Note: When merging text tables it is possible to accumulate “hard returns” at
the end of the combined table. This adds “false records” to the table and
will cause an error message when trying to load such a table into
RASCAL. Please remove any/all extra end of text file “hard returns”.
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3.3 DETERMINING TRUE NORTH (TN) FOR SPECIAL RECEPTORS LOCATIONS

Point locations need to be in True North (TN) polar coordinates. L#"}"*“x__ {
— — : ; ' | asB _ {)
Sampling point of interest is P-5. e 3
Special Receptors CSV table data needed is: o g
Bearing from True North = 300° C = @]
Distance from release point = 4.20 miles = & w
g/ 9 0B i ,.%R-Gﬂ ;

i 0.9::'|' i
E ] J Q-8 e
. . QT
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G |/ w0 Ll psc/ @
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Figure 3.3-1 Depiction of True North Direction and Angles

The image above depicts the TN (0-360 degree) PC for determination of the SR csv
text table angular bearing data values. This can be done manually using a ruler,
compass and an accurately scaled map showing the source location and sampling
point locations of interest. As a general guide in verifying the TN PC angles,
remember the following degree ranges by EPZ sector.

Sector A 348.75°-11.25° Sector J 168.75° - 191.25°
Sector B 11.25°- 33.75° Sector K 191.25°-213.75°
Sector C 33.75°-56.25° Sector L 213.75° - 236.25°
Sector D 56.25° - 78.75° Sector M 236.25° — 258.75°
Sector E 78.75°-101.25° Sector N 258.75° - 281.25°
Sector F 101.25°- 123.75° Sector P 281.25° - 303.75°
Sector G 123.75° - 146.25° Sector Q 303.75° - 326.25°
Sector H 146.25° - 168.75° Sector R 326.25° - 348.75°

Figure 3.3-2 Table of Sectors and Angles
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For geographic sites of interest which are already defined in an external GIS software
environment, it may be easier to find the associate TN polar coordinates from within
this GIS software. ArcGIS has this capability in its “Toolbox” feature, and can change
the traditional Lat/Long coordinate system into the TN (0-360 degree) PC needed.

Caution: ArcGIS uses a different “default” traditional polar coordinate system so
be sure that the conversion process gives the final desired TN resulit.
Verify the results manually by referring to an existing accurate map.

The following details this conversion process using ArcGIS (version 9.3.1). Newer
versions of ArcGIS may have different and/or more efficient methods available to the
GIS technician. This process will require the assistance of a trained ArcGIS
professional.

3.4 ARCGIS CONVERSION OF LAT/LONG TO TN POLAR COORDINATES

To perform this conversion in ArcGIS version 9.3.1, there must be two data sets in the
same coordinate system for this task. The first data set is the source (NPP) location.
The second data set is the pre-designated sites of interest.

Within ArcToolbox, select the following options:
Analysis Tools > Proximity > Generate Near Table

A new “.dbf” table will be created, which will contain the Feature ID (unique ID), the
Distance, and Angle. The default of “Find only closest feature” checkbox should
be unchecked, and the “Angle” check box should be checked. The units of
measurement listed in the “Distance” field will be in the same units as the coordinate
system. The “Angle” field calculates bearing differently than how it is needed within
RASCAL. An additional step to recalculate the bearing is needed.

The “Generate Near Table” command within ArcToolbox calculates bearings based
on the traditional polar coordinate model (plus x-axis is zero) as follows:

90°

180%-180° 0°

-90°

Figure 3.4-1 Traditional GIS Polar Coordinate System
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RASCAL requires that SR data points be defined in the TN PC as shown in the image
below.

270°¢ 90

180°

Figure 3.4-2 True North Bearing Coordinate System

In the event that the GIS software used for the conversion process produces a data
set in the traditional GIS polar coordinate format reflected in Figure 3.4-1 instead of the
TN polar coordinate format desired as seen in Figure 3.4-2, use the following process
to make the final translation to TN polar coordinates.

Open the table of traditional GIS coordinates data set in Excel. Paste the following
formula into a new field (and copy the formula into each of the remaining data rows):

=IF(B2>90,450-B2,90-B2)

This assumes B2 is the first cell of the ‘Near’ bearing. The modified “.dbf” file must be
saved as a .cvs text file to be compatible with RASCAL. Verify the results manually by
referring to an existing accurate map.
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3.5 SPECIAL RECEPTORS TABLE STORAGE LOCATION WITHIN RASCAL

For RASCAL to use SR tables they must be stored within the relevant specific NPP

site folder to which they apply. In the image below the csv text tables associated with
the Point Beach NPP are depicted. The storage folder location hierarchy can be seen

highlighted by the red oval.

|| Centerline_S0mile.bd

| || PBEA.gz0
i || PBEAtop
B = PBEA-Plume-Map2.jpg
B | PBEA-Plume-Map5.jpg
| PBEA-Plume-Mapl0.jpg
SR b

Text Document

@ CenterLine_SpecRec_10miles_x0).1miSteps.csv

PBNP_Sectors_P-Rixt Date medified: 2/4/201310:51 AM

| PENP_Sector_H.bd
| PBNP_Sector_) bt
| PBNP_Sector_K.tdt
|| PBNP_Sector_L.bxt
|=_| PBNP_Sector_M.bdt
|| PBNP_Sector_M.bd
| PENP_Sector_P.bdt

Size: 766 bytes

-] ]
— —
@| <« Program Files (86) » RASCAL420 » Site » PBEA ) ~ | 42 || Search PaEA o]
Organize » "l Open = Print E-mail Burn New folder B o [0 @
= . Met Actual = |PEEA-Puff-Mapl0.jpg | PBNP_Sector_Q.bet
| , Met Predefined = PBEA-Puff-Map25.jpg || PBNP_Sector_R.bd
) || Centerline_10mile.txt | PBEA-Puff-Map50.jpg || PBNP_Sector_RA.bd
B || Centerline_25mile.bet || PBNP_Sector_A.bd || PBNP_Sectors_A-L.bd

| PENP_Sectors_All.bd
| PBMP_Sectors_A-Rbd
| PBNP_Sectors_K-L.bd
|| PBNP_Sectors_M-R.bet
|| PBNP_Sectors_P-R.bd

Date created: 2/4,/2013 10:43 AM

1 item selected

Figure 3.5-1 Pt. Beach Special Receptors Table Storage Folder Location
Each individual NPP has its own site folder within RASCAL for storing csv text tables,

so it is important to properly locate and store any such csv text tables.

[F=3 [Eo8 |5
@@v| <« Local Disk (C:) » Program Files (@6) » RASCALA20 » Site » ~ | %3 ][ search site ol
Organize * 7 Open Include in library + Share with = Burn New folder ==~ [0 -Z@l
-

. = MName Date modified Type Size =
5 , PALT 7/2/2012 2:03 PM File folder
! PALO 7/2/2012 2:03 PM File folder
: . PBEA 1/28/2013 1:41 PM File folder
PEAC 7/2/2012 2:03 PM File folder
A |E J PEAK 7/2/2012 2:03 PM File folder
E J PERR 7/2/2012 2:03 PM File folder
a PILG 7/2/2012 2:03 PM File folder
[ , PORT /272012 2:03 PM File folder

E J PRAI 1/28/2013 234 PM  File folder =
Predefined 7/2/2012 File folder
- J PWRI 7/2/2012 2:03 PN File folder
= PWRL 7/2/2012 2:03 PM File folder
S , QUAD 7/2/2012 2:03 PM File folder

ape J RIVR 7/2/2012 2:03 PM File folder B

PEEA Date modified: 1/28/2013 1:41 PM
File folder
1 item selected A& Computer

Figure 3.5-2 Individual NPP Special Receptors Site Folders
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3.6 MANAGING AND MERGING SPECIAL RECEPTORS TABLES

Managing text tables is most easily accomplished with the use of text editing and/or
spreadsheet software. Simple editing or merging of pre-existing text files is most
efficient using the text editor Notepad. If there is a need to re-arrange the order of the
records within a text file it is most efficiently accomplished using the sorting features of
spreadsheet software like Excel.

o[-l
@@?l « RASCAL420 » Site » PBEA » v [ 42| [ Search paeA o
Organize * Include in library + Share with + Slide show Burn b g ~ O -'@Z-
- Met Actual = |PBEA-Plume-Mapl0jpg || PBNP_ Sector P.bet
a s e PBEA-Puff-Mapl0.jpg || PBMP_ Sector_Q.bdt
Glﬁﬁxev_:pec Rec_10miles_x0.1miSteps.csv [ @ﬂapfﬁ Jpg || PBNP_Sector_R.bd
= | Centerline_TOmMe e | PBEA-Puff-Map50.jpg || PBMP_ Sector_RAt
-_' 3 | Centerline_25mile.txd || PBMP_ Sector Attt || PENP_ Sectors A-Lbd
@ feclingotkmhard PEMP_Sector_H.xt || PBMNP_ Sectors_All.tdt
gﬁ.ine}pec Rec_10miles_x0.1miSteps. bt _@um || PENP_ Sectors_A-R.bd
|| PBEA.gzl || PBMP_ Sector_K.tdt || PBMP_ Sectors_K-L.bd
| |PBEACp || PBMP_ Sector_L.bxt || PENP_ Sectors_M-R.bt
-l.; = | PBEA-Plume-Map2.jpg || PBEMP_ Sector_M.bet || PBMNP_Sectors_P-R.bd
= | PBEA-Plume-Map5,jpg || PBMP_ Sector_M.bd
-
32 items
32 items (& Computer

Figure 3.6-1 Pt. Beach Pre-Defined Special Receptors Tables

In the figure above is a collection of files associated with the Pt. Beach NPP. The files
with the extension .jpg are the 800x800 pixel map image files RASCAL shows when
the FP display option is chosen. Note the descriptive naming convention for the files,
which includes the map scale range and also the plume modeling method. These
images can be updated with alternative GIS equivalents, but must meet the exact
scaling and naming conventions shown here, i.e., they replace the original maps.

Note: When saving csv text files from within Excel, a file with the extension .csv
will result (red oval). This in fact is a text file but one that can’t be directly
used by RASCAL because of its .csv extension. To make it a text file
recognized by RASCAL re-name the file by only changing the file
extension from .csv to .txt. A caution will appear but simply confirm “yes”
to complete the re-naming task. The modified file (blue oval) will now
work with RASCAL as a SR text file. Do not save the Excel file as a
DOS(txt) file as the file will contain TAB separated values and not comma
separated values as needed by RASCAL.

Note in the image above there are also merged and un-merged text files associated
with individual NPP sectors. The process of “assembling” individual sector files into
desired merged sector files is accomplished easily with Notepad.
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If it is desired to create a single merged text file named Sectors_PQR from the
individual sectors P, Q and R, perform the following steps:

1) Open the Sector_P file and move the cursor to the end of the file,
2) Perform a File Save As command and name the new file Sectors_PQR,
3) Open the Sector_Q file, highlight the data points in it and copy them,

5) Repeat steps 3) and 4) using the Sector_R file data,

)
)
4) Past the copy of the Sector_Q data into the end of the Sector_PQR file,
)
)

6) Save the merged Sector_PQR file having all desired data sets included.

File Edit Format View Help

| PBNP_Sector_P.txt - Notepad | = || = [[si

P-2,305,1.62,mi

P-3,301,2.74,mi

p-4,292,3.06,mi

P-5,300,4.19,mi

P-6A,293,5.29,mi
P-6B,284,5. 54 ,mi
P-TA,289,6.24 ,mi
P-7B,299,6.23,mi
P-8A,286,7.19,mi
P-88,295,7.11,mi
P-8C,302,7.62,mi
P-9A,283,5. 64 ,mi
P-98,289,5. 94 ,mi
P-10,296,9.13,mi|

4

| PBMP_Sector_Q.txt - Notepad | = || = |[we3s]

Eile Edit Format Miew Help

_10A,317,9.61,m
_108.,306.9.31.mi

Eile Edit Format Miew Help

| PBMP_ Sectors_P-Rixt - Not... | = || = |23

P-2,305,1.62,mi
P-3,301,2.74,mi
P-4,292,3.06,mi
P-5,300,4.19,mi
P-6A,293,5.29,mi
P-6B,284,5. 54, mi
P-7A,289,6.24,mi
P-7B,299,6.23,mi
P-8A,286,7.19,mi
P-8B,295,7.11,mi
P-8C,302,7.62,mi
P-9A,283,8. 64, mi
P-9B,289,8. 94 ,mi
P-10,296,9.13,mi
Q-2,317,1.96,mi
Q-4A,312,3.20,mi
Q-4B,323,3.96,m1
Q-5,312,4.62,mi
Q-6,320,5.36,mi
Q-7,319,6.76,mi
Q-7B,313,6.03,m
Q-7¢,307,6.79,m
Q-8,313,7.45,mi|

4

*

m

| PBNP_Sector Ritxt - Notepad | = || B [[w25]

File Edit Format VYiew Help

R-2,342,1.60,ml L
R-3A,343,2.30,m
R-3B,333,3.02,mi
R-5,341,4.41,mi

R-7B,330,7.03,mi
R-7C,338,6.63,mi
R-8,341,7.57,mi

R-108E,332,10.17,m1
R-10C . 331,0.27 ,mi

Figure 3.6-2 Text File Merging Process Steps Images

Make sure no blank lines exist in the body of the merged file and also that no extra

“hard returns” exist at the end of the file. The final merged Sector_PQR csv text file is

now ready for use by RASCAL.
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3.7 SORTING SPECIAL RECEPTORS TABLES USING EXCEL

In the example above the combined table has its data organized primarily by sector
and then by distance from the source. It may be more desirable to have the table
organized primarily by distance and then by sector. This can be easily accomplished
by opening the table in Excel and use the spreadsheet’s sort function to make the
desired sequence changes. Hint: First change the file extension to .csv from .txt.

Text Import Wizard - Step 1 of 3 @

The Text Wizard has determined that your data is Delimited.
If this is correct, choose Next, or choose the data type that best describes your data.
Criginal data type

athat best describes your data;
- Qharacters such as commas or tabs separate each field.

- Fields are aligned in columns with spaces between each field.

Startimport atrow: |1 =| File origin: 1250 : Central European (Windows) E

Preview of file C:\Program Files (x86) \RASCAL420\5ite \PBEAPENP _Sectors_P-R. tt,

1[p-2,305,1.62,mi
2 lp-3,301,2.74, mi
3lp-4,252,3 06,mi

F-5,300,4.19, mi

P-%A,2923,5.29, mi o

| inish
Cance @) Fnsh |

Figure 3.7-1 Excel Text File Import Screen — Step 1

Text Import Wizard - Step 2 of 3 @
This screen lets you set the delimiters your data contains. You can see how your text is affected in the preview
below.
Delimiters
Wi Treat consecutive delimiters as one
w ext gualifier: | E|
Other:
Data preview
-2 a5 .82 &
-3 a1 T4
-4 82 -0a
-5 aa 215
—-gR ES3 .23 -

| Cancel | | =:Eack(| [ MNext = ] |)Einish |
S "

Figure 3.7-2 Excel Text File Import Screen — Step 2
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The original file, sorted primarily by sector, can be seen below in the left image, and
the file, after being sorted primarily by distance, seen in the right image.

I;_T“ =] @ Nk PENP_Sectors_P-R.bt - Mi... = = 3 |1_7~“ H9-c @ &= PENP_Sectors_P-R.tet - Microso... = = 52
Home | Insert | Page L| Formu | Data| Reviev | View @& o =] Home | Insert | Page Lay | Formula | Data | Review | view | o @ = & =
B [@Z24E Y X8 EINRERECR D LR
Get External Rg‘frgsh ’J il Sort Filter \:, Data | Qutline Get External Rg.frgsh "_1 il Sort Filter \:{ Data | Outline
Data~ Allr = X | Tools~ > Data - Allr = X | Tools~ =
Connections Sort & Filter Connedions Sort & Filter
Al - J| P2 ¥ H16 - £ 5
[ a B C D E F 7y A B C D E F G I
1 [p-2 305 1.62 mi M 1 P2 305 1.62 mi F
2 |P-3 301 2.74 mi 2 R-2 342 1.69 mi
3 P4 292 3.06 mi 3 Q2 317 1.96 mi
4 |P-5 300 4.19 mi 4 R-3A 343 2.3 mi
5 |P-6A 293 5.29 mi 5 |P-3 301 2.74 mi
6 P-GB 284 5.54 mi = 6 |R-3B 333 3.02 mi 24
7 P-7A 289 6.24 mi 7 P-4 292 3.06 mi
8 P-7B 299 6.23 mi & |Q-4A 312 3.2 mi
9 P-8A 286 7.19 mi 9 Q-4B 323 3.96 mi
10 P-8B 295 7.11 mi 10 |P-5 300 4.19 mi
11 P-8C 302 7.62 mi 11 |R-5 341 4.41 mi
12 P-9A 283 8.64 mi 7l 12 Q-5 312 4.62 mi B
13 P-9B 289 8.94 mi 13 |P-6A 293 5.29 mi
14 P-10 296 9.13 mi 14 Q-6 320 5.36 mi
15 Q-2 317 1.96 mi 15 |[R-B6A 344 5.38 mi
16 Q-4A 312 3.2 mi 16 |P-6B 284 5.54 mi
17 Q-4B 323 3.96 mi 17 R-6B 334 5.7 mi
18 Q-5 312 4.62 mi 18 |Q-78 313 6.03 mi
19 Q-6 320 5.36 mi 19 |[R-7A 326 6.17 mi
20 Q-7 319 6.76 mi 20 P-7B 299 6.23 mi
21 Q-78 313 6.03 mi 21 (P-7A 289 6.24 mi
22 Q-7C 307 6.79 mi 22 R-7C 338 6.63 mi
22 N.2 212 7 A5 mi I 2 22107 214 A 76 mi I e
M 4 ¥ ¥| PBNP_Sectors_P-R -~ ¥J 4] T ] | 4 4 » M| PBNP_Sectors_P-R -~ ¥] 4] n ] 0|
Ready | |[Em @ 1003 (=) [} (+) Ready | |[EE M 100 () L) {+)

Figure 3.7-3 Excel Unsorted and Sorted Text Files

If further sorting is desired to make the sector sequence within each mile distance
range follow the alphabetic pattern P, Q R, that will have to be done manually by

moving entire rows into their desired new table position using the Excel “cutting” and

“pasting” functions. For example, to move row Q-2 above row R-2, “cut” row Q-2 and
“paste” it above row R2 using the “Insert Cut Cells” option when pasting.

\"_T‘“ H9-c¢ @ &= PBMNP Sectors_P-R.bt - Microso... o = =R \"_T‘H i lﬂ |+ PBNP Sectors P-R.bd - Microso... = m
Home Inse:t Page Lay Formula Daté Review | View | & @ o & = ! He 1 Paola D Rw v a@o@ =
SREEE AR IGHE B B2 «ER W« B
Get External Refresh = ﬂr Sort Filter ‘:, Data  Qutline Get External Refresh = ﬂr Sort Filter ‘:, Data  Qutline
Data = Allr = 7 Tools~ . Data = Allr = 7 Tools~ .
Connections Sort & Filter Connections Sort & Filter
y A3_ - _ﬁ-__L}Z 24 A2 ! _ﬁ-__(}2 24
[ a [ 8 Gl S il s [ a [ 8 Gl S il s

1 p-2 305 1.62 mi 1 p-2 305 1.62 mi [
2 R-2 342 1.69 mi % 2 a2 317 1.96 mi |§]
3 LQ-Z 317 1.96 mi 3 R-2 342 1.69 mi

4 R-3A 343 2.3 mi 4 R-3A 343 2.3 mi

5 |p-3 301 2.74 mi 5 |p-3 301 2.74 mi

6 R-3B 333 3.02 mi 6 R-3B 333 3.02 mi

7 P4 292 3.06 mi 7 P4 292 3.06 mi

8 Q-4A 312 3.2 mi 8 Q-4A 312 3.2 mi

9 Q-4B 323 3.96 mi 9 Q-4B 323 3.96 mi

10 P-5 300 4,19 mi > 10 P-5 300 4,19 mi >
M 4+ M| PBNP_Sectors P-R /¥ ] Tl | 21 M 4+ M| PBNP_Sectors P-R /¥ ] ] | 21

Average: 15948  Count:4 Sum:31896 |[55|[O] [0 100% Average: 15948  Count:4 Sum:31896 |[55|[O] [0 100%

Figure 3.7-4 Excel Table Row Moving by Cutting and Pasting

Once the file re-organization is complete resave the file as an Excel .csv file and again
rename the file to change the extension from .csv to .txt.
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3.8 CREATIVE USES OF SPECIAL RECEPTORS TABLES

The SR table can be designed in any geographic arrangement desired to
accommodate any special need for data at any given location.

