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Inaucing ol snd e o The New RASCAL

* What is new?
* Why is it changed?

* \What are the implications of the
changes?

* Are the changes reasonable?
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The Changes

* Radioactive decay scheme
* Monitored mix release type
« Atmospheric dispersion and deposition
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* What are the Implications of the Change?

— The changes in decay schemes should not
result in any significant changes in dose
estimates; however, they significantly alter DRL
estimates.

— Truncation errors have been evaluated and are
generally << 1%

— Addition of implicit daughters and simplification
of chains that include branching increases doses
slightly at short times
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Monitored Release

* Assumptions
— Monitored pathway

— Monitor capable of distinguishing between
particle and noble gas activity

— Reactor is shutdown with core damage
— Particles are Csl
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Monitored Release Particle Activity Fraction

1-131 0.500 0.115
1-132 0.167
1-133 0.233
1-134 0.258
1-135 0.223
Cs-134 0.00193
Cs-136 0.000613

Cs-137  0.500 0.00134
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Atmospheric Dispersion

* Why the Change?

— The Pasquill-Gifford dispersion parameters
were based on dispersion experiments in the
1950s.

— Atmospheric experiments on dispersion and
boundary layer processes in the 1960s,

1970s, and 1980s provide better methods of
estimating atmospheric dispersion.
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* Are the Dispersion and Deposition
Changes Reasonable?

— The new dispersion and deposition algorithms
were developed for environmental dose
reconstruction at Hanford in the 1990s

— The development and application of the new
algorithms were extensively reviewed by
leading experts including F. Gifford and
scientific organizations including the National
Academy of Sciences.
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* Are the Dispersion and Deposition
Changes Reasonable?

— The Hanford Environmental Dose
Reconstruction Project included an extensive
validation effort

— The dispersion and deposition algorithms
have been used in subsequent dose
reconstruction projects (ORNL, INEL, Rocky
Flats, and Mayak, USSR)
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Kr-85 Predictions for Routine Releases at Hanford
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lodine in Grass Following Unintended Release at Hanford
(Sept. 1963)
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lodine in Milk Following Unintended Release at Hanford
(Sept. 1963)
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and Deposition

The Bottom Line For an Unintended Release at Hanford
(Sept 1963)

Boy 45.3 35

Girl 11.3 9

14



LUSNRC 6ontrast wWRASCAL 3.0.5

Protecting People and the Environment

* Highlight new features — new ATD model
» Case Study - Fixed Parameters

Byron NPP, Core uncovered 1 hr
2% release per day, no spray, no filters
activity released — 9.5 E5 Curies 3.0.5
-- 8.9 E5 Curies 4.0

« Case Study — Varying Parameters
Stability Classes B and E
2 & 8 mph wind speeds, no precip
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Source Term to Dose - [Mew Case.5TD]
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File Options

Fallaw the steps below to
define and run a problem

Muclide Data Viewer

Site / Facility Data Viewer

Help

|Jze the Tabs below to review information.

-

[ Event Type

MPP Reactor

[ Event Location

Byron - Unit 2

’ [ Source Temm

S Wrderired.:

<undefined:

’ E Meteorology

<undefined:

’ L Save Case

Case Summary
Event Type

Location

MName:

City, county, state:
Lat / Long / Elev:
Time zone:
Population (2000):

Reactor Parameters

Reactor power:
Average fuel burn-up:
Containment type:
Containment volume:
Design pressure:
Design leak rate:
Coolant mass:
Assemblies in core:

Steam generator type:

Case Summary

Muclear Power Plant

Byron - Unit 2
Byron, Ogle. IL
42.0750° N, 89.2819° Wy
Central

BGT /9,752 (24,985 (2 4

358
300
PV
2.9(
611
010
251
193
U-T

J_|

5. Source Term Options for Nuclear Power Plant

Source term based on reactor conditions

{+ Time Core |z Uncovered

(" Specified Core D'amage Endpaint
" Containment B adiation b onitor

{ " Coolant Sample

-

5 Time Core Is Uncovered

S

Reactar shutdowr;

Core uncovered?