Of special interest are data values that lie along the centerline of the release. These
values can be obtained at any distance and at any desired interval by designing a SR
table to meet those parameters. Below is an example of two such centerline tables.

| Centerline_10mile.bd - Notepad | — || @ |[w23s] | | 11-30 x Mile 330deg Tabletd... | = || = |[n25a]

File Edit Format View Help File Edit Format View Help
CL-0.5,23,.5,mi - fL-11,330,11,mi "
CL-1.0,23,1,mi CL-12,330,12,mi

cL-1.5,23,1.5,mi CL-13,330,13,mi

CL-2.0,23,2,mi CL-14,330,14,mi

CL-2.5,23,2.5,mi CL-15,330,15,mi

CL-3.0,23,3,mi CL-16,330,16,mi

CL-3.5,23,3.5,mi CL-17,330,17,mi

CL-4.0,23,4,mi CL-18,330,18,mi

CL-4.5,23,4.5,mi CL-19,330,19,mi
CL-5.0,23,5,mi CL-20,330,20,mi
CL-5.5,23,5.5,mi CL-21,330,21,mi

m
m

CL-6.0,23,6,mi CL-22,330,22,mi
CL-6.5,23,6.5,mi CL-23,330,23,mi
CL-7.0,23,7,mi CL-24,330,24 ,mi
CL-7.5,23,7.5,mi CL-25,330,25,mi
CL-B.0,23,8,mi CL-26,330,21,mi
CL-B.5,23,8.5,mi CL-27,330,22,mi
CL-9.0,23,9,mi CL-28,330,23,mi
CL-9.5,23,9.5,mi CL-29,330,24 ,mi
CL-10.0,23,10,mi CL-30,330,25,mi

I L I

Figure 3.8-1 Examples of Special Centerline Text Files

The first table will provide centerline (wind direction towards 23 degrees) data every
one-half mile starting at 0.5 miles and ending at 10.0 miles. The second table will
provide centerline (wind direction towards 330 degrees) data every mile starting at
11.0 miles and ending at 30.0 miles. Each SR table can have up to 100 lines of
location data points and can provide great flexibility in defining values at custom
locations of interest. Also, if wind shifts are a factor a series of centerline tables can
be made to “follow” the shift by using them in the RASCAL calculations at the
appropriate time. HINT: Use the “Edit -Replace” feature in Notepad to quickly change
common centerline wind direction towards degree values.

The RASCAL Puff Model, as used with the 10, 25 and 50 mile FP and NT displays,
has only the same fixed number of data points (a 41x41 point grid) available at each of
these three calculation distances. Therefore, the resolution of the data grid decreases
as the calculation distance increases. That is to say for a 50 mile calculation any pair
of these data points are a minimum of 2.5 miles apart.

By creating SR tables that fill these resolution voids, it is possible to generate a more
concentrated set of field data values in any area of interest. Combining this more
concentrated SR output data array set with FP and/or NT calculation data output
results will give the external GIS software more data points upon which to “smooth”
map images and better reflect desired map legend range boundary values. Again,
each SR table can have up to 100 lines of location data points and can provide great
flexibility in defining values at custom locations of interest.
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Examples of other non-centerline SR data array and business activity text tables can
be seen in the following figures.

J 15 Mile x 5 Radial Degrees.txt ... EI@

Eile Edit Format Miew Help

| SpecialReceptors PreDefinedUniq... | = || = |[ma)

File Edit Format View Help

15mix360deq, 360,15, mi -
15mix355deq, 355,15, mi
15mix350deq, 350,15, mi
15mix345deq, 345,15, mi
15mix340deq, 340,15, mi
15mix335deq, 335,15, mi
15mix330deqg, 330,15, mi

Dairy Farm,112.9,4.4 ,mi -
geef Farm,139.9,4.7,mi
Dairy Farm,131.9,4.7,mi
Horse Ranch,36.2,4.8,mi
organic fFarm,37.3,5.0,mi
Dairy Farm,97.3,5.0,mi
Dairy Farm,31.9,5.0,mi
Dairy Farm,70.8,5.1,mi
Apple orchard,41.5,5.2,mi

m

15mix325deq,325,15,mi

15mix320deg, 320,15, mi pary Earmsé‘*%-%sg-%m
15mix315deg, 315,15, mi L et ranch 75, 505 e
15mix310deqg, 310,15, mi 3 Apn] hard 83 578 7 mi
\ , pple orchard,93.5,5.7,mi
15mix305deg, 305,15, mi pairy Farm,133.4,5.9,m]
15mix300deg, 300,15, mi pairy Farm,128.3,5.9,mi
15m1x295deg,295,15,mj Dairy Farm,100.6,6.0,mi
15mix290deq, 290,15, mi Dairy Farm,112.5,6.1,mi
15mix285deq,285,15,mi pairy Farm,126.1,6.2,mi
15mix280deq, 280,15, m1 Horse Ranch,10.3,6.2,mi
15mix275deq, 275,15, mi Goat Ranch,50.7,6.3,mi
lSm'ixE?Ddeg,E?O,lS,m'i Dairy Farm,143.2,6.4,mi .
15mix265deg, 265,15 ,mi vegetable Farm,152.1,6.4,mi
! e - Goat Ranch,109.2,6.5,mi

F , Fi }

Figure 3.8-2 Examples of Special Data Array Text Files

The figure on the left sets data locations at a fixed 15 mile distance from the source
and follow an arc creating data points every 5 radial degrees outside the 10 mile EPZ.
The figure on the right establishes a SR table listing important activities of interest that
may be impacted by a release. RASCAL downwind projections can be obtained at
these specific locations by using the SR output display option.

It is very useful to have this SR table flexibility in creating site locations for ingestion
phase related activities where much larger distances can be encountered, yet where
more densely packed data points may be desirable to improve map detail within the
impacted area.

Remember each SR text table can have up to 100 rows of site locations included, and
an unlimited number of separate tables can be stored in each NPP site folder within
RASCAL.
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4.0 PERFORMANCE BY PROJECTION

Radiological data and map resources are developed for both support of an actual
emergency response, and training support for drills and exercises. The following
sections will address using RASCAL from both perspectives, but in most cases will start
from the point at which RASCAL has already completed a dose projection calculation
(except for the first section). Once this projection calculation is completed, what can be
gleaned from the various available RASCAL projection outputs?

4.1 SOURCE TERMS - THE FUEL OF THE PROJECTION ENGINE

Every projection (output) from RASCAL is based on the source term, release path and
met input parameters and values. “Garbage In = Garbage Out.” For real events this
information will be defined by the actual situation and produce its dependent projection
outputs (Real In = Real Out). However, in the case of drills/exercises desired outputs
are defined by the scenario, and the inputs are the dependent parameters that must
be determined to produce the desired result (What In? = Desired Out).

Desired drills/exercises outcomes are pre-determined by mandated exercise criteria
requiring participant decision makers to issue appropriate PARs and PADs based on
PAGs, DRLs, and DILs. PAGs are associated with all three response phases,
emergency, intermediate and late, and affect decisions regarding evacuation, re-entry,
relocation, return and ingestion. DRLs are generally associated with the intermediate
and late phases affecting relocation, return and ingestion. DILs are specifically
associated with ingestion, in both the intermediate and late phases.

4.1.1 Desired Dose Projection Outcomes Impact on Scenarios

The totality of the desired drill/exercise outcomes will affect the difficulty in finding a
scenario that meets all the simultaneous criteria of interest. If the outcome is to only
test the emergency (plume) phase within the 10 mile EPZ many different RASCAL
scenarios input options can be used. This is the most common, well defined and
easiest exercise option to implement.

If the intermediate phase activities are also included in the scenario, decision
makers will be required to consider as a minimum re-entry, relocation and return.
When this scenario choice is made, demonstrating relocation can become a
challenge. The Federal Emergency Management Agency (FEMA) has redefined
the exercise criteria to require that relocation be demonstrated on those persons not
previously evacuated, though relocation decisions are also required regarding
persons who were previously evacuated. If the wrong ST is chosen, meeting this
criteria will not be possible without artificially creating a relocation “hot spot” outside
the previously evacuation area. It is possible however, if chosen carefully, to find a
ST that will result in relocation being required beyond the previously evacuated
area. See Section 4.2 below for more details on a comparison of two such STs.

Ingestion scenarios shift the decision making focus from dose received directly from
a plume or deposited nuclides, to doses potentially or actually received from eating
contaminated foods. It typically further expands the response area to the 25 mile or
the 50 mile ingestion EPZ. The environmental parameters of interest, obtainable
from the RASCAL output, and which can be used to find an appropriate IPX ST are
the deposition concentrations of I-131 and Cs-137*.
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4.1.2 Determining a Workable ST for an Ingestion Scenario

First decide what range within the 50 mile ingestion EPZ the scenario is intended to
impact (>10 but <50 miles). Keep in mind that the resultant release will need to
contain the nuclides 1-131 and Cs-137* so Halogens and Particulates must be
released. Create a ST, release path and met conditions that would result in a
minimal off-site plume. Run the calculation to 50 miles with sufficient calculation
time to make sure the entire plume has exited the 50 mile ingestion EPZ.

[-131 is the most significant nuclide when considering ingestion so it will be used to
determine the maximum centerline down range distance impacted. The number
prefered for comparison with the RASCAL projection output is the I-131 ingestion
deposition concentration milk DRL value of 8.8E-03 uCi/m?,

After running the calculation, proceed to the Detailed Results screen and select the
choices: Ground Concentration of: I-131 and NT from 50 mile calculation, and
click the Display Results button. The following screen image will appear showing
values for the 1-131 deposition concentrations based on the ST inputs. Insert the
0.0088 uCi/m? milk DRL value in the lower left box (red oval) and click on the Color
button. All values equal to or greater than the value in the box will be highlighted in
yellow. The maximum range is shown in the blue oval.

The maximum down range distance for I-131 DRL value for this ST is 30.0 miles
North by 25.0 miles West and falls within the 50 mile ingestion EPZ, so this ST
would nicely support an ingestion only exercise (however it will not support the
evacuation mandates of a PPX). If the I-131 DRL values fall outside the 50 mile
ingestion EPZ a smaller ST can be tried.

B 50-mile Mumeric Table ==

Surface Concentration of 1-131  [pCi/m?®)
Deposited between 2010/08/24 08:45 and 2010708725 08:45

Distances are in miles from releaze point

27.50Ww 2500w 2250w 2000w 17.50 W 16.00 W 12.50W 10.00 W 0750w 05.00 02.50% «
3750 457E-03  1.98E-03  4.80E-04  4.26E-06 -
35.00 N ALEED 221E-04 -
3250 eZlE - 7.10E-03 E 9.68E-04  1.95E-05 -
30.00H E.95E-03°  91BE-03  B.95E-O 268E-03  419E-04 -
2750 SEE- 9.12E-03 2 E47E-03  1.75E-03 911E05 -
25.00 M 4,20k 1.00E-02  5.46E-03  9.93E-04 -
2250 1.62E-04  1.23E-03  5.00E-03°  1.04E-02  1.0BE-02  4.01E-03  2VSE-04 -
20,00 W 7.4BE-05  1.18E-03 5.80E-03  1.38E-02 1.15E-02  224E-03 - E
17.50H 9.73E-06  1.0E-03  G.8GE-03  1.6BE-0Z2  9.98E-03  7.63E-04 -
15.00 M 9.58E-04  8.31E-03  202E-02 6.83E-03  1.00E-05 -
1250 7.76E-04  1.07E-02  238E-02  287E-03 -
10.00 W 5.30E-04 1.44E-02  285E-02  1.83E-04 -
0750 1.81E-04 219602 1.91E-02 -
05.00 M 389E-02 30
0250 7.8
00.00
02505
05.00 5
07.505
12505 i
4 T [3

Colar all cells with a valu & B0E-03 P it_ion cursor over cell to zee Export | 0K, |
equal to or greater than: p€aring and distance =
FPrint | Help |

Click cell to plot doze rate vz time

Figure 4.1.2-1 1-131 DRL Deposition Concentration Verification - NT
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An alternative method for checking that the chosen ST is appropriate is to create a
SR text table based on the wind towards centerline direction of 320 degrees (the
direction of plume travel) and having 1 mile increment range values out to 50 miles.
Using this custom SR text table, the centerline distance to the I-131 milk DRL
deposition concentration of interest can also be determined.

After running the calculation, proceed to the Detailed Results screen and load the
custom SR 320 degree centerline table (Define Receptors - Load), click the Okay
button, choose the Special Receptors display option and click on the Display
Result button. The following screen image will appear showing values for the I-131
deposition concentrations along the 320 degree centerline based on the chosen ST.

Scroll down the table until you find the 0.0088 pCi/m? I-131 milk DRL value. The
maximum centerline downwind range is 39-40 miles (highlighted by the blue oval).

This SR method again shows the maximum down range distance falls within the
desired 50 mile ingestion EPZ for the chosen ST.

B3 Dose Values at Special Receptors @
Surface Concentration [pCifm?) of 1-131
Deposited between 2010/08/24 08:45 and 2010/08/25 08:45
Receptor name WCid e Bearing Distance Dizt Units Latitude | Longitude -
CL320-20 1.78E-02 3200 200 i 44842445 92893423
CL320-21 1.42E-02 3200 21.0 i 44853555 -92.906494
CL320-22 1.38E-02 3200 220 i 44 BB4BE3 92919570
CL320-23 1.58E-02 3200 230 i 44 875770 92932651
CL320-24 1.39€E-02 3200 24.0 i 44 886875 92945738
CL320-25 1.25E-02 3200 280 i 44 897978 92958829
CL320-26 1.30E-02 3200 26.0 i 44909081 92971925
CL320-27 1.30E-02 3200 270 i 44920181 92985027
CL320-28 1.18E-02 3200 280 i 44 931281 92998133
CL320-29 1.14E-02 3200 290 i 44942378 93011245
CL320-30 1.11E-02 3200 an.o i 44 953474 93024361
CL320-31 1.11E-02 3200 .0 i 44 964569 -93.037483
CL320-32 1.05E-02 3200 320 i 44 975662 -93.060609
CL320-33 1.01E-02 3200 330 i 44 986783 -93.06374
CL320-34 9.65E-03 3200 34.0 i 44997843 -93.076878
CL320-35 1.00E-02 3200 B0 i 45008932 -93.090020
CL320-36 9.60E-03 3200 360 i 45020019 93103167 (|5
CL320-37 8.78E-03 3200 7o i 45031104 93116319
g ) 3200 380 i 45042188 93129476
CL320-39 9.04E-03 3200 390 i 45083270 93142638
CL320-40 8.24E-03 3200 0.0 i 45064351 -93.155805 e
" 3200 1.0 i 45075430 93168977 —
CL320-42 7.90E-03 3200 420 i 45086608 93182155
CL320-43 7.8BE-03 3200 430 i 45097584 93195337
CL320-44 7.29E-03 3200 440 i 45108658  -93.208525
CL320-45 7.03E-03 3200 480 i 4511973 83221718
CL320-46 7.13E-03 3200 460 i 45130803 -93.234915) 7 X

Figure 4.1.2-2 1-131 DRL Deposition Concentration Verification - SR
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4.2 SOURCE TERM TO DOSE (STD) PROJECTION VALUES

In addition to the original 96 hr (4 day) evacuation dose projections, RASCAL had
added to its STD module 1% and 2" year relocation dose projections. This gives the
decision makers a new capability in addressing post plume intermediate phase chronic
exposure dose projections.

4.2.1 RASCAL Dose Projection Values

The following familiar image shows the resultant RASCAL dose projections for a
completed Core Damage calculation. Note this display identifies both the Thyroid
centerline dose values (red oval) and 2" year intermediate phase relocation
centerline dose values (blue oval), and the distances at which each of their
respective PAGs are exceeded.

Source Term to Dose - [NREP_2013_PINGP_CoreDamage_2012Relocation_10mile.STD] =] =] s
File Settings Muclide Data Viewer Site / Facility Data Viewer Help

Folllow the stepg below to
define and run a problem Usze the Tabs below to review information.

[@ Event Type l
NFF Feactar Maximum Dose Values (rem) - To 10 mi =

Distfrom release

- miles 3 4 5 7 10
[@ Event Location l (kilometers) (4.8) (6.4) (8.0) (11.3) {16.1)
Prairie [sland - Unit 1
Total EDE f o #8501 35E-01  2.4E-01
Thyroid CDE C BOE+00  57E+00  4TE00 SE+00  24E+00
[@ Source Term ] Inhalation CEDE e VR T Y=Y BT 25E-01  1.7E-01 E
- Cloudshine 24E02  22E02  13E02  13E02  7.9E-03
Time Core Is U d
A b e 4-day Groundshine 16E-01  15E01  12E01  80E02  58E02
Inter Phase 1stYr 1.7E+0D - 6.2E-01
l@ Release Path ] Inter Phase 2nd Yr 7.6E-0 7AE-01  59E-01  4.3E-01 BE-01
PR Dy Motes:

» Doses exceeding PAGs are underlined.
» Early-Phase PAGs: TEDE - 1 rem, Thyroid (iodine) CDE - 5 rem
l * Intermediate-Phase PAGs: 1styear- 2 rem, 2nd year - 0.5 rem

[ @ Meteorology

Predefined Conditions +Inhalation dose factors used: FGR 11 (ICRP 26)
« *** indicates values less than 1 mrem et
4 n [3
Yalue displayed: ¢ Close-in dose Dizplay units: &+ English
[@galculale Doics l + Dioszes to 10 miles " Metric — =
- D efinitions Frint
@Qelailed Results l
[ IH Save Case l Caze Summary J\ Source Term l

Figure 4.2.1 RASCAL Dose Projection Values - Core Damage

Notice that for this dose projection calculation the 2" year relocation PAG is
exceeded beyond 5 miles, but the evacuation PAG is not exceeded beyond 5 miles.

This scenario would readily support the FEMA exercise requirement to demonstrate
relocation of persons not previously evacuated as evacuation would be to 5 miles,
but relocation appears to be needed to greater than 5 miles.
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4.2.2 Source Term Impact on Evacuation/Relocation Dose Projections

The evacuation PAGs are based on doses that include both the plume and any
deposition of nuclides to the ground, projected for exposures up to 4 days.

The relocation PAGs are based on post plume deposition ground concentrations
only, and can come into the decision making process at any time after the release is
terminated and the plume has dispersed.

When the ST has an abundance of all nuclides (or high levels of non-Noble Gas
nuclides) released it will favor increasing the relocation distances. When the ST
has a lower level of non-Noble Gas nuclides, it will favor decreasing the relocation
distances. Below is a dose projection based on a Monitored Mixture ST for
comparison to the above dose projections from the Core Damage ST.

In this case the order of the two PAGs exceeded is reversed, with the 1% year

relocation PAG exceeded only to about 0.2 miles (the 2" year PAG not exceeded
at all) and the evacuation PAG exceeded beyond 4 miles.

This scenario would suggest an evacuation to 5 miles and would require the
generation of a “hot spot” outside the evacuated area to meet FEAM exercise
expectations for demonstrating relocation of persons not previously evacuated.

Source Term to Dose - [NREP_2013_PINGP_ManMixtures_2012Relocation_10mile.5TD] =] =] s
File Settings Muclide Data Viewer Site / Facility Data Viewer Help

Foll_ow the steps below ta
define and run a problem Uze the Tabs below to review infarmation,

[@ Event Type l
NFF Esactar Maximum Dose Values (rem) - To 10 mi =

Dist from release

x miles T 10
[@ Eepklocation l (kilameters) (11.3) (16.1)
Prairie lzland - Unit 1
Total EDE BEE-01  41E-01
Thyroid CDE . 29E+00  2.0E+00
|©@ SowceTem | | |ihaation CEDE " 11E-01  7.4E-02 E
Cloudshine 11E+00 BOE-01  32E-01

Effluent Releaszes - by

Mixtures 3.6E-02 25E-02 1.5E-02

2502 3.9E-02 2.6E-02
£-03 1.3E-03 =

4-day Groundshine
Inter Phase 15t Y

[@ Release Path ] Inter Phase 2nd

Direct to atmozphere Notes:
» Doses exceeding PAGs are underlined.

= Early-Phase PAGs: TEDE - 1 rem, Thyroid (iodine) CDE - 5 rem
[@ Meteorology l + Intermediate-Phase PAGs: 1styear- 2 rem, 2nd year - 0.5 rem
Fredefined Conditions * Inhalation dose factors used: FGR 11 (ICRP 26)

= *** indicates values less than 1 mrem
4 m 3

Walue displayed:  ( Cloze-in dose Displap unitz:. & English
[ @ e e l {+ Dozesto 10 miles i Metric — -
~ D efinitions Fritt
[ [# Detailed Results l
[ I Save Case l Case Summary J\ Source Term l

Figure 4.2.2-1 RASCAL Dose Projection Values - MonMixtures

The two images on the following page respectively show the comparison of the two
nuclide STs for the Core Damage and Monitored Mixtures scenarios. It can be
seen that the nuclides contributing to each ST are quite different, thus having quite
different effects on the evacuation and relocation dose projection calculations.
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Source Term to Dose - [NREP_2013_PINGP_CoreDamage_2012Relocation_10mile.STD] [ =] ]
File Settings Muclide Data Viewer Site / Facility Data Viewer Help
PR ientc obm (o Only about 2/3 of the nuclide list
efire and run a problem Lss the Tahs belogw Lo s formation,
can be seen on this screen shot.
[ Event Type
MPP Reactor Source Term =
Total amount released to atmosphere: 3.9E+05 Ci
[ Event Location . . . . . .
Nuclide Ci Nuclide Ci Nuclide Ci
Prairie |sland - Unit 1 Am-241  13E-05 La-142 3.0E+01 Sr-91 2 4E+03
Ba-139 5.TE+02 Mo-99 2 1E+02 Sr-92 1.2E+03 =
[@ N Ba-140 5 2E+03 Nb-95 2 2E+02 Tc-99m 1.9E+02 1
= Ce-141 2.2E+02 Nb-97 8.8E+00 Te-127 6.8E+02
Time Core Is Uncovered Ce-143 1.9E+02 Nd-147 8.4E+01 Te-12Tm  1.1E+02
Ce-144% 1.8E+02 Np-239 2 BE+03 Te-129 4 8E+02
l@ Bl Cm-242 5 4E+00 Pm-147 1.1E-02 Te-129m 4 6E+02
= Cs-134 21E+03 Pr-143 1.9E+02 Te-131 3.0E+02
PR Dy Cs-136 B 4E+02 Pr-144 1.8E+02 Te-131m  1.4E+03
Cs-137% 1.4E+03 Pu-238 2.2E-05 Te-132 1.0E+04
Cs-138 4 0E+02 Pu-239 4 1E-05 Xe-131m  1.0E+03
l@ Meleoiolony 1131 1.5E+04 Pu-241  17E+01 Xe-133 1.5E+05
Predefined Conditions 1-132 2 0E+04 Rb-86 3.0E+01 ¥e-133m  4.6E+03
1133 2TE+04 Rb-88 1.6E+04 Ke-135 5.3E+04
134 2.6E+03 Rh-103m  1.8E+02 Xe-135m  8.8E+03
1135 1 9F+N4 Rh-10A 1 9F+N?2 ¥a-13R 9 EF+M =
[@Qalculale Doses
Display units: {* English Release ve Time Frint
[# Detailed Results " Metric
[ H Save Case Caze Summary J\ M aximum Doze Values

Figure 4.2.2-2 ST Nuclide List - Core Damage Scenario

Source Term to Dose - [NREP_2013_PINGP_ManMixtures_2012Relocation_10mile.5TD] =] =] s
File Settings Muclide Data Viewer Site / Facility Data Viewer Help
Foll_ow the steps below ta
define and run a problem Uze the Tabs below to review infarmation,
[ Event Type
MPP Reactor Source Term
Total amount released to atmosphere: 3.6E+07 Ci
[ Event Location . . . . . i
— - Nuclide  Ci Nuclide  Ci Nuclide  Ci
Prairie [sland - Unit 1 Cs-134  6.7E+00 1134 1.8E+01 Rb-88 1.7E+06
Cs-136 21E+00 I-135 4 5E+02 Xe-131m  1.7E+05
[@ TR Cs-137* 4 BE+00 Kr-83m 2 2E+05 ¥e-133 2 5E407
— Cs-138 1.5E+01 Kr-85 1.3E+05 Xe-133m  7.5E+05
Effluent Releases - by 131 1.8E+04 Kr-86m 1.3E+06 Ke-135 4 5E+06
Mixtures 1-132 1.3E+02 Kr-87 3.9E+05 Xe-135m  6.9E+01
[@ Release Path 1133 6.8E+02 Kr-88 2 3E+06 ¥e-138 25E+01
Direct to atmosphere MNotes:
= Muclides with * in name include implicit daughters.
[@ Meteorology
Predefined Conditions
[@Qalculale Doszes
Display units: ¢ English Releaze ve. Time Print
[# Detailed Results " Metric
[ H Save Case Caze Summary J\ M aximum Dose Values

Figure 4.2.2-3 ST Nuclide List - Monitored Mixtures Scenario
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4.3 DEVELOPING INITIAL SAMPLING STRATEGIES FROM PROJECTIONS
The dose projections shown below are based on a Core Damage scenario.

Source Term to Dose - [NREP_2013_KPS_CoreDamage_2011PPX_10mile_R.STD] =] =] s
File Settings Muclide Data Viewer Site / Facility Data Viewer Help

Folllow the stepg below to
define and run a problem Usze the Tabs below to review information.

[@ Event Type l
NFF Feactar Maximum Dose Values (rem) - To 10 mi =

Distfrom release

- miles 7 10
| @ Event Location _ | (kilameters) (11.3) (16.1)
Fewaunes
Total EDE 22E-01  16E-01
Thyroid CDE 38E+00  2.3E+00
[@ Source Term l Inhalation CEDE 1.4E-01 1.1E-01 E
= Cloudshine : 19E02  1.2E-02
Specified Core D
e 4-day Groundshine 10E-01  98E02  84E02____A2F0 44E-02
Inter Phase 1stYr 1.6E+00 1.5E+00 . : B
[@ Release Path l Inter Phase 2nd Yr 94E-01  9.0E-01
PR Dy Motes:

» Doses exceeding PAGs are underlined.
» Early-Phase PAGs: TEDE - 1 rem, Thyroid (iodine) CDE - 5 rem
l * Intermediate-Phase PAGs: 1styear- 2 rem, 2nd year - 0.5 rem

[ @ Meteorology

Actual Dbservations *Inhalation dose factors used: FGR 11 (ICRP 26)
« *** indicates values less than 1 mrem et
4 n [3
Yalue displayed: ¢ Close-in dose Dizplay units: &+ English
[@Qalculale Doicd l + Dogzes to 10 miles " Metric o :
- D efinitions Frint
[ [#] Detailed Results l
| I Save Case | Case Summary J\ Source Term l M aximum Doze ¥alues

Figure 4.3 Initial Dose Projections - Core Damage Scenario

This dose projection triggers a PAD for an evacuation to 5 miles downwind in sectors
K, L, M, and N (red oval). It can be seen that the 2" year relocation is projected to be
a likely factor beyond 5 miles but not beyond 10 miles (blue oval). As soon as the
evacuation is implemented there will be pressure to accommodate re-entry, and close
behind that to deal with relocation mandates, options and issues.

Remember that those persons not evacuated will only be relocated if their habitation
location has a dose value that exceeds a relocation PAG; and also that those persons
who were previously evacuated can be allowed to return as soon as it is clearly shown
that none of the relocation PAGs are exceeded at their normal habitation location.

To put things into perspective, it is the determination of the final relocation boundary
that defines the final restricted area, not the boundary defined by the evacuation.
Therefore, the goal would be to (as quickly as practical) determine the ultimate final
restricted area defined by the relocation boundary. This relocation boundary could be
greater than or less than the PAD established evacuation boundary.

This boundary re-definition goal is accomplished by directing field teams to complete
an investigation of the entire impacted area. It is neither convenient nor efficient to try
to identify boundaries using dose values, but rather initially using exposure rates which
field teams can readily “see” with survey instruments, and ultimately from collected soll
samples analyzed for nuclide ground deposition concentrations.
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4.3.1 Relating Dose Projections Boundaries to Exposure Rates

Where a “boundary edge” exists can be based either on a “boundary value” or the
decision maker’s “boundary philosophy”. Whenever possible, it is better to
definitively quantify a “working boundary value” for directing field team activities.
The boundaries of interest here are the evacuation and relocation boundaries. The
following images and RASCAL procedure will help to give a viable initial definition
to a “working boundary value” defined as an exposure rate based on a projection.

Source Term to Dose - [PINGP_CoreDamage_Contleakage_StdMet_ValidationF.5TD] E@
File Settings Muclide Data Viewer Site / Facility Data Viewer Help

Foll_ow the steps below ta
define and run a problem Uze the Tabs below to review infarmation,

[@ Event Type l
NFF Esactar Maximum Dose Values (rem) - To 10 mi =

Dist from release

x miles 3
| @ EventLocation _ | (kilameters) (4.8)
Prairie lzland - Unit 1
Total EDE 7.5E-01
Thyroid CDE 7.0E+00
[@ Source Term ] Inhalation CEDE 5.2E-01 3
3 Cloudshing 2. 7E-02
Time Core | LU d
Ml 4-day Groundshine 2 0E-01
Inter Phase 1stYr 2.0E+00  1.9E+00
[@ Release Path ] Inter Phase 2nd Yr 91E-01  B.4E-01
FhéR Dy Motes:

» Doses exceeding PAGs are underlined.

* Early-Phase PAGs: TEDE - 1 rem, Thyroid (iodine) CDE - 5 rem
[@ Meteorology l + Intermediate-Phase PAGs: 1styear- 2 rem, 2nd year - 0.5 rem
Fredefined Conditions * Inhalation dose factors used: FGR 11 (ICRP 26)

= *** indicates values less than 1 mrem
4 m 3

Walue displayed:  ( Cloze-in dose Displap unitz:. & English
[ @ ColeulateDozas l {+ Dozesto 10 miles i Metric — -
~ D efinitions Fritt
[ [# Detailed Results l
[ I Save Case l Case Summary J\ Source Term l

Figure 4.3.1-1 Initial Dose Projections - PAGs Exceeded Ranges

The evacuation PAG and both the 1 year and 2" year relocation PAGs relate to
inside the 10 mile EPZ. The 1% year relocation boundary appears well inside the
evacuation and 2" year relocation boundaries so it will not be considered as the
primary factor in directing initial field team soil sampling activities.

Based on the RASCAL projections for this ST, the evacuation would be completed
to 10 miles, and the 2" year relocation boundary appears to be inside this 10 mile
evacuation distance. The 2™ year relocation dose boundary will now be redefined
in terms of a gamma exposure rate “boundary value” which can then be used to
direct initial field team post plume soil sampling. The sampling plan will later be
modified when actual nuclide soil sampling data analysis results are available.

This process involves identifying the maximum 2™ year PAG relocation centerline
distance (boundary location) that the relocation PAG is exceeded (~7 miles), and
then for that specific centerline location determine the associated centerline gamma
exposure rate value that represents this relocation boundary.
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Select the following screen display results choices as indicated. These steps
assume a post plume environment having a uniform deposition of nuclides.

[ Detailed Results of Dose Calculations @

Result Type
" Inhalation CEDE " Esternal Gamma Exposure Rate " Acute Bone Dose Total

[cloudshine + groundshine)

" TEDE " Cloudshine Dose " Acute Bone from Inhalation Oriy

" 4Day Groundshine Dose " Ewternal Gamma + Beta Exposure Rate

" Acute Lung Dose

" Acute Colon Dose

" Groundshine Dose Over Defined Time Period

" Thyroid CDE " Ground Concentration - Tatal

" Ground Concentration of. | &m-241

e IENE

@ 2nd pear Intermediate Phaze TEDE

" Bl year T ase |EDE 7 1131 Air Concentration
Time Period fg Display Format Dizplay Units

From 10-mile calculation &+ English

5l

& Start of release to end of caloulation

e

Fram:

201210405 01:00

| =l < Display Result
To: Define Receptors

[z012/10005 03.00 =]

From close-in calculation

2 " Footprint %
2012410405 09:00
| J " Mumeric table E xit

Figure 4.3.1-2 Finding Boundary Values - Display Screen Setup

53 10-mile Mumeric Table @
Second Year - Intermediate Phase TEDE [rem)
From deposition between 2012/10/05 01:00 and 2012/10/05 09:00
Distances are in miles from releaze point
0250 E 03.00E 0350 E 04.00E 04.50E 05.00E 0550E OE.00E OEE0E 07.00E 07.50F «
04.50M
04.00 M
03.50M
0250M 348
02.00M ES4E-05  B13E-03  1.0SE-02 1R
01.50M A7EBE-03  1.3BE-02  242E-02  35BE-02 AFEEDZ BSFEDZ FAC
01.00M 1.87E-02  3BBE-02  B54E-02  BO0BE0Z 102EM 128E 14BE 1EFENT 183ED 1.54E01 207
00.50 M 3.82E-01  410E-01 453E-01 4BBED1 455E1 452E1 445E01 434EM arE 4.00E-01 :
00.00 101E+00  9.0BE-01  893E-01 843E-01 7E5E-O1  B99E-O1  B4BE-O1  B88E.O 554E-1  B11E-M ,
00.505 382E-01  4710E-01 453E-01 4BEBED1 455EM 452E 445E01 434EM : :
01.005 1.87E-02  3BBE-02  B.54E-02  BO0BE0Z 102EM 128E 14BE 1EFENDT 183EM 14BN 207
01.505 A7EBE-03  1.3BE-02  242E-02  35BE-02 AFEEDZ BSFEDZ FAC
02.005 ES4E-05  B13E-03  1.0SE-02 1R
02505 348
03.005
03505
04.005
04505
05.005 - i
4 1 3
Calor all cells with a value Poswt_ion LIS Over cell to see Export | ,TI
equal to or greater than: bearing and distance
SNGEED Dose rate vs time plat not available Bint | Help |
far this result type

Figure 4.3.1-3 Finding Boundary Values — Numeric Table Results

Using the 2" year relocation PAG value, of 0.5 rem (red oval), to “color” the dose
values, the maximum centerline distance for this value is 7.0 miles. Note this
specific cell location (7.0E x 0.0) in the NT grid. The associated gamma exposure
rate value at this same specific boundary (cell) location will now be determined.
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5. Detailed Results of Dose Calculations

Result Tupe
" Inhalation CEDE External Gamma Expozuie Rate
 TEDE  Cloudshine Dose [eloudshine + groundshine)
¢ 4-Day Groundshine Dose " Esternal lramma + Beta Exposure Rate
" Groundshine Dose Over Defined Time Period
" Thyroid CDE " Ground Concentration - Total
" Ground Concenlration of: | &m-241

" 13t pear Intermediate Phase TEDE
" 2nd year Intermediate Phase TEDE

" B0 year Intermediate Phase TEDE 11131 Air Concentration

From:
|2D1 2410405 07:00

Define Receptors

From close-in calculation

To:
|2D1 2,410,405 09:00

* Rate at single time:
|2D1 2/10/05 09:00

™ Footprint

" Mumeric table

" &cute Bone Dose Total
" Acute Bone from Inhalation Only
" Acute Lung Dose

" Acute Colon Dose

Time Period for Exposure Digplay Format Dizplay Unitz
- Fram 10-mile calculation &+ English
c gl

Help
Exit

Figure 4.3.1-4 Associated Exposure Rate - Display Screen Setup

B3 10-mile Mumeric Table ==
External Gamma Exposure Rate [mR/h)
Dose Rate at 2012/10/05 09:00
Distances are in miles from releaze point
03.00 E 03.50E 04.00 E 04.50E 05.00 E 05.50E 0E.00 E 0E.50 E 07.00E 07.50E 08.00F «
04.50 N
04.00 N
0350
0300
0250 - 1.58E-05 1.4
0200 J56E-04 288E-02  BOBE-DZ  9.28E-02 1.2
01.50H - 267E-02  7.EEE-0Z  1.36E-01 Z00E-0 ZE8E-0 A35E-1 4.00E-O0 4EC
01.00H 204E-01 333EM 45260 5F2E-M F.O04E-00 8.28E-0 940E-O1 1.03E+00 1.09E+00 13E+00 116
0050 M 230E+00 254E+00 2G61E+00 258E+00 254E+00 250E+00  2.44E+00 5 JEE0 203 =
00.00 5.08E+00 5.04E+00  4.72E+00 4.28E+00 3.92E+00 362E+00  3.36E+00 2,45
00,505 230E+00 254E+00 2G61E+00 258E+00 254E+00 250E+00  2.44E+00 . e AF 410 aE=ldl 203
01.005 204E-01 333E-M 45260 5F2E-M F.O04E-00 S.28E-00 940E-O1 1.03E+00 1.09E+00 13E+00 116
01.505 267E-02  7.EEE-0Z  1.36E-01 Z00E-0 ZE8E-0 A35E-1 4.00E-O0 4EC
02005 J56E-04 288E-02  BOBE-DZ  9.28E-02 1.2
02505 1.58E-05 1.4
03.00 5
03.505
04.00 5
04.50 5
05.00 5 i
4 m 13
i Position cursor over cell to see |
ESLOE:I?g E?"gsr:altzrathvaarye ’0'07 Lolor bearing and distance Export | S
Clzar Color Click cell to plot doze rate vz time Erint | Help |

Figure 4.3.1-5 Associated Exposure Rate - Numeric Table Cell Results

This cell (7.0E x 0.0) location shows a gamma exposure rate of 2.87 mR/hr. This
projected 2" year gamma exposure rate value can now be used as a preliminary
restricted area “working boundary value” for initially directing field team sampling
activities. Having projected boundary values in mR/hr allows the field teams to

“seek out” these boundary locations using their survey meters instead of just using
a map. See Appendix A for a validation study on using mR/hr projection values.
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The initial “working boundary” exposure rate value of 2.87 mR/hr can now be placed
into the highlight cell input (red oval) to show the full extent of the projected 2" year
relocation boundary, which here is narrow due to the meteorological conditions but
would be much broader under other ST and meteorological conditions.

B3 10-mile Mumeric Table ==

External Gamma Exposure Rate [mR/h)

Dose Rate at 2012/10/05 09:00

Distances are in miles from releaze point

0250 E 03.00 E 03.50E 04.00 E 04.50E 05.00 E 05.50E 0E.00 E 0E.50 E 07.00E 07.50F «
04.50 N
04.00 N
0350
0300
0250 1.5¢
0200 J56E-04  288E-02  BIBE-DZ 9.2
01.50H 267E-02  7.EEE-0Z  1.36E-01 200E-0 ZE8E-1 A3SEAO1 400
01.00H 1.0sE-01 204E-001 333E-M 452600 5F2E-M F.O04E-00 S.28E-01 940E-00 1.03E+00  1.09E+00 1013
0050 M 214E+00  Z30E+00  294E+00  2E1E+D0  258E+00  Z54E+00  250E+00  Z44E+00  Z235E+00  224E+00 273z
00.00 5.64E+00 5.03E+00 5.04E+00 4.72E+00 4.28E+00 3.92E+00 362E+00 3.36E+00 3711E+00 287E+00 265
00,505 214E+00  230E+00 254E+00 261E+00 253E+00 254E+00 250E+00 244E+00 235E+00 224E+00 213
01.005 1.0sE-01 204E-001 333E-M 452600 5F2E-M F.O04E-00 S.28E-01 940E-00 1.03E+00  1.09E+00 1013
01.505 267E-02  7.EEE-0Z  1.36E-01 200E-0 ZE8E-1 A3SEAO1 400
02005 J56E-04  288E-02  BIBE-DZ 9.2
02505 1.5¢
03.00 5
03.505
04.00 5
04.50 5
05.00 5 i
4 m 13

Color all cells with a value F'osit_ion cursor over cell to zee Export | ’T‘
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Figure 4.3.1-6 Exposure Rate - Numeric Table Highlighted Results

There is an advantage to exporting the closed window exposure rate data
generated by any or all RASCAL calculations related to the projection above. If this
common data is exported and mapped in a custom GIS environment, then value
specific legend ranges can be defined. The projected 2™ year relocation value of
2.87 mR/hr can then be chosen as one of the colored legend boundaries. This will
visually enhance the boundary and create the ability to relate any desired sampling
strategy to important geographic locations previously defined in the existing GIS
map platform.

Once adequate field soil samples are collected and analyzed, a more scientifically
based relocation gamma exposure rate boundary value can be determined using
RASCAL’s FMD module, which will lead to a more permanent relocation PAD
implementation.

The 2" year relocation boundary value of 2.87 mR/hr can also be related to the FP
display cell locations, but only by comparing each cell to this value because the FP
display has legend divisions that are pre-determined by the authors of RASCAL and
will not necessarily define a legend range edge value close to the 2.87 mR/hr
desired. In this case using the FP display showing the projected 2™ year relocation
dose boundary is just as efficient.

Version 4.2 March 28, 2013 Page: 47



A third option is to compare the projected relocation boundary value of 2.87 mR/hr
to the pre-designated sampling points found in the D,E and F downwind sectors.
These sites represent primary field team sampling locations. Such values can be
quickly obtained using the SR detailed display, and these values can also be used
to verify the projection model results by comparing these calculated exposure rate
values to the actual exposure rate field values observed. See the image below for
the RASCAL derived pre-designated sampling point location exposure rate values.