Core recovered?

fo10/02/20 j 00:a0

" Yes |2IZI1IZI.-’I32£2EI j |EI1:EIEI
(= Mo normal coolant activity releazed
@ ves  [amovzizo | [ozoo
" Mo

]

Cancel

rli

Help

o [




Release Pathway

-
- 9. Awailable release pathways
E Source Term to Dose - [Mew (

File Options Muclide Data Vi Select the release pathway option to be uzed in the calculations

f* Containment leakage/failure

Follow the steps below to

define and run a problem = Steam generator tube rptune

[ P — ] | (" Containment bypazs

MPP Reactor
PWR Dry Containment — LeakageFailure

[ Event Location ]
Byran - Uit 2

| Source Term |

| Time Core |z Uncovered

) o Condanser
Safety Relief Offgas
Walve Exhzust

‘l‘ [E Releaze Path ] l
Pressurizer
<undefined: o —
Refief Tank Generator
elisf Tan P
’E Meteorology ] |
<undefined:
Reactor r_\'
FiltarE Weszel
I‘\'\-\_:-"
LS
Sprays ‘L
’H Save Case
pa— Low Pressure System
Auxiliary Building Containment

Condensar

Turkine Builiding

]
Cancel

Help

il

Errirt
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Release Pathway Options

v '—_'ﬁ- )
9 PWR - Dry Containment Leakage or Failure \ \ u
' Fathway description: I{nnne} [optional; B0 character max)
L]
Release height oo fm | Minimum 10 m release height
! Releaze timings: Core uncovered: 201040220 01:00 IS O ptl m u m m Od el d efa u |t
I Leak rate to atmozphere * Percent valume / time
deszcribed by:
{~ Containment pressure / hole size
D ate | Time |Evem |Evemsemng | &dd Fow
2010402420 01:00 Leak rate [% wval) {2000 %A N
2010402/20 1:00 Sprays if Bemowve Faow

e
B4 Leak Rate as Percent of Volume Sort Bowes

" Total Failure (100 %/h) g Clear &ll

¥ Percent Volume: 2 j % per I.:I vI Cancel | El
Cancel
= Design (010 %4d) Help | —_

Help
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[ Meteorology

Dratazet Type Lyvallable D atazets

(¢ Actual Observations and Forecasts BYRO 2010-02-07 2030 5 rph B D escriptian:

RSB CAMN-0E-07 2097 R orank F ) )
Create Mew | : b stations uzed: 1 records definec

Edit Exizting & Meteorolagical Field Display " : e

WView Values
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[ elete
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O =00
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Calculate

=,

Source Term to Dose - [Byron 1 hr uncovered N

File Options

Fallow the stepz below to
define and run a problem

Muclide Data Viewer

Site / Facilit]

I (22 Event Type

MPP Reactar

’ (%2 Event Location

Byran - Unit 2

I 73 Source Term

Time Core |s Uncovered

’ (72 Belease Path

FdF Dy

’ (73 Meteorology

Actual Dbzervations

I [E Calculate Doses

’ lH Save Case

Case Summj

Event Type

Location
Mame:
City, county,
Lat / Long / B
Time zone:
FPopulation (2

Reactor Param

Reactor powdy

Average fuel

Containment|”

Containment
Design press
Design leak 1
Coolant mas
Assemblies |
Steam gener.

——

5 Start the Calculations - -

Specify options and description for thiz get of calculations, then
0K to begin calculations.

Digtance of
calculation:

Start of release to
atmozphere:;

End calculations at:

Case description:
[required]

(* Cloze-in + aut to 10 miles [16 km]

(" Cloze-in + aut to 25 miles [40 km]

(" Cloze-in + aut to &0 miles [30 km]

(" Cloze-in anly

Ilzing cloze-in distances in miles:
01,0203 0607101520

f+ Defaults

(" Uszer defined

2010402520 01:00

& Start of release to
atmosphere plus;

" User specifed time:

[fram release patbwway definition]

IE_ j‘ howrs

[zo10mzr20” ~| [Toro0

iuran 1 hr uncovered

]