B3 Dose Values at Special Receptors @
External Gamma Exposure Rate [mR/h)
Dose Rate at 2012/10/05 09:00
Bearing Distance Dist Uitz Lattude | Longitude
~ E3d 2.89E+00 a1.0 25 mi 44 627841 92582480
< E3R 4.8BE+00 9.0 29 mi 44 622837 92573579
\'Uﬂ; E5.0 315 mi 44 643629 92568137
| et ToT 110.0 38 mi 44 603468 92 5E16ES
< ES 3 BiEDS.D 5.0 mi 44623194 92531793
T rS— E ¥ 103.0 48 mi 44 606214 92537669
EE 1.26E+00 M0 56 mi 44 634491 92521510
FEa, (0.00E+00 119.0 5.0 mi 44 BEEBE3 92544576
FER 4. 87E-02 108.0 B0 mi 44595101 92517864
b7 2.26E-05 E7.0 B2 mi 44 BBE746 92517698
E7 2.06E+00 95.0 B8 mi 44 613151 92495065
F7 (0.00E+00 1230 B7 mi 44 BEEBEZ 92519123
D& B.51E-02 4.0 a0 mi 44 653447 92477706
EB 1.86E+00 a5.0 74 mi 44 631091 92482984
Faa, 1.63E-01 104.0 79 mi 44 594152 92478652
FER (0.00E+00 1220 74 mi 44 BE48R4 92505849
k] (0.00E+00 E4.0 a5 mi 44 675658 92477919
F3 (0.00E+00 1200 a9 mi 44 556929 92476539
D10 1.57E-04 EE.0 99 mi 44 675228 92446489
E10 214E+00 90.0 93 mi 44 6216537 92443548
F10a 8.57E-02 106.0 93 mi 44 586684 92 450529 Export
F10B (0.00E +00 1200 10.0 mi 44 543457 92 458709 Q—

Figure 4.3.1-7 Exposure Rate - Special Receptors Location Results

The three pre-designated sampling point locations where the projected 2" year
relocation exposure rate exceeds the 2.87 mR/hr value are highlighted (red ovals).
Any of the sampling point locations showing a value below but near the 2.87 mR/hr
value should also be included in the initial sampling plan strategy. Also, if there are
other pre-defined special locations of interest, i.e., farms, etc., they can be added to
the SR text tables and used in the same projection calculations.

It should be further pointed out that using the same cell location (7.0E x 0.0) and
running RASCAL projection calculations to longer time frames will yield 2™ year
relocation boundary values for any specific time of interest. The projected 24 hour
(end of first day) 2" year relocation boundary value is 1.98 mR/hr and the 48 hour
(end of second day) 2" year relocation boundary value is 1.59 mR/hr. These can
be compared to RASCAL’s FMD module predictive 24 and 48 hour calculation
results for the same ST conditions, which yield 2™ year relocation boundary values
of 1.80 mR/hr and 1.51 mR/hr respectively. Close enough for initial planning and
directing of field team soil sampling activities.
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4.3.2 Simple Alternatives to Defining Boundaries Using Exposure Rates

An alternative evacuation boundary exposure rate can be considered, if there is no
definitive ST to allow an early actual RASCAL calculation to be run, is to use the
value 10 mR/hr. This value is obtained by taking the 4 day exposure evacuation
PAG of 1 rem (1000 mrem) and dividing it by 96 hours (4 days). The boundary
value defined this way will be more conservative (smaller mR/hr number) than an
actual RASCAL calculation when early decisions are made, but will be less
conservative (larger mR/hr number) when later decisions are made. This is due to
the fact that the RASCAL calculation takes into account the exponential decay of
the released nuclides (red line in left image below), but the 10 mR/hr value is based
on a simple linear (straight line) calculation not considering the nuclides at all (blue
line in the left image below).

[ Dose vs Time Plot - 10 mile Calculations @
Case description.  NREP_2013_KPS_CoreDamage_2011PPX_10mile_6Ghr
Start of release: 2011710704 07:42

Receptor location: 2250 deq. 0.71 mi (from release point)

Groundshine Dose Rate (rem/h) Groundshine Over Defined Period (rem)

10801 1.0E=00

X el
- \ 10 mR/hr

--""'-— 10802
R

Y

_—_‘-‘h
R

10503

Time Since Relesse to Atmosphere Started (hours) Time Since Release to Atmosphere Started (hours)

Figure 4.3.2-1 Exposure Rate - Exponential vs. Linear Boundary Methods

Other factors, such as the presence of lodines in the plume, will impact the potential
exposure rate boundary value and therefore, the 10 mR/hr above would not
necessarily be an appropriate value. Some suggest that a value of 2 mR/hr is
better when lodines are present.

A similar alternative 1! year relocation exposure rate boundary value can be found
by dividing the 1% year relocation PAG value of 2 rem by the number of hours in one
year (8760 hours). This gives a 1*! year relocation boundary value of 0.23 mR/hr.
This again is extremely conservative based on its linear derivation which very poorly
represents the actual exponential decay curve that would be expected.
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5.0 DEVELOPING PPX/IPX DATA AND MAP RESOURCES

To support effective PPX/IPX field and decision making activities there is a critical need
for realistic data and map resources. In a real incident the actual circumstance of the
event will provide for the development of these resources, however for PPX/IPX
activities these resources must be artificially fabricated. The following sections will
introduce and show how to develop some of these key essential resources.

5.1 FIELD TEAM SUPPORT RESOURCES
5.1.1 Plume Map Expressed in mR/hr Values

Field team exercise controllers must have field condition resources in order to insert
field data into exercise play. One key resource is a set of quality time dependent
plume images for describing plume conditions. Below is an example of such a time
dependent (12:45 - 13:00) plume map generated using the export features of
RASCAL and the external GIS program ArcGIS.

The plume “footprint” can be displayed simultaneously with related information; here
field team pre-designated sampling points (yellow dots).

Note that this plume image has a smoother look than the RASCAL FP display
(collection of boxes) because of the export option “To GIS Point File” allowing the
data to be sent to the external GIS software for processing. The data management
flexibility offered by the GIS software allowed data “smoothing” methods to be used
which gives the plume a more natural look.

I M
** EXERCISE **~ Plume Model e EXI?.RC.IS.E ‘."'*

Not For Public Distribution Point Beach Nuclear Plant Not g

Exposure Rate
i‘_'_'_‘; < 0.5 mRthr

@ 05-5mRhr
@D 5- 25 mRir

@ 25 -50 mRmr

¢ 50- 100 mRihr
@D 100 - 200 mR/hr

@ > 200 mRhr

Legend

Sampling Points

Q Polnt Beach Nuckar Plant

— nterstates
m— state Highways

0

\}_ W

Figure 5.1.1 GIS Plume Map Expressed in mR/hr Values

Also note the map Legend (dark red square) has custom defined range values of
interest, e.g., field team turnback value of 200 mR/hr, etc.
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5.1.2 Steps to Develop and Export RASCAL Plume Data
a. Set up and run the desired RASCAL plume (usually 10-mile) calculation,
b. Select the “Detailed Results” button and display the results screen,

B9 Detailed Results of Dose Calculations @

Result Type

" Inhalation CEDE (" Extemal Garmma Exposure Rate " Acute Bone Dose Total

" TEDE (" Cloudshine Dose l l " Acute Bone from Inhalation Only
(" 4-Day Groundshine D ose ¥ Estemal Gamma + Beta Exposure Fiate " Acute Lung Dose

" Acute Colon Daze

™ Groundshine Dose Over Defined Time Periad
" Thyroid CDE " Ground Concentration - Total

" Ground Concentration of. | Cs-138
" 1st year Intermediate Phase TEDE
" 2nd year Intermediate Phase TEDE

" B0 year Intermediate Phase TEDE 1131 Air Concentration
Time Period for Exposune Digplay Format Digplay Unitz
. From 10-mile calculation (* Enalizh
~ ™ 5l
Fram:
2012/0417 12058
| J Display Result |
Ta: Define Receptors
|2012/04417 20,08 |

From cloge-in calculation

(* Rate at single time ¢ Footprint Help
2012/0417 1250
| " Mumeric: table Exit

Figure 5.1.2-1 Detailed Results Setup For Open Window mR/hr Values

c. Select “External Gamma + Beta Exposure Rate” (open window) or select
“External Gamma Exposure Rate” (closed window),

d. Select “Numeric Table” display format,
e. Select “Rate at single time”,

f. Select specific time of interest from dropdown choices,
(here 12:50 which is in the time range of interest 12:45-13:00)

HINT: When looking at close in values defined by the Gaussian Model, obtain
values every 15 minutes in order to capture as much of the early plume
movement values as possible.

g. Click on the “Display Result” button to display Numeric Table values,

See the resultant following screen image below.
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[ 10-mile Mumeric Table @
External Gamma + Beta Exposure Rate [mR/h)
Dose Rate at 2012/04/17 12:50
Digtances are in miles from releasze point
0450% 0400w 0350w 0300w (0250w 0200w 0150w 0100w 0060w 0000 0050F «
04.50M
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M.50M 5.80E- 4FEE+O0 1.0BE+01 1.30E+01  BO4E+00  S51ZE-0 1.359E02 -
M.00M 335E+00  ZB0E+D1  7.B4E+01  1.44E+02 1.55E+02 9.72E+01 250E+01  35BE-01  812E-02 1B3E-02 78I
0050 M IBSE+00  A02E+01  117E+02 290E+02 BO0E+02 G7EE+02 7EOE+02 GZ20E+02 7.84E+00 1.62E+00  5E|z
0o.00 996E-01 B.Z20E+00 344E+01  9.32E+01  1.82E+02 303E+02 5 44E+02 1.1BE+03 3 3BE+03  1.30E+03 3.3t
00505 349E-02  2EEE-01  1.16E+00  251E+00 3HSE+00  218E+00  9.0B8E-01 5EOE-O1 98BE-01 8O0BE-M 410
m.o0s 492E-04 Z2BE-03 ZO0OBE03 38PE04 -
m.e05 -
02005
02505
03005
03505
04.005
04505
05005 i
Pl Tl (3
Calar all cells with a valus & O0E+00 Pasition cursar aver cell to see Export | oK. |
equal bo or greater than jearing and distance —
Elear Color Click cell to plot dose rate ws time Bint | Help |

Figure 5.1.2-2 Time Specific Numeric Table Open Window mR/hr Values

h. To see the geographic impact of a specific mR/hr value (here 5.0 mR/hr), enter
the value of interest in the box (red oval) and click the Color button,

i. To export all the plume data points, click on the “Export” button,
j. Choose “To GIS Point File” tab, choose the Lat/Long option and click OK,

k. Choose or create a folder to store the exported text file in, and give the file a
logical and unique name, which includes the relevant time range,

|. Save the file, (it is now available for import into external GIS software),

m. Have the GIS specialist develop the desired map image including legend
range division, color contours, time range, etc.),

n. Print the time dependent plume map (11”x17” is most useful), and

0. Provide to the exercise field team controller as appropriate if map is in support
of an exercise or the radiological response staff if a real incident.
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5.1.3 Plume Field Data Developed for Pre-Defined Sampling Points

In addition to the maps, the field team exercise controller can benefit greatly by
having a time correlated set of field mR/hr exposure rate values located specifically
at the pre-designated sampling points identified in the agencies response plan.
Below is an example of such a map associated time correlated (12:45 - 13:00) field
data chart using the SR display and export features of RASCAL, and a custom
developed Excel spreadsheet capable of utilizing the exported data.

It should be noted that this data table has been constructed to include plume
centerline values in addition to the field team pre-designated sampling points.

There are pre-exercise setup requirements needed with the SR feature to prepare
RASCAL to support this field data table construction capability. Specific details,
regarding setting up SR text tables, are discussed in Section 3.0 of this manual.

— = = = = — = T T T T = - = —
1 April 17, 2012 TurnBack Value (mR/hr) =| 200 |nstrument Min. Sensitivity (mRihr) =  0.50

2 |4‘!I'M BekGrnd= | Multiplier= 0.85& | RelStart= 12:05 RelDur=  4:00 |ReIEnd= 16:05

3 Plume 12:45 50 Field Survey Data DRD Expozure Calculations Air Samples

4 Location 13:00 cpm G inches (15cm) 3 ft (1 meter) Rate Time | At site | Start lodine Particulate
5 CL= Gross mR/hr mR/hr mR/hr mFB/hr |mR per | At Site | Expin mR Net Kilo Net Kilo

§ | Centerline Miles cpm Open Closed Open Closed 1min. |minutes| mR CPM/L0 fit3 CPM/LO fit3
7 CL1.0 1.00 DifScale 1006.0 112.1 996.0 111.0 16.6 2.211 41.434

8 N2 1.30 DffScale 175.7 111.1 765.0 110.0 12.8 1.705 31.949

9 P2 1.60 OffScale 115.1 21.6 114.0 21.4 1.9 0.253 4.742

10 | Q2 2.00 33,276 2.4 0.7 2.4 0.7 0.0 <025 0.098

11 CL2.0 2.00 OffScale 624.2 200.0 618.0 198.0 10.3 1.372 25.709

12 | M3 2.50 10,843 0.5 0.6 0.8 0.6 0.0 <.025 0.032

13 |N3 2.30 DifScale 321.2 117.2 315.0 116.0 5.3 0.706 13.229

14 |P3 2.70 DffScale 29.3 12.5 29.0 12.4 0.5 0.064 1.206

15 |CL3.0 3.00 OffScale 303.0 133.3 300.0 132.0 5.0 0.666 12.480

16 N4A 3.80 344,040 24.6 12.5 24.4 12.4 0.4 0.054 1.015

17 |N4B 3,680 60,207 4.3 2.4 4.3 2.4 0.1 <.025 0178

18 [ P4 3.10 DifScale 112.1 50.6 111.0 50.1 1.9 0.246 4.618

19 | CL4.0 4.00 DffScale 39.4 20.6 39.0 20.4 0.7 0.087 1.622

20 | M5A 3.90 2,270 (.5 <0.5 <5 <5 0.0 <025 <025

21 |P5 4.20 1,063 <0.5 <0.5 <5 <(.5 0.0 <025 <.025

22 CL5.0 5.00 9,997 0.7 <0.5 0.7 <0.5 0.0 <.025 0.029

23 N6A 5.40 BeckGrnd <0.5 <0.5 <0.5 <0.5 0.0 <.025 <.025

24 NGB 5.30 155 <(.5 <(.5 <().5 <(1.5 0.0 <025 <025

25 PBA 5.30 71 <(.5 <(.5 <().5 <(1.5 0.0 <025 <.025

25 |P6B 5.50 133 <0.5 <0.5 <5 <{.5 0.0 <025 <025

27 CL6.0 6.00 BeckGrnd <0.5 <0.5 <0.5 <0.5 0.0 <.025 <.025

25 NTA .50 BeckGrnd <0.5 <0.5 <05 <0.5 0.0 <.025 <.025

29 |NTB .30 BeckGrnd <(.5 <(.5 <().5 <(.5 0.0 <025 <025

30 |PTA 6. 20 BeckGrnd <(.5 <(.5 <().5 <(1.5 0.0 <025 <025

3 |CL7.0 7.00 BockGrnd (0.5 <0.5 <5 <(.5 0.0 <025 <025

32 NBA 740 BeckGrnd <0.5 <0.5 <0.5 <0.5 (X <.025 <.025 l
NN 12151230 1230-1245 1245-1300  1300-1315 1315-1330 11 4 E
Ready | |[EEE a5 (=) (+)

Figure 5.1.3-1 Time Correlated Plume Field Team Data Table

The Excel spreadsheet table above contains formulas that calculate the individual
values within each row based on the External Gamma + Beta Exposure Rate”
(open window) and External Gamma Exposure Rate” (closed window) data
exported from RASCAL using the SR feature. It also inserts data in other data
columns, based on column data relationships.

Again keep in mind this data is “fabricated” to effectively drive field exercise play by
providing reasonable field data values at response plan pre-designated sampling
point locations, and is not intended to be 99.99% accurate.

The expanded spreadsheet image shown below includes the three data import
columns (on the right) where RASCAL export data is inserted.
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~ B C D E F G H | J K L M N ] P 'Y
1] April 17, 2012 TurnBack_Value (mR/hr)=[ 200 [nstrument Min. Serksitivity (mR/hr) = 0.50
2 Time Period BekGrnd= | Multiplier=_0.858 | RelStart= 12:05 RelDur= 400 |RelEnd=_ 16:05 | Paste RASCAL
3 Plume 12:45 50 Field Survey Data DRD Exposure Calculations Air Samples Time Dependent Export Data
4  Location 13:00 cpm & inches (15cm) 3 ft (1 meter) Rate Time | At site] Start lodine Particulate These Columns
5 CL= Gross mRhr mR/hr mR/hr mR'Ahr |mR per| At Site | Expin mA Net Kilo NetKilo |im Ezpl 1m Ezpl 1131
6 Centerling| Miles cpm Open Closed Open Closed 1min. | minutes| mR CPAMI0 ft3 |CPAMI00 em2 Open Closed Air Cone.
7 CL1.0 1.00 OffScale 1006.0 1121 996.0 111.0 16.6 2.211 41434 9.06E+02] 1.11E+02] 2.38E-06]
g8 N2 1.30 OffScale 775.7 1111 768.0 110.0 12.8 1.705 31.949 7T.68E+02] 1.10E+02f 1.78E-08]
9 P2 1.60 OffScale 1151 2186 114.0 214 19 0.253 4.742 1.14E+02]  2.14E+01 2.65E-07]
10 Q2 2.00 33,276 2.4 0.7 24 0.7 0.0 <.025 0.098 2.36E+00 7.32E-01 S.64E-09
1 |CL2.0 2.00 OffScale 624.2 200.0 6158.0 198.0 10.3 1.372 25.709 5.18E+02]  1.98E+02| 1.62E-05)]
12 | M3 2.50 10,843 0.8 0.6 0.8 0.6 0.0 <025 0.032 7.69E-01 §.30E-01 2.26E-09
13 |H3 2.30 OffScale 321.2 117.2 318.0 116.0 5.3 0.706 13.229 3.18E+02]  1.16E+02f 9.10E-07]
14 |P3 2.70 OffScale 29.3 125 29.0 124 0.5 0.064 1.206 2.90E+01 1.24E+01 9.27E-08]
15 |CL3.0 3.00 OffScale 303.0 1333 300.0 132.0 5.0 0.666 12.450 3.00E+02] 1.32E+02| 1.04E-08]
15 H4A 3.80 344,040 246 125 244 124 0.4 0.054 1.015 2 44E+1 1.24E+01 5.81E-08
17 |H4B 3.80 60,207 43 2.4 4.3 2.4 0.1 <025 0178 4.27E+00] 2.37E+00 1.71E-D8]
18 |P4 3.10 OffScale 1124 50.6 111.0 50.1 1.9 0.246 4618 1.11E+02]  S.01E+01 3.92E-07]
19 CL4.0 4.00 OffScale 394 20.6 39.0 204 0.7 0.087 1.622 3.50E+01] 2.04E+01 1.62E-07]
20 MSA 3.90 2,270 =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 1.61E-01 1.41E-01 B.38E-10]
21 P5 4.20 1,063 =0.5 <0.5 <0.5 <0.5 0.0 <025 <025 7.54E-02] 7.54E-02] 0.00E+00)
22 | CL50 5.00 9,997 0.7 <0.5 0.7 <0.5 0.0 <025 0.029 7.09E-01 4.34E-01 2.87E-09|
23 N6A 5.40 BekGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 6.80E-05) 6.90E-05] 0.00E+00
24 NEB 5.30 155 =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 1.10E-02] 1.10E-02]  0.00E+00)
25 PBA 5.30 7 =0.5 <0.5 <0.5 0.5 0.0 <.025 <025 5.08E-03 5.06E-03]  0.00E+00)
26 PGB 5.50 133 =0.5 <0.5 <0.5 <0.5 0.0 <025 <025 9. 41E-03] 5.41E-03]  0.00E+00)
27 CL6O 6.00 BeckGrnd <0.5 <0.5 <0.5 <0.5 0.0 <025 <025 0.00E+00] 0.00E+00) 0.00E+00
28 NTA 6.50 BekGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 0.00E+00] 0.00E+00] 0.00E+00/
29 N7B 6.30 BckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 0.00E+00] 0.00E+00] 0.00E+00)
30 PTA 6.20 BeckGrnd =0.5 <0.5 <0.5 <0.5 0.0 <025 <025 0.00E+00] 0.00E+00] 0.00E+00)
31 CL7.0 7.00 BeckGrnd =0.5 <0.5 <0.5 <0.5 0.0 <025 <025 0.00E+00] 0.00E+00] 0.00E+00)
32 NBA 7.10 BeckGrnd <0.5 <05 <0.5 <0.5 0.0 <025 <025 0.00E+00] 0.00E+00] 0.00E+00] ™
W4 r M| Inputs .~ 1215-1330 1230-1245 | 1245-1300  1300-1315 13151330 1330-1345 4 4
Ready | Average: June 2,1956  Count:3  Sum: November3, 2012 |[BH|[O] M 85% (— (+)

Figure 5.1.3-2 Time Correlated Field Team Data Table w/ Import Columns

The row sequence (top to bottom) for the field sampling location ID (column 1) must
be matched exactly to the RASCAL row sequence (yellow columns) in the SR text
export files used to run the RASCAL pre-designated sampling point and centerline
location calculations. The formulas embedded in the spreadsheet take data
“pasted” into the three (yellow) columns on the right, and calculate appropriate
values for the remaining table parameters.

The general steps involved in this process include:
a. Create a relevant SR text table based on the scenario,
b. Sort the table (top to bottom) into the desired sampling point sequence,

c. Paste this common sampling point ID and distance information into columns
1&2 of each Excel worksheet where data is needed (one worksheet tab for
each time range of interest),

d. Export time dependent data, i.e., open window, closed window exposure rates
and I-131 air concentrations, and paste them each into the appropriate
spreadsheet column for the associated time range worksheet,

e. Complete this process for each individual time frame in the spreadsheet.
f. Print each time dependent range data table (11”x17” is most useful),
g. Provide to exercise field team controller as appropriate.

This custom exercise controller field data spreadsheet, having improved and
updated formulas, is included as a supplemental resource to this manual. It can be
utilized as is or modified to meet the more specific needs of the user.

The following discussion and images provide an explanation for a special updated
feature of the field team controller data table spreadsheet which relates to the
provision of an open window ground level (10 cm) exposure rate value.
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RASCAL calculation outputs provide 1 meter level open window (gamma + beta)
and closed window (gamma) exposure rate values. Ground (10 cm) and 1 meter
level closed window (gamma) exposure rate values are the same for a planner
radiation field; and the 1 meter beta contribution is simply the 1 meter open window
value minus the 1 meter closed window value. If a ground level open window
(gamma + beta) value is desired (usually to support exercise play) a method for
estimating the contribution of the ground level beta component is necessary.

Beta particles with a minimum energy value of 0.40 MeV are able to travel 1 meter
in air, therefore any open window radiation reading taken at the 1 meter will not
include those beta particles with energies less than 0.40 MeV.

Beta Particle Range in Air

1200.0 >

1000.0 —~

800.0

600.0 4

Range cm

400.0

200.0 7

0.0 - .
0 0.5 1 1.5 2 2.5 3
Beta Particle Energy MeV

100 cm =1 meter

Figure 5.1.3-3 Beta Particle Travel Distances in Air Based on Energies

Published nuclide radiation tables identify nuclide specific beta particle radiation
emission energies and their associated contribution (%) fractions. From these beta
particle energy values and fractions it is possible to estimate a beta particle ratio for
those with energies above and below the 0.40 MeV value. This ratio will then allow
the determination of a nuclide specific beta contribution for open window readings at
the ground (10 cm) level. The total nuclide specific open window reading at ground
level will then be the total 10 cm beta contribution value added to the ground level
gamma contribution value, which equals the 1 meter gamma contribution value.

For a collection of contributing nuclides, estimating a time dependent beta ratio
further requires factoring in each nuclide half-life and its % activity contribution to
the total activity present, i.e., producing a weighted average for the ratio of interest.
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The image below shows a portion of the spreadsheet used to estimate a beta ratio
based on the non-Noble Gas nuclides present in a LWR contributing beta particle
radiation emissions. The proportion of nuclide contributions to the total are based
here on the ratios of the nuclides to Cs-137* for 1 hour after shutdown. This can be
varied based on the scenario and time after shutdown if desired, but is not critical
when the data is in support of exercise play and only needs to be approximate.

- el ¥ of T

A B C D E F G H | J K L M N
1 | LWR Nuclide Beta () Emission - Post Plume Ground Level vs 1 Meter and Open Window vs Closed Window Ratio Estimator:
2 Cs-137* Value = 1.00 «(see Mote 5)| Time (Hours) of interest after shutdown = 1.00 a(see Note 6) Weighted | Weighted
3 |Want in Muclide to % B < % B == % B < % B >= % B < % B >= Still | Ratiop < | Ratio B == Still
4 | Calc. | Nuclide Cs-137* [Half Life (Hrs)] 0.40 MeV [ 0.40 MeV | 0.40 MeV | 0.40 MeV | 0.40 MeV | 0.40 MeV |In Calc.| 0.40 MeV | 0.40 MeV |In Calc.
5 1=Y% Ratio Remaining | Remaining [ In Calc. InCale. | 1=%| InCalc. InCale. | 1=Y
13 1 1-131 16.1 1.93E+02 100.00 0.00 99.64 0.00 99.64 0.00 1 18.04 0.00 1
14 1 1-132 23.7 2.30E+00 34.80 65.20 25.75 48.23 25.75 48.23 1 6.10 1143 1
15 1 1133 35.6 2.08E+01 15.46 84.54 14.95 81.77 14.95 81.77 1 532 2811 1
16 1 1-134 27.2 8.77E-01 342 96.58 1.55 43.80 1.55 43.80 1 042 11.91 1
17 1 1-135 303 6.61E+00 57.81 4219 52.05 37.99 52.05 37.99 1 1577 11.51 1
18 1 La-140 0.3 4.03e+01 0.16 99.84 0.16 98.13 0.16 98.13 1 0.00 0.29 0
19 1 Mo-99 0.3 6.60E+01 18.66 81.34 18.46 80.49 18.46 80.49 1 0.06 0.24 1
20 1 Nb-95 0.3 8.44E+02 100.00 0.00 99.92 0.00 99.92 0.00 1 0.30 0.00 1
21 1 hd-147 01 2.64E+02 100.00 0.00 99.74 0.00 99.74 0.00 1 0.10 0.00 1
22 1 Np-239 3.1 5.65E+01 100.00 0.00 98.78 0.00 98.78 0.00 1 3.06 0.00 1
23 1 Pr-143 0.2 3.25E+02 100.00 0.00 99.79 0.00 99.79 0.00 1 0.20 0.00 1
24 1 Rb-86 0.01 4.48E+02 8.78 91.22 8.77 91.08 8.77 91.08 1 0.00 0.01 0
25 1 Rh-105 0.1 3.54E+01 100.00 0.00 98.06 0.00 96.06 0.00 1 0.10 0.00 1
26 1 Ru-103 0.2 9.43E+02 100.00 0.00 99.93 0.00 99.93 0.00 1 0.20 0.00 1
27 1 Ru-105 0.1 4.44e+00 32.04 67.96 2i41 58.14 27 58.14 1 0.03 0.06 0
28 1 Ru-106 0.04 8.84E+03 100.00 0.00 99.99 0.00 99.99 0.00 1 0.04 0.00 0
29 1 Sb-127 0.6 9.24E+01 95.63 4.37 94.91 4.34 94.91 434 1 0.57 0.03 1
30 1 Sb-129 341 4.40E+00 6521 34.79 5671 29.72 5571 29.72 1 173 092 1
N 1 Sr-89 3.8 1.21E+03 0.02 99.99 0.01 99.93 0.00 99.93 0 0.00 3.80 0
32 1 Sr-90 0.2 2.55E+05 100.00 0.00 100.00 0.00 100.00 0.00 1 0.20 0.00 1
33 1 Sr-i 4.3 9.50E+00 38.39 61.61 35.69 57.27 35.69 57.27 1 153 246 1
34 1 Te-127 06 9.35E+00 100.00 0.00 92 85 0.00 92.85 0.00 1 0.56 0.00 1
35 1 Te-12Tm 0.1 2.62E+03 100.00 0.00 99.97 0.00 99.97 0.00 1 0.10 0.00 1
36 1 Te-129 25 1.16E+00 9.85 90.15 542 49.60 542 49.60 1 014 124 1
37 1 Te-129m 0.5 8.06E+02 11.61 88.39 11.60 88.31 11.60 88.31 1 0.06 0.44 1
38 1 Te-131m 13 3.00E+01 94.30 570 92 14 557 92.14 557 1 1.20 0.07 1
39 1 Te-132 0.122 7.82E+01 100.00 0.00 99.12 0.00 99.12 0.00 1 0.12 0.00 1
40 1 Y-90 0.0001 6.40E+01 0.01 99.99 0.01 98.91 0.00 98.91 0 0.00 0.00 0
M 1 Y-91 0.2 1.40E+03 0.30 99.70 0.30 99.65 0.30 99.65 1 0.00 0.20 0
42 1 Zr-95 0.3 1.54E+03 99.90 0.10 99.85 0.10 99.85 0.00 1 0.30 0.00 1
43 1 7r-97 03 1.69E+01 9.56 90.44 9.18 86.80 9.18 86.80 1 0.03 0.26 0
44| 38 64.55 3545 66.58 33.39 36 2.22 247 30.00
45 Initial Ratio of Average % B <0.40 to »>= 0.40 MeV = 1.62 Ratio of % [ remaining at 1 hours = 199
46 \ [ [ \ [ Nuclide Values Weighted Ratio of b remaining at 1 hours :_

Figure 5.1.3-4 Beta Particle Energies Ratio Estimator Spreadsheet

Place a one "1" in column A of the spreadsheet if you want the listed nuclide
included or a zero “0” if it is to be excluded.

Any starting value of Cs-137* (orange cell) will produce the same final Beta particle
ratio results, so no change in this parameter is necessary.

The Beta particle ratio is time dependent (yellow cell) due to the half-life values of
the nuclides contributing to the Beta particle radiation spectrum.

This spreadsheet determines the time dependent (half-life decay) ratio by % of Beta
particles with < 0.40 MeV to those >= 0.40 MeV (green cell).

This spreadsheet also determines the nuclide % weighted and time dependent ratio
of Beta particles with < 0.40 MeV to those >= 0.40 MeV (red cell), which is the value
used in the calculations found in the field team controller data spreadsheet.

The above beta ratio calculator spreadsheet is included in the CD of resources
accompanying this manual.
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The image below is a summary of centerline only data extracted from a set of field
team controller spreadsheets and shows the ground level (10 cm) open window
readings for pre-plume, plume and post-plume time frames. The “Plume Present”
column can be used in determining plume status and the “Time” column the time
sequencing (reverse order) of the plume status at the centerline location of interest.

Looking at one specific centerline location, i.e., CL6.0, note the 10 cm and 1 meter
open window values are non-existent (background, <0.05) for the pre-plume phase
(bottom two rows with a “No”), both the same value for the plume phase (middle five
rows with a “Yes”), and vary in value as expected (higher at 10 cm than 1 meter) for
the post-plume phase (top three rows with a “No”).

This same pattern is reflected at all sampling point locations and not just centerline
locations, which were consolidated and highlighted here to more simply show the
plume-based results of the spreadsheet calculations.

A B C D E F G H | J K L W N o
1 April 17, 2012 CVW/ TurnBack Value (mR/hr) =| 200 MUment Min. Sensitivity (mRihr) = 0.06
2 Time Period BckGrnd= E Ratio = 1.230 | RelStart= 12:05 RelDur=_ 2:00 |ReIEnd= 14:05
3 Plume 12:00 50 Field Survey Data DRD Exposure Calculations Air Samples
4 | Location 17:00 cpm 4 inches (10 cm) 3 ft (1 meter) Rate Time | At site | Start lodine Particulate
5 CL= Gross mR/’hr mR/hr mR/hr mFE/hr |(mR per | At Site | Exp in mR Net Kilo Net Kilo Plume
5 | Centerline Miles cpm Open Closed Open Clozed 1min. |minutes| mA CPALLD ft3 [CPM/100 em2| Present] Time
50
51 [CL5.0 5,00 OffScale 11398 19.20 61§00 19.20 0.3 0.137 2.567 Mo 16:45
52 |[CL5.0 5,00 OffScale 13021 20.80 7300 20.80 0.3 0.162 3.037 Mo 16:15
53 [CL5.0 5,00 OffScale 200042 23.80 1000 23.80 0.4 0.229 . Mo
54 |[CL5.0 5,00 OffScale 204800 36.90 20800 36.90 0.6 0.453
55 [CL5.0 5,00 OffScale 506000 166.00 506000 166.00 2.8 1.123
56 [CL5.0 5,00 OffScale 53500 181.00 53500 181.00 3.0 1.188
57 |[CL5.0 5,00 OffScale 515800 193.00 51800 193.00 3.2 1.150
58 [CL5.0 5,00 OffScale 306000 185.00 J96100 185.00 3.1 0.879
59 [CL5.0 5,00 19,035 1.35 0.79 1.85 0.79 0.0 <025
60 |CL5.0 5,00 BekGrnd <095 <(.05 <(N§5 <().05 0.0 <025
CL6.0 6.00 OffScale 94.07 15.80 50.90 15.80 0.3 0.113
CL6.0 6.00 OffScale 114.55 17.10 60.80 17.10 0.3 0.135
i |CL6.0 6.00 OffScale 171.12 19.70 B87.60 19.70 0.3 0.194
CL6.0 6.00 OffScale 232.00 70.70 232.00 70.70 1.2 0.515
CL6.0 600 OffScale 377.00 147.00 J77.00 147.00 2.5 0.837
CL6.0 600 OffScale 385.00 156.00 J85.00 156.00 2.6 0.855
CL6.0 600 OffScale 357.00 159.00 35700 159.00 2.7 0.793
CL6.0 600 OffScale 171.00 94.10 171.00 94.10 1.6 0.380
CL6.0 600 BekGrnd <(.05 <0.05 <(.05 <05 0.0 <025
CL6.0 600 BekGrnd <(.05 <0.05 <(.05 <05 0.0 <025
73 CL7.0 7.00 OffScale 73.40 12.30 39.70 12.30 0.2 0.088
74 CL7.0 7.00 OffScale 90.34 13.40 47.90 13.40 0.2 0.106
75 CL7.0 7.00 OffScale 72.60 16.90 72.60 16.90 0.3 0.161
76 CL7.0 7.00 OffScale 240.00 103.00 240.00 103.00 1.7 0.533
77 CL7.0 7.00 OffScale 267.00 120.00 267.00 120.00 2.0 0.593
78 CL7.0 7.00 OffScale 277.00 132.00 277.00 132.00 2.2 0.615
79 CL7.0 7.00 OffScale 251.00 133.00 251.00 133.00 2.2 0.557
80 CL7.0 7.00 305,970 21.70 12.90 21.70 12.90 0.2 0.048
21 [CL7.0 7.00 BckGrnd <05 =<0.05 <(.05 <05 0.0 <025
22 [CL7.0 7.00 BckGrnd <05 =<0.05 <(.05 <05 0.0 <025
83
&4 |[CLE.0 8.00 DffScale 61.49 10.20 33,20 10.20 0.2 0.074
85 [CL8.0 8.00 DffScale T6.54 11.20 40.50 11.20 0.2 0.090
&6 [CL8.0 8.00 DffScale 81.80 27.50 81.80 27.50 0.5 0.182
&7 [CL&.0 8.00 DffScale 211.00 104.00 211.00 104.00 1.7 0.468
&8 [CL8.0 8.00 DffScale 210.00 106.00 210.00 106.00 1.8 0.466
&9 [CL8.0 8.00 DffScale 209.00 111.00 209.00 111.00 1.9 0.464
50 |[CL&.0 8.00 DffScale 165.00 98.10 165.00 98.10 1.6 0.366
51 |[CL&.0 8.00 5,203 0.37 0.23 0.37 0.23 0.0 <025
52 |[CL&.0 8.00 BeckGrnd <(.05 =<0.05 <(.05 <(.05 0.0 <025
53 |[CL8.0 8.00 BeckGrnd <(.05 =<0.05 <(.05 <(.05 0.0 <025
M 4 + M| Centerline Summary .~ ¥J 4

Figure 5.1.3-5 Pre-Plume, Plume and Post-Plume Open Window Readings
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5.2 POST PLUME FLYOVER RESULTS
5.2.1 Typical Flyover Map Expressed in Closed Window mR/hr Values

The flyover collects deposition data as closed window gamma exposure rates
normalized to 1 meter above the ground surface and contributes to the geographical
definition of the post plume environmental radiological condition. Again, in an actual
emergency, real flyover data would be available from Federal DOE resources,
however in an exercise situation the flyover map may have to be independently
fabricated by the local scenario designer if DOE resources are not available to aid in
this PPX resource development activity.

Though RASCAL can produce deposition images and data values, it can’t
independently produce the serpentine flyover graphic. It is necessary to combine
exported RASCAL post plume closed window exposure rate data with custom
features in the external GIS environment to locally produce simulated flyover maps.

For any given exercise, the most consistent flyover data and maps are produced
when using the same RASCAL source term and met parameters that are used to
produce the other exercise data sets. Flyover map resources can be produced
locally by your GIS specialist. Specific details regarding the flyover map building
process within the GIS software is outlined in detail in section 5.2.3 below.
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Figure 5.2.1 Flyover Map Expressed in Closed Window mR/hr Values

Note: Artificially generated “hotspots” have been included in this version
of the flyover map and are indicated by the red circles.
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5.2.2 Producing the Closed Window Exposure Rate Flyover Data Set

The following image reflexes the internal graphical capability of RASCAL and does
not directly support the insertion of “hot spot” data needed for relocation exercise

play or the serpentine flyover pattern.

Using the same RASCAL scenario parameters as for developing the other exercise

resources, review the gamma closed window exposure rate image found in the

RASCAL FP display. This will give a basic indication of what the final flyover map
image will look like using the exported RASCAL data. It is important to make sure

the RASCAL End of calculation time used in the calculation is long enough to

include the date and time of the “scheduled” flyover.
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Figure 5.2.2 RASCAL Closed Window mR/hr Exposure Rate Test Image

From the FP display screen go back to the “Detailed Results” screen:

a. Choose “External Gamma Exposure Rate”, “10-mile Numeric Table” display
format and “Rate at single time” of interest (here flyover time frame).

b Click the “Display Result” button,
c. Click the “Export” button,

d. Choose the “GIS Point File” tab and set coordinates to Lat/Long,

e. Click the “OK” button,

f. Save the export to the desired folder w/ an appropriate name,

g. Import this file data into the GIS software for flyover map creation.
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5.2.3 Creating “Flyover Maps”

The following instructions are specifically written for creation within the program
ArcGIS version 9.3.1. It must be performed by a knowledgeable GIS technician.

Pine Grova [fid
o Wasaner Rd
n:

14 S empan fid

Man oo Rid

(E) PENP Sampling Points

A3 Point Beach Nuclear Plant

Exposure Rate {(in mR/h) ©
[ ] <0230 mRrsmr
[ Jnza-1mrmr
[ 1-2mremr
B - 2 mRmr

N
Figure 5.2.3-1 Map Using “Natural Neighbor” Interpolation Function.

a. Within ArcCatalog, Create a new shapefile or geodatabase with the feature
type as “Line.”

b. Draw a line feature bisecting the deposition image in a serpentine pattern and
save it within the shapefile or geodatabase (see Figure 5.2.3-2 below).
c. Next, buffer the line shapefile with an approximate distance that will allow for

easy visualization of the output. For a scale of 1:100,000, a buffer distance of
350 feet works well. Save the buffer as a polygon file.

d. Using the ArcGIS tool, ‘Extract by Mask,’ use the gray polygon buffer as a
“cookie cutter” with the raster data of exposure rate values to clip out the
exposure rate values (see Figure 5.2.3-3 below).
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Manitowoc County

Figure 5.2.3-2 Hand-Sketched Line Bisecting the Data Image.
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Figure 5.2.3-3 Gray 350 Foot Buffer on “Flight Path” (shown in black).

The resultant raster file will contain exposure rate data for only those areas which
coincide with the buffer shapefile. Use the original serpentine buffer dataset as the
“flight path”, and arrange the extracted raster file to appear on top, to give it the
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illusion of a single dataset, with some areas outside the detectable range of the
instrumentation (shown in gray in Figure 5.2.3-4 below).

Please note that FRMAC flyover maps use 0.05 mR/hr (50 uR/hr) as the lower limit
of closed window exposure rate reporting. The cartographer should set the Display
Properties of the raster flight path to only display values greater than 0.05 mR/hr
and Legend range values can be customized as desired. It is advisable to clearly
mark any locally generated flyover map as not originating from FRMAC, and also
mark that it is to be used for educational or exercise purposes only.

EXERCISE Point Beach Nuclear Power Plant EXERCISE
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Figure 5.2.3-4 Completed “Flyover Map” Product, with the disclaimer.

Note the “hot spot” which appears in the left center (red circle) of the map along the
flight path. This was hand-sketched on the map by the cartographer to drive the
mandatory relocation activity of the evaluated exercise, and was not exported as
part of the RASCAL data set or part of the detailed process described above.

5.2.4 Applicability

The use of GIS in the creation of plume maps and deposition footprints is very
important in the development of data and visual resources designed to help the
decision-makers come to logical conclusions about acceptable and necessary
response actions. These map resources should be built from data that logically
follows the overall event scenario, whether real or a drill/exercise. Such mapping
resources greatly enhance the responder’s experience and learning.
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5.3 INGESTION DEPOSITION PROJECTIONS & FIELD RESULTS

RASCAL is able to give nuclide deposition projections based on the ST. For ingestion
the focus is driven by food content DILs (defined by the FDA) that are directly linked to
various environmental nuclide deposition DRLs having very low concentration values,
and having a variety of half-life longevities. The primary nuclides of interest in the
assessment of an ingestion scenario are I-131 and Cs-137*. The early deposition
projections for these two nuclides available through RASCAL can serve as the
foundation upon which the preliminary ingestion sampling plan strategy is discussed.

5.3.1 Primary Ingestion Projection Maps of Interest

a. Gamma (closed window) exposure rate values,
b. 1-131 and Cs-137 deposition concentration values,
5.3.2 Post Plume I-131 “Day 0” Deposition Projection RASCAL Footprint

This RASCAL FP display is based on the original plume phase ST and gives higher
than desired and useful nuclide deposition values. For more practical IPX play it is

recommended that the ST be reduced to bring deposition values more in line with

food DRL deposition values, or as an alternative simply divide all original deposition
values by a “reduction factor” to achieve the desired lower concentration levels.
Also, the RASCAL FP display will not internally support alternative color contour
boundaries, custom map legend ranges or addition of multiple map layers.
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Figure 5.3.2 Post Plume I-131 “Day 0” Deposition Projection Footprint

Note: The lowest range in the FP Display Legend is not low enough for
decision-making based on food PAGs and DRL deposition values.
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5.3.3 Post Plume I-131 “Day 0” Deposition Projection GIS Map

The following deposition map was produced using ArcGIS v9.3.1. The color
contour boundaries are chosen where possible to correspond to actual DRL
deposition values for various foods, i.e., milk is the light brown contour line next to
the light green color. This kind of flexibility shows the advantage of using an
external GIS environment for developing desired ingestion maps. Note that the
location of other activities of interest (red dots) can also be added from the GIS
database, i.e., dairy farms, beef operations, etc. This multi-layer graphical
representation will greatly improve the decision-makers’ ability to develop an initial
ingestion sampling plan strategy targeted at the area most affected.
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GIS map of plotted I-131
deposition concentration data.