Cancel

rlp

Help

Case Summary l

Source Term




Source Term to Dose - [Byron 1 hr uncovered MREP.STD] _ ==
File Options Muclide Data Viewer Site / Facility Data Viewer Help
Fn:ulllnw the ztepz below to
define and run a problem ze the Tabz below to review infarmation.
| Event Type |
NEF Feactor Maximum Dose Values (rem) - To 10 mi 4]
Distfrom release
p . miles 3 4 5 7 10
| Event Location | (kilometers) (4.8) (6.4) (8.0) (11.3) (16.1)
Byron - Unit 2
Total ETE 6.9e-01 4 3E-01 2 RE-N4 2.5E-01 1.6E-01
|Th1,-'rl:lid CDE 1.0E+01 FAE+HDD 5 7E+DD 3.8E+00 2 4E+00
| Source Term | innaraton CELE 4 4E-01 31E-01 ZBE-U1 1.6E-01 1.0E-01 E
] Cloudshine 4 1E-0Z2 J3.0E-02 2 8E-02 1.7E-02 11E-02
Time Core |s Uncovered t-dayCroundohing 2 OE D AR D e 1A E D T A0 D, 2500
Inter Phase 1stYr 2.0E+00 2.0E+00 1.6E+00 1.0E+00 6.3E-01
| Release Path | Inter Phase 2nd Yt 1.9E+00 1.3E+00 1.0E+00 6.6E-01 4 1E-01
PR Dy Motes:
* Doses exceeding PAGS are underlined. L8
= * Early-Phase PAGs: TEDE - 1 rem, Thyroid {iodine) CDE - 5 rem
| Meteorology | « Intermediate-Phase PAGs: 15t year- 2 rem, 2nd year - 0.5 rem
Actual Dbzervations « ***indicates values less than 0.1 mrem
-_Trl'l view all values - nse Netailed Results | Mumeric Tahle |
[ ] 3
Value displaved: ¢ Close-in doze Dizplay units: (& English
o
Ealculate T fo Doges to 10 miles i Metrc . :
~ Defirtions Pririt

|l Detailed Results

H Save Caze Caze Summary l Source Term |

M aximum Dose Yalues




m to Dose Model .

ESEIT)

Viewer Site / Facility Data Viewer Help

ze the Tabs below to review infarmation.

9.5E+05 Ci

Activity
Released
6% lower

Source Term to Dose - [Byron 1 hr uncovered MREP.STD]

Source Term
Total activity released to atmosphere:
Nuclide
Ba-13Tm  1.1E+03 La-140
Ba-140 1.5E+03 Mo-99
Ce-144 2 .0E+01 Mp-239
Cs-134 2 2E+03 Pr-144
Cs-135 9.2E-06 Pr-144m
=136 E1E+02 Pu-239
Cs-137 1.4E+03 Rb-67
L.5-Taa T.aE+Ua Rb-68
l-129 3.1E-08 Rh-103m
1-131 1.8E+04 Rh-106
=132 T.6E+US Ru-103
1-133 3.3E+04 Ru-106
1-134 f 6E+03 Sb-127
I-135 2 3E+04 Sb-129

Notice Cs-137*

Case Summary

)

File Options MNuclide Data Viewer

Follow the steps below ta
define and run a problem

Site / Facility Data Viewer Help

Uze the Tabs below ta reviess information,

| @ Event Type

HPP Reactar

Source Term

Total amount released to atmosphere: 8 9E+05 Ci
| Event Location . . . . .
Nuclide Ci Nuclide Ci Nuclide
Byron - Unit = Ba-139 2 BE+02 La-142 3.0E+00 Sr-92
Ba-140 1.3E+03 Mo-99 1. TE+02 Tc-99m
- Ce-141 3.1E+01 Mb-95 1.3E+01 Te-127
|@ Sowce Tem Ce-143  2.6E+01 Nb-97  4.6E-01 Te-127m
Time Core |z Uncovered Ce-144* 2 5E+01 Nd-147 4 9E+00 Te-129
Cm-242 3.2E-01 MNp-239 3.9E+02 Te-129m
|@ — Cs-134 1.9E+03 Pm-147 5. TE-04 Te-131
= C=-13R L EFE+02 Pr-143 1.1E+01 Te-131m
PR Dy Cs-137* 1 3E+03 Pr-144 2 1E+01 Te-132
Cs-138 O 1C+02 Pu-241 2 4E+00 Xe-131m
|I-131 1. TE+04 Rb-86 2 TE+01 Xe-133
| Meteorology BEY. TTE¥0E Rb-88 4.0E+04 Xe-133m
Actual Obseryations I-133 3. 1E+04 Rh-103m 1.3E+02 Xe-135



the T abz below to review infarmation.

e T abs below ta review information.

3 (rem) - Close-In n) - Close-In
| |
0.2 0.2 0.5 0.7 1. 1.5 2. 0.3 0.5 0.7 1. 15
(0.32) (0.48) (0.8) (1.13)  (1.61) (241) (3.22) (0.48) (0.8) (1.13) (1.61) (2.4
25E+01 2AE+01 1.2E+01 9.2E+00 7.0E+00 [5.0E+00 23.9E+00 3 01 14E+01 G6.3E+00 41E+00 2.6E+00 1.7E
6.6E+02 J8E+02 Z22E+02 1.7E+02 1.3E+02 '91E+01 7.1E+01 12 20E+02 91E+01 59E+01) 2.7E+01 241
22E+01 1.3E+01 74E+00 55E+00 a4ZE+00 3.0E+00 2.3E+00 11 8.6E+00 39E+00 Z6E+00 7T1.bE+U0 1.0
2 9E+00 1.8E+00 1.1E+00 88E-01 7.0E-01 51E-01 4.0E-01 1 40E-01 25E-01 18E-01 12E-01 B2t
28E+01 1.6E+01 95E+00 VAE+00 54E+00 3.9E+00 3.0E+00 00 4 6E+00 21E+00 13E+00 B5E-01 5.4F
0.yC-01 6.3C-01 4.5C-01 23.6C-01 2AC-01 2.40C-01 1.9C-01 02 6.3E+01 2.9E+01 1.9E+01 1.2E+01 7.GE
14E+00 8.0E-01 47E-01 35E-01 26E-01 1.8E-01 1.4E-01 01 4.0E+01 1.8E+01 1.2E+01 7.6E+00 4.9f
6.6E+00 3.9E+00 22E+00 1.7E+00 1.3E+00 91E-01 7.0E-01
_ .
inderlined. il roid (iodine) CDE - 5 rem
rem_Thyraid (indine) CNFE - A ream bar - 2 rem, 2nd year- 0.5 rem
1 b . .
L
Display units: & English itz | Mumeric Takble
ez { Metrnc ;
D efinitions Print ) _
| Display units: &+ English
" Metnc
Definitions
l Source Termn Summany J\ M aximum Dosze Yalues
= — — T Source Term | 23 Maxzin

e -
[




(59 Detailed Results of Dose Calculations '-_-;' -
Result Type
" Inhalation CEDE { " External Gamma Doze Rate (" Acute Bone Doze Total
“ TEDE! (" Cloudshine Doze [cloudshine + groundshine] {7 Acute Bone from Inkhalation Only
" 4-Day Groundshine D'oze " Acute Lung Doze
" Acute Colon Doze
{ " Groundszhine Doze Over Defined Time Period
{ " Thyraid CDE (" Ground Concentration - Total

" 13zt year Intermediate Phaze TEDE
" 2nd year Intermediate Phase TEDE
" B0 year Intermediate Phaze TEDE

Time Penod for Exposure

{f» Start of releaze to end of calculation

~

From:
|2EI1 002420 0700

L]

T

| 2010/02/20 0500 -]
~

| 2010/02/20 09:00 |

" Ground Concentration af: | Am-241

" 1131 Air Concentration

Dizplay Format Dizplay Units
Frarm 10-mile calculation {* Englizh
" Footprint ~ S