“Day 0” RASCAL I-131
deposition projection in pCi/m?.

Light Brown color represents
the concentration boundary
where I-131 exceeds its milk
environmental DRL value.

** FOR EXERCISE PURPOSES ONLY **

Figure 5.3.3 Post Plume I-131 “Day 0” Deposition Projection GIS Map

This map was produced using RASCAL exports and available local in-house GIS
resources following a process similar to those outlined above.
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6.0 FIELD MEASUREMENT TO DOSE (FMD) MODULE

The previously discussed STD module (Section 4.0 above) can give dose projections
based on the defined ST parameters input into RASCAL. These projections can then
be used to define an initial field investigation sampling strategy. The FMD module being
discussed here is intended to be used once the sampling plan is being implemented,
actual soil sampling and laboratory analysis results are available and decisions
regarding relocation (restricted area) actions must be made.

The mathematical model in this FMD module uses the ground concentration of the
radionuclides (determined in the laboratory analysis) to calculate the intermediate phase
1%t year, 2" year and 50 year doses, compares them to the respective intermediate
phase relocation PAGs, and also calculates equivalent 1%t year, 2" year and 50 year
relocation DRL values expressed in mR/hr. Each calculation specifically applies to the
location from which the soil sample was taken but may apply to other nearby locations if
it is assumed or determined that there was a reasonably uniform nuclide deposition.

6.1 EPA-400-R-92-001 DOSE AND DRL CALCULATION METHOD

The following image shows the EPA developed spreadsheet used to determine
intermediate phase dose and DRL values based on field soil sampling data.

A B C u] E F = H | J K L M
1 1EPA Relocation PAG Worksheet [Table 7-1EDE Ground Shine Dose Calculation Without Resuspension)
Z | Team: " Location: ?
3 Sample: Sail Date & Time Sample Taken:
4 Gamma Bate @1 m: mBPihr
5 Calculated Ist Year ZndYear 0-50Year
51 Sample Sample Exposure Rate Dose, Dose, Dose, Batio
T Results Results mBthr mrem mrem mrem to
5 Muclide pCitm? pCitm? per sample per sample per sample per sample Cs-137
3
10 Sr-89 0.00E+00 O_00E+O00 0_00E+00 0_00E+00 0.00E+00D 0_00E+00 0.0E+00
1 5r-90 0.00E+00 O 00E+O0 D.0D0E+DD 0.00E+00 0.00E+DD 0.00E+DD 0.0E+00
12 | S5r-91 0.00E+00 O_00E+O00 0_00E+00 0_00E+00 0.00E+00D 0_00E+00 0.0E+00
13 | Zr-95 117E+00 1.17E+0G 1.40E-02 3.86E+01 4_GBE-O1 3.98E+N 3.0E-1
14 Nb-95 117E+00 1.17E+06 1.52E-02 0_00E+00 0.00E+00D 0_00E+00 3.0E-1
15 Mo-99 0.00E+00 O 00E+O0 D.0D0E+DD 0.00E+00 0.00E+DD 0.00E+DD 0.0E+00
16 Ru-103 T.T8E-01 7.78E+05 6.38E-03 5. 5ZE+00 0.00E+00D 5. 5ZE+00 2 0E-01
17 Ru-106 1.56E-01 1.56E+0% 5.30E-D4 1.87E+00 5. FTE-O1 2.G1E+00 4_0E-02
18 Tel132 0.00E+00 O 00E+00 0_00E+00 0_00E+00 0.00E+00D 0_.00E+00 0.0E+00
=R G 3.37E+02 3 37E+DG 2.22E+00 4 JGE+0Z2 0.00E+DD 4_3BE+D2 8. TE+01
20 1132 3 47E-01 3.47E+05 1.28E-02 3.12E-02 0_00E+D0 3. 12E-02 8_3E-02
21 1133 3.4ZE+02 3 42E+08 3.4Z2E+00 T.18E+01 0.00E+DD T.18E+01 8.8E+01
22 11135 9. 21E-01 5.21E+05 1.25E-02 8.34E-02 0_00E+00 §.34E-02 1.3E-01
23 Cs-134 6.2ZE+00 6 22E+06 162E-01 6.2Z2E+D2 2.92E+02 1.49E+03 1.6E+DD
24 Cs-137 3.89E+00 3 8B9E+0G6 3.89E-02 1.75E+02 113E+02 2.3TE+D3 1.0E+00
25 Ba-140 2 41E+01 2 41E+07 T.TIE-D2 2_65E+D2 0.00E+00D 2_65SE+D2 6.ZE+00
26 La-140 8.95E+00 8 95E+06 3. 13E-01 0.00E+00 0.00E+DD 0.00E+DD 2.3E+00
27 Ce-141 0.00E+00 O_00E+O00 0_00E+00D 0_00E+00 0.00E+00D 0_00E+00 0.0E+00
25 Ce-144 0.00E+00 O 00E+O0 D.0D0E+DD 0.00E+00 0.00E+DD 0.00E+DD 0.0E+00
29
30 6.30E+00 | 162E+03] | 4.06E+02] | 4.69E+03]
H
32 mrem per mBthr = 2 57E+D02 6 45E+01 T 45E+02
33
34 | rew. 5012004 DRL (mRthr) = | 7.76E+0D | | 7.¥5E+00 | [ 6.71E+0D ]
ES

Figure 6.1 EPA Spreadsheet Method for Calculating Doses and DRLs

The calculated 1%t year, 2" year and 50 year dose (shown in light green) and the
respective DRLs in mR/hr (shown in blue) are based on the nuclide analysis results
indicated in the columns on the left. These results will be directly compared to the
RASCALFMD module relocation calculation values using the same inputs.
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6.2 FIELD MEASUREMENT TO DOSE (FMD) CALCULATION METHOD

The following FMD module images are based on the same nuclide input data as was
used in the EPA spreadsheet calculation method above. The resultant intermediate
phase relocation 1% year, 2" year and 50 year dose and DRL values can then be
directly compared between the two methods.

The image below shows the FMD nuclide data input screen reflecting the same values
from the earlier EPA spreadsheet calculation.

5 Sample Data == | =
& ample ID: Compare Data Point Infarmation below is optional. Check a box ta include the item in the case file.
[required)
Sample bpe: {* Ground concentrations in units of [ Sample location - geographic
I z
pCifm ﬂ Latitude: 0 deqress
™ Air concentrations in unitz of Langitude: i} degress
nCifm* - |
[~ Sample location - from releasze point
Activity at time of pL
depasition MHuclide Gnd Conc [pCidme) Bearing: 0 degrees
| A EIR:E] - | 0.00E+00 -
5r80 0.00E +00 Distance: |7 [mies =
Sr91 0.00E +00
Z1-95 1.17E+06 .
HbAE T I7E TR [ Sample description
Mo33 0.00E+00 |<rones

Ru-103 7.7BE+05
Ru-106% 1.56E+0%

Te132 0.00E +00 [~ Time of zample

1131 3.37E+08

kA S ITEE | 2mz/0214 ~| | oooo

1133 3.42E+08 o

1135 5.21E+05 ok |
Cs-134 B.22E+06 —
Cg-137* 3.89E +06 ancel
Ea140 2.41E+07 . —
La-140 8 95E +0R - Clear olp

Figure 6.2-1 FMD Module Nuclide Data Input Screen

The nuclide list and each concentration value shown, exactly duplicate those from
the EPA spreadsheet method above.

Initial points of comparison worth noting regarding EPA vs. FMD methods:

1. The FMD module allows for significantly more site and sample description
detail than does the EPA method.

2. When adding new nuclides to the calculation, the EPA method requires that
the relevant calculation constants and formulas must also be added for each
new nuclide, where the FMD method has all the calculation constants and
formulas pre-embedded into the program so only the nuclide and associated
deposition concentration value need to be input.

3. The EPA method is based on concentration data values in pCi/m?, whereas
the FMD method allows for a wide variety of concentration input formats.

4. The FMD module allows for the factoring in of delayed entry.
The following images will compare the actual calculation results of the two methods.
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J Field Measurements to Dose EI@

File Muclide Data Viewer Help

@ Event D ipti =
Intermediate Phase Doses (rem) <
Pathway 1st Year  2nd Year 50 Years

Groundshine (FGR-12) 165E+00 5.82E01 570E+00
Submersion (FGR-12) 252E-04 146E07 2.53E-04 :
Effective Inhalation (FGR-11)  1.83E- .02

Total 1.67E+00 5.82E-01 5.72E+00

Delay TEDE Remainder (rem)
Before 168 hiwk in area with 0% in bldg

[(@ Compute Doses Return 1st Year  2nd Year 50 Year

0d 141E+00 5.81E-01 5.45E+00

1d 1.33E+00 5.81E-01 5.37E+00

2d 127E+00 5.81E-01 5.32E+00

4d 119E+00 5.81E-01 5.24E+00

7d 1.11E+00 5.81E-01 5.16E+00

10d 1.05E+00 5.81E-01 5.10E+00

14d 9.87E-01 5.81E-01 5.03E+00

30d 8.44E-01 581E-01  4.89E+00 T
" DRL Table

" Early Phase Doses

™ Deposition Exposure Rate DRLs
+ Intermediate Phase Doses " Marker Muclide Concentration DRLs el
__e o

I Save Case Case Summary J\ Results J

J

Figure 6.2-2 FMD Module Relocation Dose Calculation Values
FMD relocation dose results (above) and relocation DRL results in mR/hr (below).

J Field Measurements to Dose EI@

File Muclide Data Viewer Help

(@ Event D ipti = =

Intermediate Phase Derived Response Levels (DRLs) -
Delay Gamma exposure rate (mR/h) Cs-137* surface concentration

Before > AT e Uar (0 EPAPRE (uCi/m®) equal to EPA PAG

Ret 1st Year _ 2nd Year 50 Year y
0d 8.33E+00 5.04E+00 5.3BE+00 554E+00 276E+00 357E+00 =

1d e R W =R,y 586E+00 2.76E+00 3.62E+00

2d 4.91E+00 2.68E+00 2.94E+00 6.11E+00 2.76E+00 3.65E+00

4d 4 00E+00 2.05E+00 228E+00 6.51E+00 276E+00 3.70E+00

7d 344E+00 1.65E+00 1.86E+00 6.97E+00 2.76E+00 3.76E+00

10 d 3.01E+00 1.36E+00 1.55E+00 7.35E+00 2.76E+00 3.78E+00
14 d 250E+00 1.06E+00 1.23E+00 7.81E+00 273E+00 3.84E+00

30 d 1.26E+00 4.56E-01 543E-01 9.05E+00 2.73E+00 3.92E+00

60 d 6.39E-01 1.98E-01 242E-01 1.04E+01 269E+00 3.95E+00

90 d 5.69E-01  1.55E-01  1.93E-01 1.17E+01  2.65E+00 3.95E+00

180 d 738E-01 127E-01 166E-01 1.76E+01 2.55E+00 3.97E+00

270 d 134E+00 1MME-01  1.53E-01 346E+01 24BE+00 3.97E+00

1y 9.90E-02  1.42E-01 2.38E+00 3.97E+00

125y 125601 1.34E-01 322E+00 3.97E+00

156y 1.78E-01  1.26E-01 4 92E+400 3.97E+00 -

" Early Phaze Dozes

" Depozition Exposure Rate DRLs
" Intermediate Phaze Doges (" Marker Nuclide Concentration DRLs “
_e p

lH SayeCase Case Summary J\ Results J

J

Figure 6.2-3 FMD Module Relocation DRL Values in mR/hr
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6.3 CALCULATION RESULTS COMPARISON OF EPA vs. FMD METHODS

The table below summarizes the results of the two intermediate phase relocation
calculation methods using the identical nuclides list and their associated deposition
concentration input values. Other calculation results will be obtained with a different
set of nuclides and deposition concentration values; however the relative comparison
of the two methods should yield similar results.

15! Year 2" Year 50 Year
EPA Dose (rem) 1.62 0.406 4.69
FMD Dose (rem) 1.67 0.582 5.72
% Difference +3.09 +43.35 +21.96
EPA DRL (mR/hr) 7.78 7.75 6.71
FMD DRL (mR/hr) 8.33 5.04 5.38
% Difference +7.07 -34.97 -19.82

Figure 6.3 Comparison Table of EPA vs. FMD Calculation Results

Review of the table value comparisons for this set of input parameters gives the
following relational results:

1. The % difference is based on the change from the EPA method value to the
FMD method value.

2. A positive (+) change in the dose value indicates the FMD method gives a more
conservative calculation result, indicating a higher risk to persons at this location.

3. A positive (+) change in the DRL value indicates the FMD method gives a less
conservative calculation result, indicating a higher level of exposure rate is
permitted for defining the relocation (restricted area) value at this location.

Given that the intermediate phase dose and exposure rate relocation PAGs and DRLs
are established at quite conservative levels, either method will serve the relocation
decision maker’s needs.

The FMD module method, however, appears to be fundamentally easier to use and
allows for additional descriptive narrative and specific Lat/Long location information to
be added. In addition, the FMD module provides for examination of the impact of a
delayed return to the restricted area for persons previously evacuated; and the FMD
module can also consider the effects of sheltering on those persons not evacuated.

Due to the FMD module’s internal link within RASCAL, it is just more readily available
and handier to use than the separate EPA spreadsheet. This is particularly true for
personnel who may be using RASCAL as a key method in the design and
development of exercise resources.
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6.4 THE TIME AFTER SHUTDOWN ISOTOPIC RATIOS WORKSHEET

The image below shows an Excel spreadsheet (modified from the original) based on
the Cs-137* to nuclides ratios in a Light Water Reactor (LWR) for specific times after

shutdown. The worksheet automatically calculates all nuclide values based on the

input Cs-137* nuclide level entered into Cell B3.

A B B D E F G H [ J
1| Radionuclide to "¥'Cs Ratio Time After Light Water Reactor (LWR) Shutdown
2 (Complete Radionuclide List)
3 |["¥CsValue = 2.00E+00
4
5 |Radionuclide 1hr 6 hr 12 hr 24 hr Jdays | 7 days | 15 days | 30 days
6 Ba-140 Ratio 6.50E+00]6.50E+00]6.40E+00]6.20E+00]5 60E+00]4 50E+00]2 90E+00]1.30E+00
T Ba-140 Value  [1.30E+01]1.30E+01|1.28E+01|1.24E+01[1.12E+01]9.00E+00|5.80E+00|2 60E+00
8 Ce-141 Ratia 3.00E-01 | 3.00E-01 | 3.00E-01 | 3.00E-01 | 3.00E-01 | 2. 00E-01 | 2.00E-01 | 1.00E-01
9 Ce-141 Value 6.00E-01 | 6.00E-01 | 6.00E-01 | 6.00E-01 | 6.00E-01 | 4 00E-01 | 4.00E-01 | 2.00E-01
10 Ce-143 Ratia 2 00E-01 | 2 00E-01 | 2.00E-01 | 1.00E-01 | 1.00E-01 ] 0.00E+00]0.00E+00] 0 00E+00
1 Ce-143 Value |4 00E-01]4 00E-01|4 00E-01|200E-01200E-01|000E+00{0 00E+00|0 0DE+00
12 Ce-144 Ratio 2.00E-01 | 2.00E-01] 2.00E-01 | 2.00E-01 [ 2.00E-01 | 2.00E-01 ] 2.00E-01 ] 1.00E-01
13 Ce-144 Value | 4.00E-01]4.00E-01]4.00E-01]4.00E-01]4.00E-01 | 4.00E-01 | 4.00E-01 | 2.00E-01
14 Cs-134 Ratia 1.60E+00|1.60E+00] 1.60E+00]|1.60E+00]1.60E+00] 1.60E+00]1.60E+00] 1. 60E+00
15 Cs-134 Value  |3.20E+00]3 20E+00]3.20E+00|3.20E+00 {3 20E+00]3.20E+00|3.20E+00] 3.20E+00
16 Cs-136 Ratia 6.00E-01 | 6.00E-01 | 6.00E-01 | 6.00E-01 | 5.00E-01 | 4 00E-01 | 3.00E-01 | 1.00E-01
17 Cs-136 Value |1.20E+00]1.20E+00{1.20E+00{1.20E+00|1.00E+00] 8.00E-01 | 6.00E-01 | 2.00E-01
18 Cs-137 Ratio 1.00E+00|1.00E+00] 1.00E+00] 1.00E+00]1.00E+00] 1.00E+00]1.00E+00]1.00E+00
19 Cs-137 Value |2.00E+00]2 00E+00]2 00E+00|2.00E+00{2 00E+00]2.00E+00|2.00E+00]|2.00E+00
20 -131 Ratia 1.81E+01|1.77E+01] 1. 74E+01]|1.66E+01]| 1. 40E+01]9.90E+00|5.00E+00] 1 40E+00
21 -131 Value  |3.62E+01]3 54E+01]3 48E+01|3.32E+01[2 80E+01]1.98E+01|1.00E+01|2 80E+00
22 I-132 Ratio  |2.37E+01|1.45E+01]1.18E+01][1.03E+01]|6.70E+00]2 90E+00 | 5.00E-01 | 0.00E+00
23 1132 Value [4.74E+01]2 90E+01|2.36E+01|2 06E+01[1.34E+01|5.80E+00|1.00E+00]|0.00E+00
24 -133 Ratio 3.56E+01]|3.01E+01]2 47E+01]1.65E+01]3 30E+00] 1.00E-01 | 0.00E+00]0.00E+00
25 133 Value  |7.12E+01]6.02E+01|4 94E+01|3.30E+01|6.60E+00] 2.00E-01 | 0.00E+00]0.00E+00
26 -134 Ratio  |2.72E+01]| 5.00E-01 | 0.00E+00]0.00E+00]0.00E+00]0.00E+00]0.00E+00]0.00E+00
27 -134 Value  |5.44E+01]1.00E+00]0.00E+00|0.00E+00{0.00E+00]0.00E+00|0.00E+00]0.00E+00
28 I-135 Ratia 3.03E+01]1.79E+01]9.60E+00]2 70E+00]0.00E+00]0.00E+00]0.00E+00]0.00E+00
29 1135 Value |6.06E+01]3 58E+01|1.92E+01|5 40E+00{0.00E+00{0.00E+00{0.00E+00]|0.00E+00
30 La-140 Ratio 3.00E-01] 8.00E-01 [1.40E+00]2 30E+00{4 30E+00|4.80E+00|3.30E+00]|1.50E+00
M La-140 Value 6.00E-01 |1.60E+00]2 80E+00]4 60E+00{8 60E+00]9.60E+00|6.60E+00]3.00E+00
32 Mo-99 Ratia 3.00E-01 | 3.00E-01] 2 00E-01 | 2 00E-01 | 1.00E-01 | 0.00E+00]0.00E+00] 0.00E+00
i3 Mo-99 Value 6.00E-01 | 6.00E-01 | 4 00E-01 | 4 00E-01 | 2 00E-01 | 0.00E+00]0_00E+00] 0.00E+00
34 Nb-95 Ratio 3.00E-01 | 3.00E-01 | 3.00E-01 | 3.00E-01 | 3.00E-01 | 3.00E-01 | 3.00E-01 | 2.00E-01
35 Nb-95 Value 6.00E-01 | 6.00E-01 | 6.00E-01 | 6.00E-01 | 6.00E-01 | 6.00E-01 | 6.00E-01 | 4.00E-01
36 Nd-147 Ratia 1.00E-01 | 1.00E-01] 1.00E-01 | 1.00E-01 | 1.00E-01 | 1.00E-01 [0.00E+00 0. 00E+00
7 Nd-147 Value |2 00E-01]200E-01]200E-01]200E-01] 2 00E-01] 2 00E-01 |0.00E+00] 0 00E+00
38 Np-239 Ratia 3.10E+00]2 90E+00]2.70E+00]2 30E+00]1.30E+00] 4 00E-01 | 0.00E+00]0.00E+00
39 Np-239 Value |6.20E+00]5 80E+00|5 40E+00 |4 60E+00 |2 60E+00] 8.00E-01 [ 0.00E+00]0.00E+00
M4 4 b M| Sheetl ~Sheet? -~ Sheet3 %3 4 1]

Figure 6.4 Cs-137* to LWR Nuclides Ratio Calculation Spreadsheet

The calculated nuclide values can be used as inputs for performing relocation
calculations in the EPA spreadsheet or RASCAL FMD module methods.

There is also a complementary 1-131 to nuclide LWR ratio calculation spreadsheet

included with the manual resource CD which can be used if an I1-131 value is obtained
instead of a Cs-137* value.

In addition, RASCAL can give nuclide deposition values directly (from within the NT
display) and is another source of nuclide data for use in other applications, such as the
EPA spreadsheet or RASCAL FMD module method.
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APPENDICES
APPENDIX A. VALIDATING STD RELOCATION PROJECTION mR/HR VALUES
A.1 Purpose of the Study:

RASCAL gives as part of its dose projection output data on the 15! and 2™ year
relocation values and the distances at which the relocation PAGs are exceeded.
This study compares the output results of the STD projection model with those of
the FMD calculation model to check the results consistency between the two
models.

Having the ability to take the STD model projections and relate the farthest
centerline distance at which any relocation PAG is exceeded, and then correlate
that to an equivalent closed window exposure rate value in mR/hr, can help the
radiological decision makers more efficiently and effectively to plan and direct field
team resources to define the relocation restricted area.

The relocation boundary is the border that ultimately defines the restricted area,
where inside the border the GP is either temporarily or permanently removed, and
where outside this border previously evacuated GP persons can be returned.

A.2 Investigative Process:

A core damage accident was defined in RASCAL’s STD Module and the resultant
dose projection for the intermediate phase relocation was reviewed. The farthest
centerline distance that any relocation PAG was exceeded was the 2™ year PAG at
7 miles. This relocation “boundary” location was then chosen as the point for
comparing the two models. (See images below for data details).

At this STD Day 0, 7 mile centerline geographic point; (1) the 2™ year rem dose
was observed and recorded, (2) the closed window exposure rate in mR/hr was
observed and recorded, and (3) the deposition concentrations, in pCi/m?, of all the
contributing nuclides was observed and recorded.

These contributing nuclides and their deposition concentrations were then used as
pseudo “field data” inputs into the RASCAL FMD Module. The FMD Module
calculations using this data then produced its version of the relocation parameters;
(1) 2" year rem dose and (2) 2" year relocation closed window exposure rate in
mR/hr. (Again see images below for output results details.)

A.3 Summary of findings:

The Day 0, 7 mile 2" year relocation dose is the same 0.511 rem value in both the
STD and FMD models. The closed window relocation exposure rate value in mR/hr
is nearly identical for the two models at 2.87 mR/hr (STD) and 2.82 mR/hr (FMD),
when inputting all contributing nuclides as “field data”. If the number of deposited
nuclides fed as input into the FMD model is limited to the primary 15 nuclides
normally used in relocation calculations per FEMA training, the modified FMD
results are 0.509 rem 2" year dose and 2.49 mR/hr closed window exposure rate at
the relocation “boundary”. This lower FMD mR/hr value will cause the relocation
“boundary” to move from a 7 mile centerline distance to an 8 mile distance. These
findings support that the early STD relocation projections can be used to determine
an “initial” closed window mR/hr value that defines an early relocation boundary,
and that can be used to develop a post plume field team sampling strategy.
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A.4 RASCAL STD Case Summary

Event Type Nuclear Power Plant
Case description None
Location
Name: Prairie Island - Unit 1
City, county, state: Red Wing, Goodhue, MN
Lat/ Long/ Elev: 44.6218°N, 92.6330°W, 210 m
Time zone: Central
Population (2010): 390/4,571/28,024 (2/5 /10 mi)

Reactor Parameters
Reactor power: 1677 MWt

Peak rod burn-up: 30000 MWd / MTU
Containment type: PWR Dry Ambient
Containment volume: 1.30E+06 ft°
Design pressure: 41 Ib/in?

Design leak rate: 0.50 %/d

Coolant mass: 1.70E+05 kg

Assemblies in core: 121

Steam generator type: U-Tube

SG water mass: 42184 kg

Source Term
Type: Time Core Is Uncovered
Shutdown: 2012/10/05 00:00
Core uncovered: 2012/10/05 01:00
Core recovered: 2012/10/05 06:00

Release Pathway
Type: PWR - Dry Containment Leakage or Failure
Release height: 10. m
Release events
2012/10/05 01:00 Leak rate (% vol) 1. %/d
2012/10/05 01:00 Sprays Off
2012/10/05 06:00 Leak rate (% vol) 0. %/h

Meteorology
Type: Predefined - Not site specific

Dataset name: Standard Meteorology

Dataset desc: Wind 4 mph from 270, Stab D, No Precip

Summary of data Dir Speed  Stab Temp

at release point: Type deg mph class Precip °F
00:00 Obs 270 4.0 D None 70

Modify winds for topography: No

Calculations
Case title: PINGP_CoreDamage_ContLeakage StdMet_8Hr_B
End of calculations: 2012/10/05 09:00
Start of release to atmosphere + 8 h

Distance of calculation: Close-in + to 10 miles
Close-in distances: 0.1, 0.2, 0.3, 0.5, 0.7, 1.0, 1.5, 2.0 miles
Analyst name: Dose Analyst

Inhalation dose factors: FGR 11 (ICRP 26)
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A.5 Source Term

Total amount released to atmosphere: 4.2E+05 Ci

2.2E+02
8.8E+02
1.4E+02
6.0E+02
6.0E+02
3.9E+02
1.7E+03
1.3E+04
1.0E+03
1.5E+05
4.6E+03
5.4E+04
1.1E+04
9.5E+01

9.3E+02

Nuclide Ci Nuclide Ci Nuclide Ci
Am-241 1.8E-05 La-142 3.7E+01 Sr-91  3.1E+03
Ba-139 8.0E+02 Mo-99 2.5E+02 Sr-92 1.5E+03
Ba-140 6.7E+03  Nb-95 2.9E+02 Tc-99m
Ce-141 2.9E+02 Nb-97 1.2E+01 Te-127

Ce-143 2.4E+02 Nd-147 1.1E+02 Te-127m
Ce-144* 2.4E+02 Np-239 3.6E+03 Te-129
Cm-242 7.2E+00 Pm-147 1.5E-02 Te-129m

Cs-134 25E+03 Pr-143 25E+02 Te-131
Cs-136 1.0E+03 Pr-144 2.3E+02 Te-131m
Cs-137* 1.7E+03  Pu-238 3.0E-05 Te-132

Cs-138 4.0E+02 Pu-239 5.5E-05 Xe-131m

1-131 1.7E+04  Pu-241 2.2E+01 Xe-133

-132 2.3E+04 Rb-86 3.6E+01 Xe-133m
1-133 3.0E+04 Rb-88 1.5E+04 Xe-135

1-134 2.7E+03 Rh-103m 2.1E+02 Xe-135m
1-135 2.2E+04 Rh-105 1.4E+02 Xe-138

Kr-83m 2.2E+03 Ru-103 2.3E+02 Y-90 1.9E+01
Kr-85 6.1E+02 Ru-105 8.5E+01 Y-91 2.1E+02
Kr-85m 9.7E+03  Ru-106* 6.3E+01 Y-91m

Kr-87 5.2E+03  Sb-127 8.2E+02  Y-92 4.2E+02
Kr-88 1.9E+04 Sb-129 1.5E+03  Y-93 1.2E+02
La-140 43E+02 Sr-89 3.4E+03 Zr-95 29E+02
La-141 1.3E+02  Sr-90 2.6E+02  Zr-97* 2.3E+02

A.6 Screen Images

g Source Term to Dose - [_PINGP_CoreDamage_Contleakage_StandardMet_Testl 8Hr B.STD] EI@
File Settings MNuclide Data Viewer Site / Facility Data Viewer Help
Foll_ow the steps below to
define and run a problem Use the Tabs below to review information.
(@ Event Type
NEP Feactor Maximum Dose Values (rem) - To 10 mi A
Dist from release
. miles 3 4 5 7 10
(kilometers) (4.8) (6.4) (8.0) (11.3) (16.1)
Prairie |sland - Urit 1
Total EDE 7.5E-01 7.0E-01 5.8E-01 4. 3E-01 2.9E-01
Thyroid CDE T.0E+00 B.6E+00 5.5E+00 4 1E+00 2.8E+00
Inhalation CEDE 52E-01 4.9E-01 41E-01 20E-01 21E-01 E
- Cloudshine 27E-02 25E-02 2.0E-02 1.4E-02 8.8E-03
Time Core | L d
s e e 4-day Groundshine 20E-01  18E-01 15601  11E01  7.E-02
Inter Phase 1stYr 2.0E+00 1.9E+00 1.5E+00 11E+00 7.5E-01
(% Release Path Inter Phase 2nd Yr 9.1E-01 8.4E-01 T.0E-01 5.1E-01 34E-01
PR Dy Notes:
* Doses exceeding PAGs are underlined.
* Early-Phase PAGs: TEDE - 1 rem, Thyroid (iodine) CDE - 5 rem
* Intermediate-Phase PAGs: 1styear- 2 rem, 2nd year- 0.5 rem
Predefined Conditions +Inhalation dose factors used: FGR 11 (ICRP 28}
» *** indicates values less than 1 mrem T
4 1 3
Walue displayed: ¢ Close-in dose Display urits: (& English
@Qalculale Doscs % Doszes to 10 miles " Metric L E
o~ Definitions Print
[#] Detailed Results
|H Save Case | Caze Summary l Source Term l Maximum Dose Values

Figure A.6-1 RASCAL STD Maximum Dose Values Screen

Version 4.2

March 28, 2013

Page:

75



B3 10-mile Mumeric Table

Dose Rate at 2012/10/05 09:00

Distances are in miles from releasze point

External Gamma Exposure Rate [mF/h)

equal to or greater than:

2.88E-02
268E-
1.03E+00
2.35E+00
3TE+O0
2.35E+00
1.02E+00
2E8E-M
2.88E-02

05.50E OR.O0E OBS0E
05.00 M
04.50 M
04.00 M
350N
300N
0250 N
0200 N 3.56E-04
01.50 N 1.36E-01  2.00E-M
01.00 N 828601 340E-M
00.50 M 280E+00 244400
00.00 JE2E+00  23EE+00
00505 280E+00 244400
01.o0s 8.28E01  940E-M
01.505 1.36E01  2.00E-M
02005 3BEE-04
02805
03.005
03805
04.005
045805
05.005
4

1.60E-04

188E05  141E02  356E-O2

B16E-02  928E-02  1.28E-01  1.BBE-
335601 400E-01 460E-01 S16E-ON
1.03E+00  1.13E+00  1.16E+00  1.18E+00
224E400  2713E+00  Z03E+00  1.94E+00
2E5E+00  Z4BE+00  Z2.30E+00

224E400  273E+00  Z03E+00  1.94E+00
1.09E+00  1.93E+00  1.16E+00  1.18E+00
335E01 400E-1 4E0E-01 BIEE-DN

E1EE02  928E-02  1.28E-01  1.EBE-

168E-05 141602 3EGE-0Z
1 60E-04

Colar all cells with a value Coalar Pasition cursar over cell to see
= bearing and distance

Clear Color Click cell to plat dase rate vs time

07.00E 07.50E 03.00 E 03.50E 03.00 E

0950 E 10.00E -
576E05  EF2ED4  238E03
191E03  1.3BE-02  3FOE-O2
5.80E-02 BS9EE-02 13201
215E01  272E-001 346E-O1
5.84E-01  ESEE-M 7HZE-O1
1.20E+00  1.25E+00  1.33E+00
1.88E+00 1.86E+00  1.83E+00 =
2196400 212E+00  213E+00
1.88E+00  1.86E+D0  1.89E+00
1.20E+00  1.25E+00  1.33E+00
E84E-01  BEBE-M 7B2E-O1
215E01  272E-01 34BE-O1
E.80E-02  8S9BE-02  1.32E-01
1.91E03  1.3BE-02  3.7FOE-O2
576E05 BF2E-04  238E-03
m 3
Export | ] |
Print | Help |

Figure A.6-2 Numeric Table Closed Window Exposure Rate at 7 Miles

B9 Surface Concentration - Radio

Muclide PCidmé -
[-133 4 B2E+01
[-13 2.98E+01
[-132 2 90E+01
Te-132 2 BRE+01
[-135 233+ |
Ba-140 1.40E+01
Mp-239 7.23E+00
Sr-89 7.22E+00
Cz-134 5.24E+00
S 4 73E+00

Cs-137 3.B3E+00
Te-13m 3. FE+00

v-S1m 2.94E+00
Csz-136 210E+00
La-140 1.83E+00
Te127 1.81E+00
Sb127 1.63E+00
Sb-123 1.56E+00
92 1.40E+00
Te-129m 1.26E+00
Sr-32 9.33E-M
Te-123 8.45E-M
Te-13 TA4EE-01

e

B9 Surface Concentration - Radio

Muclide PCidmé -
5192 9.99E-01
Te129 8.4BE-01
Te-13 7.4BE-01
Ce-141 B.19E-01
Mb-35 B.14E-01
Zr-35 6.03E-01
5190 5.53E-01
Pr-143 5.39E-01
Ce-144 5.01E-01
Pr-144 5.01E-01
to-39 4.97E-01
Fu-103 4 77E-01
Fik-103m 475E-01 |F
Ce143 4 FOE-01
Tc-99m 4 B4E-01
Y91 4 47E-01
Zr-a7 4 00E-01
Te127m 2.99E-01
Fih-105 2.90E-01
Md-147 2.33E-01
93 1.8BE-01
Ba139 1.61E-01
w130 g

e

B9 Surface Concentration - Radio

Muclide
v-91
297
Te12¥m
Rh-105
MHd-147
¥-93
Ba-133
Fu-108*
La-141
Rb-08
Fu-105
Fb-8&
-0
[-134
Pu-241
Mb-97
Cr-242
La-142
Cz138
Pri-147
Pu-233
Pu-238
Arm-241

pCidrf
4.47E-M
4.00E-M
2.93E-M
2.90E-M
2.33E-M
1.86E-0
1.61E-0
1.33E-0
1.23E-0
9.82E-02
2.41E-02
7.49E-02
E.40E-02
5.92E-02
4.63E-02
2.26E-02
1.52E-02
1.04E-02
5.53E-04
£.34E-05
2. 24E-07
1.24E-07

i F.A7E0S

e

m

Figure A.6-3 Nuclide Deposition Concentrations at 7 Mile Centerline Distance
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J Field Measurements to Dose

File  MNuclide Data Viewer

Help

(@ Event Descripti

@ Sample Data

@ Lalculation Options

@ LCompute Doses

i

Intermediate Phase Doses (rem)

Pathway 1st Year  2nd Year 50 Years
Groundshine (FGR-12) 1.12E+00 5.11E-01  4.86E+00
Submersion (FGR-12) 125E-04 1.26E-07 1.25E-04 =
Effective Inhalation (FGR-11) 9.28E-03 4.14E-05 9.77E-03
Total 1.13E+00 5.11E-01 4.87E+00
Delay TEDE Remainder {rem)
Before 168 hiwk in area with 0% in bldg
Return 1st Year  2nd Year 50 Year
0d 8.94E-01 5.04E-01 4.55E+00
1d 8.70E-01 5.04E-01 4.52E+00
2d 8.66E-01 5.04E-01 4.51E+00
4d 8.37E-01 5.04E-01 4.49E+00
7d 8.14E-01 5.04E-01 447E+00
10d 795E-01 5.04E-01 445E+00
14 d TT4E-01  5.04E-01 443E+00
30d 7A0E-01 5.04E-01  4.37E+00

" DRL Table

" Early Phaze Dozes

i+ :htermediate Phase Doze:

J

4  Save Case

Casze Summary J\

™ Deposition Exposure Rate DRLs

" Marker Muclide Concentration DRLs

Results J

Figure A.6-4 FMD Intermediate Phase Dose Calculation - All Nuclides

J Field Measurements to Dose

File Muclide Data Viewer

Help

[E=1 Eol =X~

@ Event D ipti

@ Sample Data

@ Lalculation Options

1l

@ LCompute Doses

Intermediate Phase Derived Response Levels (DRLs)

Delay Gamma exposure rate (mR/h)
Before at return equal to EPA PAG
Return 1st Year 2nd Year 50 Year
0d 6.37TE+00 282E+00 3.13E+00
1d 419E+00 1.80E+00 2.01E+00
2d J.56E+00 1.51E+00 1.69E+00
4d 2.91E+00 1.21E+00 1.36E+00
id 23E+00  932E-01 1.05E+00
10d 1.89E+00 T7A47E-01  8.46E-01
14 d 1.52E+00 5.84E-01 6.64E-01
0d 8.80E-01  3.10E-01  3.58E-MM
60 d 5.91E-01  1.82E-01 215E-1
90d 561E-01  1.52E-01  1.83E-1
180 d TA1E01 1.27E-01 1.60E-1
270 d 1.35E+00 112E-01  1.48E-01
1y 9.98E-02 1.38E-1
125y 1.26E-01  1.30E-01
15y 1.80E-01  1.22E-01

Cs-137* surface concentration
(uCifm®) equal to EPA PAG

1st Year
8.11E+00
8.32E+00
8.46E+00
8.65E+00
8.86E+00
9.05E+00
9.27E+00
1.00E+01
1.12E+01
1.26E+01
1.90E+01
3.73E+M1

2nd Year
2.9TE+00
2.9TE+00
2.9TE+00
2.95E+00
2.95E+00
2.95E+00
2.95E+00
2.92E+00
2 B9E+00
2.B4E+00
2. T3E+00
2 B4E+00
2 5RE+00
346E+00
5 2TE+00

50 Year

3.97E+00
4. 00E+00
4.00E+00
4. 03E+00
4. 03E+00
4. 05E+00
4. 05E+00
4 08E+00
4. 08E+00
4. 08E+00
4 11E+00
4. 08E+00
4. 08E+00
4 08E+00
4. 08E+00 v

m

" Early Phase Doses

" Intermediate Phase Doses

J

4  Save Case

Casze Summary J\

™ Deposition Exposure Rate DRLs

" Marker Muclide Concentration DRLs

Results J

Figure A.6-5 FMD Intermediate Phase Relocation DRL Calc. - All Nuclides
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J Field Measurements to Dose

File Muclide Data Viewer Help

(@ Event Descripti

@ Sample Data

@ Lalculation Options

@ LCompute Doses

i

Intermediate Phase Doses (rem)

Pathway 1st Year  2nd Year 50 Years
Groundshine (FGR-12) 1.09E+00 5.09E-01 4.82E+00
Submersion (FGR-12) 1.16E-04 1.26E-07 1.16E-04 =
Effective Inhalation (FGR-11) 6.40E-03 272E-05 6.63E-03
Total 1.09E+00 5.09E-01 4.83E+00
Delay TEDE Remainder {rem)
Before 168 hiwk in area with 0% in bldg
Return 1st Year  2nd Year 50 Year
0d 8.61E-01 5.04E-01 4.52E+00
1d 8.41E-01 5.04E-01 4.50E+00
2d 8.30E-01 5.04E-01 4.48E+00
4d 8.14E-01 5.04E-01 447E+00
7d 795E-01 5.04E-01 445E+00
10d TT79E-01 5.04E-01 4.43E+00
14 d 7T61E-01 5.04E-01 4.42E+00
30d 7.04E-01 504E-01  4.36E+00

" DRL Table

" Early Phaze Dozes

+ Intermediate Phase Doses

| 4  Save Case

Casze Summary

R

™ Deposition Exposure Rate DRLs

" Marker Muclide Concentration DRLs

esults J

Figure A.6-6 FMD Intermediate Phase Dose Calculations - 15 Nuclides

J Field Measurements to Dose
File Muclide Data Viewer Help

[E=1 Eol =X~

@ Event D ipti

@ Sample Data

@ Lalculation Options

1l

@ LCompute Doses

Intermediate Phase Derived Response Levels (DRLs)

Delay
Before
Return
0d

1d
2d

4d

7d
10d
14 d
30d
60 d
90 d
180 d
270 d
1y
125y
156y

Gamma exposure rate (mR/h)
at return equal to EPA PAG

1st Year
5.83E+00
3.94E+00
3.38E+00
2. T9E+00
2. 21E+00
1.81E+00
1.45E+00
8.39E-01
5 T6E-01
5 B4E-01
7.36E-01
1.34E+00

2nd Year
2. 49E+00
1.64E+00
1.39E+00
1.13E+00
8.71E-1
6.98E-01
5 46E-01
2.93E-1
1.77E-01
1.50E-01
1.26E-01
1.11E-01
9.93E-02
1.26E-01
1.80E-01

50 Year
2. TBE+00
1.84E+00
1.56E+00
1.27E+00
9.87E-1
7.94E-01
6.23E-01
3.39E-1
2.09E-01
1.80E-01
1.58E-01
1.47E-01
1.37E-01
1.29E-01
1.22E-01

Cs-137* surface concentration
(uCifm®) equal to EPA PAG

1st Year
8. 41E+00
8.62E+00
8.73E+00
8.89E+00
9.08E+00
9.24E+00
9.43E+00
1.01E+01
1.13E+01
1.26E+01
1.90E+01
3.73E+M1

2nd Year
2.9TE+00
2.9TE+00
2.9TE+00
2.95E+00
2.95E+00
2.95E+00
2.95E+00
2.92E+00
2 B9E+00
2.B4E+00
2. T3E+00
2 B4E+00
2 5RE+00
346E+00
5 2TE+00

50 Year

4. 00E+00
4. 03E+00
4.03E+00
4. 05E+00
4 05E+00
4. 05E+00
4. 08E+00
4 08E+00
4. 08E+00
4 11E+00
4 11E+00
4. 08E+00
4. 08E+00
4 08E+00
4. 08E+00 v

m

" Early Phase Doses

" Intermediate Phase Doses

4  Save Case

J

Casze Summary

R

™ Deposition Exposure Rate DRLs

" Marker Muclide Concentration DRLs

esults J

Figure A.6-7 FMD Intermediate Phase Relocation DRL Calc. - 15 Nuclides
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APPENDIX B. SAMPLE FIELD TEAM CONTROLLER DATA & MAP SETS

File Edit Miew Window Help

%L WI- RADO4 - PtBeach 20120417 Exercise - Offsite Field Team Data Plume Footprint Survey Maps.pdf - Adobe Reader =1 ==
x

B & |

r )
~++ EXERCISE *** Plume Model «++ EXERCISE ***

Not For Public Distribution Paint Beach Nuclear Plant Not For Public Distribution

| ==
Exposure Rate
¢ <05mRr
@ 05-5mRinr
@ 5-75 mRme
@ 25 - 50 mRmr

) 50- 100 mRthr

/10 ‘ (=) (o

@ 100 - 200 mRihr

‘ Ca | '”: Comment

@ > 200 mRmr

—
Legend

Sampling Points
&3 pont sescn usiar Fiant
— Interstates

m— siate Highways

County Roads

—— Local Roags

Vectors
O county Boundaries

=l R T
=3 4 2 Detete - | [§]- #
- o 0 .00 | Conditional Format Cell feey Sort & Find &

$ L el Formatting = as Table = Styles ~ ,u;jFormatv @7 Filter~ Select~

Clipboard 1 Font . Alignment Number Styles Cells Editing
A2 - p3
A | B c ] E F G H | J K L ] a R s

1 April 17, 2012 TurnBack Value (mR/hr) =| 200 nstrument Min. Sensitivity (mR/hr] 0.50
2 XMime Period BekGrnd= | Multiplier= 0.858 Relstart= 12:05 _ |RelDu 400 [RelEn 16:05 |
3 Plume 12:15 50 Field Survey Data DRD Exposure Calculations Air Samples OpeniClosed & 67Hm
4 | Location 12:30 cpm & inches (15cm) 3 ft (1 meter) Rate | Time | At site| Start lodine Particulate Analysis Comparative Dati
5 CL= Gross mR/hr mR/hr mR/hr mRhr |mR per| At Site | Expin mAR Net Kilo Net Kilo &~ EzpRate | Im EzpRate| &~ ws Im
5 Centerline Miles cpm Open Closed Open Closed 1min. | minutes| mAR CPM0 fie3 CPM/10 ft3 OW-CW OW-CW 6™-BIm
7 CL10 1.00 f 183.8 323 182.0 32.0 30 0.404 T1.571 151.5 150.0 1.5
8 N2 1.30 cz 728 12.2 724 121 1.2 0.160 2.999 B0.6 60.0 0.6
9 P2 1.60 68,385 49 0.8 4.9 0.8 0.1 <025 0.202 441 4.1 0.0
10 Q2 2.00 71 =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =<0.5 <0.5
11 |CL2.0 2.00 14,664 14 <0.5 1.0 <0.5 0.0 <.025 0.043 11 1.0 0.0
12 | M3 2.50 BckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 =025 <0.5 =<0.5 <0.5
13 |H3 2.30 83 =0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =0.5 <0.5
14 |P3 2.70 BeckGrnd <0.5 <0.5 <0.5 <0.5 0.0 <025 <025 <0.5 =<0.5 <0.5
15 |CL3.0 3.00 BeckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =<0.5 <0.5
18 H4A 3.80 BckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =<0.5 <0.5
17 H4B 3.80 BeckGrnd =0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =0.5 <0.5
18 P4 3.10 BckGrnd <0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 <0.5 <0.5
15 |CL4.0 4.00 BeckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <025 <025 <0.5 <0.5 <0.5
20 MBA 3.90 BeckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =<0.5 <0.5
21 PS5 4.20 BckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =<0.5 <0.5
22 CL540 5.00 BeckGrnd =0.5 <0.5 <0.5 <0.5 0.0 <025 <025 <0.5 =0.5 <0.5
23 NBA 540 BeckGrnd <0.5 <0.5 <0.5 <0.5 0.0 <025 <025 <0.5 <0.5 <0.5
24 NEB 5.30 BeckGrnd <0.5 <0.5 <0.5 <0.5 0.0 <025 <025 <0.5 <0.5 <0.5
25 PBA 5.30 BeckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =<0.5 <0.5
26 PEB 5.50 BckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 =025 <0.5 =<0.5 <0.5
27 CL6AO 6.00 BeckGrnd =0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =0.5 <0.5
28 N7A 6.50 BeckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <025 <025 <0.5 <0.5 <0.5
28 N7B 6.30 BeckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =<0.5 <0.5
30 |PTA 6.20 BeckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 <0.5 <0.5
31 CL7O T1.00 BckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =<0.5 <0.5
32 HBA 140 BeckGrnd =0.5 <0.5 <0.5 <0.5 0.0 <025 =025 <0.5 =0.5 <0.5
W4 » M| 1215-1230 7 1230-1245 1245-1300 1300-1315 1315-1330 1330-1345 1345-141] 4 | il |
Ready | IE =R N

Figure B.1 Exposure Rate Data and Map for 12:15-12:30 Time Frame
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m WI - RADO4 - PtBeach 20120417 Exercise - Offsite Field Team Data Plume Footprint Survey Maps.pdf - Adobe Reader
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@ & WI - RADOS - PtBeach 20120417 Exercise - Offsite Field Team Data Tables Modified for Controllers v3 Controller Copy.xls [Compatibilit... o @3O=
- Home Insert Page Layout Farmulas Data Review View @& Q = @ ER
o T Ml ) | = - - :
:‘ & Arial ~10 v A" A = -0 = Number }‘ﬂj f;d I;d =‘ Insert 2 %W \;a
v i, ) = 3 3% Delete - | [g] &
Paste B . A - § - % 3 | %300 Condiional Format Cell | .. Sort & Find &
- T . " | Formatting - as Table ~ Styles ~ L;jFormat' 27 Filter~ Select~
Clipboard Fant Alignment Number Styles Cells Editing
c3 ) k| 50
A B C o E E G L M Q R S -
1 April 17, 2012 TurnBack_Value (mR/hr) =| 200 nstrume =
2 Time Period BokGrnd= |_Mult 0.858 RelStart= 12:05 |
| 2 | Plume 12:30 50 Field Survey Data DRD Exposure Calculations Air Samples OpeniClosed & 6"Hm
4  Location 12:45 cpm & inches (15cm) 3 ft (1 meter) Rate Time | At site] Start lodine Particulate Analysis Comparative Dat:
5 CL= Gross mRhr mR/hr mRhr mREr |mR per| At Site | Expin mR Net Kilo NeatKilo |6~ ExpRate|im ExpRate| £~ v im
& Centerling| Miles Open Closed Open Closed 1min. |minutes| mR CPM10 ft3 | CPM/10 fit3 OW-CW OW-CW BE™-fIm
7 CLi0 678.7 94.7 672.0 93.8 11.2 1.492 27.955 584.0 578.2 5.8
8 91.2 488.0 90.3 8.1 1.083 20.301 401.7 397.7 4.0
8 16.8 67.6 16.6 1.1 0.150 2812 51.5 51.0 0.5
10 0.5 1.2 0.5 0.0 <.025 0.050 0.7 0.7 0.0
i 105.0 245.0 104.0 44 0.551 10347 1454 144.0 14
12 <0.5 <0.5 <0.5 0.0 <.025 <.025 <0.5 <0.5 <0.5
13 M3 88.9 40.9 1.5 0.197 3.698 48.5 48.0 0.5
14 > 22 4.3 2.2 0.1 <.025 0.178 241 24 0.0
15 3.00 293,280 21.0 10.7 20.8 10.6 0.3 0.045 0.865 10.3 10.2 0.1
16 3.80 608 =0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 0.5 <0.5
i 3.80 89 <0.5 <0.5 <0.5 <0.5 0.0 <025 <025 <0.5 =<0.5 <0.5
18 3.10 97,290 70 3.6 6.9 3.6 0.1 <025 0.287 34 33 0.0
19 4.00 494 =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =<0.5 <0.5
20 3.90 BckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =<0.5 <0.5
21 4.20 BeckGrnd =0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =0.5 <0.5
22 5.00 BeckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <025 <025 <0.5 <0.5 <0.5
23 5.40 BeckGrnd =<0.5 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =<0.5 <0.5
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21 15 341 1.5 04 <.025 0.129 1.6 1.6 0.0
22 105.0 270.0 104.0 4.5 0.599 11.232 167.7 166.0 1.7
23 <0.5 <0.5 <0.5 0.0 <.025 <025 <0.5 =<0.5 <0.5
24 239 57.1 23.7 1.0 0.127 2.375 33.7 334 0.3
25 122 29.0 121 0.5 0.064 1.206 7.1 16.9 0.2
26 80.4 187.0 79.6 34 0.415 1.77% 108.5 107.4 14
27 87,3 186.0 864 3.4 0413 1.738 100.6 99.6 1.0
28 160.6 811 169.0 803 27 0.353 6.614 79.5 T18.7 0.8
29 6.30 2.3 10.8 214 10.7 0.4 0.047 0.878 10.5 104 0.1
30 6.20 614 30.2 60.5 259 1.0 0.135 2,529 3.2 309 0.3
31 |CL7.0 1.00 132.3 73.6 131.0 729 2.2 0.291 5.450 58.7 58.1 0.6
32 NBA 710 5443 <05 <0.5 <0.5 <025 <025 <0.5 <0.5 <0.5 4
HArm 1230-1245 1245-1300 1300-1215 1315-1330 1330-1345 | 1345-1400 . 1400-[] 4 | il »
Ready | I =TS Y] 3+

Figure B.7 Exposure Rate Data and Map for 13:45-14:00 Time Frame
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APPENDIX C. PRE-LOADING METEOROLOGICAL INFORMATION AND DATA
C.1 RASCAL’s Meteorological Data Processor Program Screen

Meteorological Data Processor
A component of RASCAL

Version 4.2 March, 2012

Developed for the U.S. Nuclear Regulatory Commission (USNRC)
Please submit comments to Lou Brandon: lou.brandon@nrc.gov

Prnceed

Figure C.1 RASCAL’s Meteorological Data Processor Program Screen

The meteorological data processor can be independently loaded by going to the
RASCAL program folder and finding the following file: MetProc_NRC.exe. This file
can be directly accessed from the desktop if a desktop shortcut is created.

Clicking on the Proceed button will give the following familiar screen.
C.2 RASCAL’s Meteorological Data Processor Initial Data Entry Screen

=| Meteorological Data Processor @
File 5tations Help

Location

Location: Undefined

Latitude: Undefined

Longitude:  Undefined

Awailable meteorological stations

Station| Distance Bearing
[1] [miles) [deg]

Observation Summary l Station Summary

Figure C.2 RASCAL’s Meteorological Data Processor Initial Data Entry Screen

Clicking on the Location button will begin the data entry process much like that
performed when accessing the met module from within RASCAL.
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D.1 RASCAL’s Source Term Nuclide Data Table

APPENDIX D. MOVING THE SOURCE TERM NUCLIDE TABLE TO EXCEL

FDII_UW the steps below to
define and run a problem Use the Tabs below to review information.

|

@ Event Type

NPP Reactor Source Term

Total amount released to atmosphere: 7.7E+05 Ci
(@ Event Location

Nuclide Ci Nuclide Ci Nuclide Ci
Kewaunes Cs-134  4.8E+03 1-135 6.4E+04 Rb-88 2.3E+04

Cs-136  1.9E+03 Kr-83m  8.7E+03 ¥e-131m  14E+03
Cs-137*  3.3E+03 Kr-85 8.3E+02 Xe-133  21E+05

S Cs-138  1.3E+04 K-85m  2.1E+04 Xe-133m  6.5E+03

Specilied Core Damage 1-131 3.6E+04 Ki-87 31E+04 Xe-135 5. 7E+04
Endpaint 1-132 4 4E+04 Kr-83 5 4E+04 ¥e-135m  2.0E+04
v— 1-133 6.9E+04 Rb-86 6.9E+01 ¥e-138  45E+04
e
PR Dy

Motes:

- Nuclides with * in name include implicit daughters.

@ Meteorology

Actual Observations

(@ Calculate Doses
Dty ol e iEnaih Release vs. Time Print
[£] Detailed Results " Metic
[ kl Save Case Case Summary J\ l Mazirmum Dose Values

Figure D.1-1 RASCAL’s Source Term Nuclide Data Table

Highlight the nuclide data with the computer’'s mouse and simultaneously press the

“Ctrl” + “C” keys (the mouse copy function does not work in this screen image).

File Settings Nuclide Data Viewer  Site / Facility Data Viewer  Help

Fallow the steps below to
define and run a problem Use the Tabs below to revies information.

Source Term to Dose - [NREP_2013_KPS_CoreDamage_2011PPX_10mile.5TD] o] =]

[

@ Event Type

MPF Feactor Source Term

otal amount released to atmosphere: 7.7E+05 Ci
@ Event Location

Kewaunes

@ Souice Term

Specified Core Damage R

Endpoint - 4 (-88 5 4E+04
: 6.9E+01

In-

@ Belease Path
PWh Dy

5. 7TE+04

ith * in name include implicit daughters.

@ Meteorology

Actual Observations

(@ Calculate Doses

DEp & Engish Release vs. Time Pririt
[#] Detailed Results " Metic
H Save Casze Case Summary J\ Source Term l M aximum Dose Y alues

Figure D.1-2 RASCAL'’s Highlighted Source Term Nuclide Data Table

The copied data can now be “pasted” into an Excel spreadsheet using either the

mouse paste function or the “Ctrl” + “V” keys (see next image).
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D.2 Source Term Nuclide Data “Pasted” into Excel

|§“ =, R @ 4= Bookl - Microsoft Excel = @ 52
Home | Insert Page Layout Formulas Data Review WView & 0 o B B
E % calibri - 11‘ - = o, Al lml = v
P'_aste - B Z U~ AW Alignment Mumber 5Styles | Cells @T ﬂ%*
P Ee | dA i s e R N
Clipboard o= Font I Editing
A2 - I | v
A B C D E F G Fo
1 Total amount released to atmosphere: 7.7E+05 Ci B
2 | ]
3 | Nuclide Ci Muclide Ci Muclide Ci
4 Cs-134 4.80E+03 1-135 6.40E+04 Rb-88 2.30E+04
5 |Cs-136 1.90E+03 Kr-83m 8.70E+03 Xe-131m  1.40E+03
B Cs-137*  3.30E+03 Kr-83 8.30E+H02 Xe-133 2.10E+05 £
7 Cs-138 1.30E+04 Kr-85m 2.10E+04 Xe-133m  6.50E+03
8 1-1131 3.50E+04 Kr-87 3.10E+04 ¥e-135 5.70E+04
9 |1I-132 4. 40E+04 Kr-88 5.40E+04 Xe-135m  2.00E+04
10 |1-133 6.90E+04 Rb-86 6.90E+01 Xe-138 4.50E+04
11 [1-134 5.70E+04 L4
12
13 |Motes:
14 |» Nuclides with * in name include implicit daughters. & (Ctrl) ~
15 -
M4 4 + M| Sheetl ~Sheet? . Sheetd . ¥] (1] 4| M | ]l
Ready | |@|ﬁ|@ 100% (=) [] (+)

Figure D.2 Source Term Nuclide Data “Pasted” into Excel

Once this data is placed into Excel it can be separated into Noble Gases, lodines
and Particulates for determining nuclide percentages and ratio if needed.

For a core damage ST the nuclide list can be in excess of 50 isotopes.

Version 4.2 March 28, 2013 Page: a0



ACRONYMS, DEFINITIONS AND REFERENCES

ACRONYMS

ALARA
Ci
csv
DIL
DRD
DRL
EAL
ECL
EOC
EPA
EPZ
ERDS
EW
FDA
FEMA
FMD
FP
FRMAC
GIS
GP
hr
IPX
IPZ
K
Lat/Long
LWR
m2

U
NARS
NPP
NRC
NT

P
PAD
PAG
PAR
PPX
R
RASCAL
rem
REP
SR
ST
STD
TN
USDA

Version 4.2

As Low As Reasonably Achievable
Curie

comma separated value

Derived Intervention Level

Direct Reading Dosimeter

Derived Response Level

Emergency Action Level

Emergency Classification Level
Emergency Operations Center

(U.S.) Environmental Protection Agency
Emergency Planning Zone

Emergency Response Data System
Emergency Worker

(U.S.) Food and Drug Administration
Federal Emergency Management Agency
Field Measurement to Dose

Foot Print

Federal Radiological Monitoring/Assessment Center
Graphic Information System

General Population

hour

Ingestion Phase Exercise

Ingestion Planning Zone

Potassium lodide

Latitude and Longitude

Light Water Reactor

meter squared

micro

Nuclear Accident Reporting System
Nuclear Power Plant

(U.S.) Nuclear Regulatory Commission
Numeric Table

pico

Protective Action Decision

Protective Action Guide

Protective Action Recommendation
Plume Phase Exercise

Roentgen

Radiological Assessment System for Consequence AnalLysis
roentgen equivalent man

Radiological Emergency Preparedness
Special Receptors

Source Term

Source Term to Dose

True North

U.S. Department of Agriculture
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DEFINITIONS
Curie (Ci)

Derived Intervention
Level

Dose
Dosimeter

Derived Response Level

Emergency Action Level

Emergency
Classification Level
(ECL)

Emergency Response
Phase (Early Phase)

Emergency Worker

Ingestion Emergency
Planning Zone

Nuclear Accident
Reporting System
(NARS)

Nuclear Power Plant
(NPP)

Off-site

Version 4.2

The basic unit of radioactive decay equal to 3.7 x 10™°
disintegrations per second.

A level of radioactive contamination in food as defined by
the U.S. FDA which would result in a recommendation to
consider protection measures be taken to limit exposure.

The energy imparted to matter by ionizing radiation.

A device that measures the accumulated ionizing
radiation exposure.

A calculated level of radioactive contamination in the
environment which would result in a recommendation to
consider protection measures be taken to limit exposure

A group of terms used to define the status of operating
systems within a nuclear power plant when non-normal
conditions exist.

A group of terms (i.e., Notification of Unusual Event, Alert,
Site Area Emergency and General Emergency) used to
classify the gravity of a nuclear power plant incident.

The Emergency Response Phase begins at the time the
incident occurs at the NPP. It ends when the plant
situation has stabilized and there is no further release of
radioactive material and all contamination has been
deposited in the environment.

An individual whose job assignment might require them to
enter a restricted area to engage in activities to protect the
public health and safety from the radiation effects of an
incident at a nuclear power plant.

A circular area having a radius of about 50 miles
measured from nuclear power plant. In the event of a
plant incident which results in a release of radioactive
material, human foods and animal feeds and water in this
area may be contaminated, and actions to protect the
public from the ingestion of these contaminated materials
may need to be instituted.

A system of dedicated telephone lines and supporting
reporting forms for notification of nuclear power plant
incidents and other emergencies.

An electrical power generating facility which uses the
nuclear fission of isotopes to create the heat energy
needed to drive the electrical steam turbines.

The area outside the nuclear power plant boundary within
which federal, state and local governments are
responsible for protection of the public.
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Plume Emergency
Planning Zone

Protective Action

Protective Action
Decision

Protective Action Guide
(PAG)

Protective Action
Recommendation (PAR)

Radiation

Recovery

Re-entry

Relocation

Rem

Restricted Area

Return

Roentgen
True North (TN)

Version 4.2

A circular area, having a radius of about ten miles
measured from a nuclear power plant.

An action taken to avoid all or most of the exposure of
humans or animals to radiation either immediately or in
the aftermath of a release of radioactive materials.

The formal implementation of a protective action
recommendation based on decision maker’s options.

The numeric projected doses of radiation to individuals
that act as "trigger points" to initiate protective actions.

Recommended action to avoid all or most of the exposure
of humans to radiation, either immediately or in the
aftermath of a release of radioactive materials; may
include such things as sheltering-in-place, evacuation or
decontamination of human foods and animal feeds.

The propagation of energy or energetic particles through
space or matter.

The process of reducing radiation exposure rates and
concentrations of radioactive material in the environment
to levels acceptable for unconditional occupancy or use.

The temporary entry into a restricted area under
controlled conditions.

The removal or continued exclusion of people from
contaminated or restricted areas to avoid chronic
radiation exposure.

A unit of absorbed dose of ionizing radiation in biological
matter.

An area with controlled access from which the population
has been evacuated or relocated to avoid immediate
acute or long term chronic exposure.

Permitting evacuated populations back into areas
previously restricted but which have now been cleared for
unrestricted occupancy or use.

A unit of external radiation exposure.

The geographic direction that uses the North Pole as zero
degrees (or 360 degrees) on the compass row.
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