" Numenc table

~

Dizplay Result

Define Receptors

From cloge-in calculation
{» Footprint

" Numernc table

Help

=R
Eu| |

ﬁ




@ USNRC 3.0.5 (Ieft) vs 4.0 TEDE

United States Nuclzar Regulatory Commission

e ey i rem vs rem at 2 mi
rem vs 0.38 at 5 mi

" h

-

5. Close-In Footprint

59 Close-In Footprint

Total Effective Dose Equivalent
Cumulative from 02/20/2010 01:00 to 02/20/2010 09:00
Byron 1 hr uncovered nrep

Total Effective Dose Equivalent
Accumulated between 2010/02/20 01:00 and 2010/02/20 09:00
Byron 1 hr uncovered

Byron - Unit 2

Byron - Unit 2

Legend
B 0.001to1re
Below EPA R

|:| 1to 5 rem
EPA Early PH

. >hBrem
Exceeds EP4
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* USNRC 3.0.5 (left) vs 4.0 T hyroid
rem vs rem at 5 mi
remvs 2.4 rem at 10 mi

United States Nuclzar Regulatory Commission

Protecting People and the Environment

5. 10-mile Footprint

5. 10-mile Footprint

Thyroid Dose Commitment
Cumulative from 02/20/2010 01:00 to 02/20/2010 09:00
Byron 1 hr uncovered nrep

Byron - Unit 2

Legend
E 0.005t05 1
Below EPA

|:| 5 to 25 ren|
EPA Early F

. > 25 rem
Exceeds E

Thyroid Dose Commitment
Accumulated between 2010002/20 01:00 and 2010802720 09:00
Byron 1 hr uncovered
Byron - Unit 2
l". 10-mi IIJ
! /
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i . -
TG
SN A e
T LN o
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@ USNRC 3.0.5 (Ieft) vs 4.0 TEDE
e e rem vs rem at 2 mi
rem vs 0.65 at 5 mi

B4 Clase-In Footprint [

B Close-In Footprint

Total Effective Dose Equivalent Total Effective Dose Equivalent

Cumulative from 02/20/2010 01:00 to 02/20/2010 09:00 Accumulated between 2010/02/20 01:00 and 2010/02/20 09:00

Byron 1 hr uncovered nrep Byron 1 hr uncovered

Byron - Unit 2 Byron - Unit 2

Legend
E 0.001to1rem
Below EPA PA

|:| 1to 5 rem
EPA Early Phas

. >hBrem
Exceeds EPA H
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United States Nuclzar Regulatory Commission

Protecting People and the Environment

3.0.5 (left) vs 4.0 T hyroid

36 rem vs
remvs 3.2 at 10 mi

at 5 mi

10-mile Footprint

Thyroid Dose Commitment
Cumulative from 02/20/2010 01:00 to 022002010 09:00
Byron 1 hr uncovered nrep

Byron - Unit 2

Legend
E 0.005 tog

Below B

[] 5to251
EPA Ear

. > 25 rer
Exceed

Ej, 10-mile Footprint -
Thyroid Dose Commitment
Accumulated between 2010002720 01:00 and 2010/02/20 09:00
Byron 1 hr uncovered
Byron - Unit 2
s W
l". 10-mi IIJ Leg
h / 1 m
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3 USNRC 3:0.5(left) vs 40 TEDE

PR e remvs 0.44 rem at 2 mi
0.88 remvs 0.23 at S mi

B Close-In Footprint . ' B4 Close-In Footprint s __‘__-—
Total Effective Dose Equivalent Total Effective Dose Equivalent
Cumulative from 022002010 04:00 to 022002040 09:00 Accumulated between 2010/02/20 01:00 and 2010002/ 20 09:00
Byron 1 hr uncovered nrep 2 mph B Stablllty Byron 1 hr_lmmred
Byron - Unit 2 ) Byron - Unit 2
P . _ ) :
. i : | Legend &
B 0.001to 1 rem
| L Below EPA PA(
_.ﬁl"
|:| 1to 5 rem
EPA Early Pha l
. >hrem .
| Exceeds EPA H

& Clminn mun Aimmlane B3 Dadiin miealan 5 Me mmmbmen | i ¥ [P By P




P USNRC 2:0.9 (left) vs 4.0 Thyroid
s o remvs 3.9 at S mi
remvs 1.2 at 10 mi

(59 10-mile Footprint B9 10-mile Footprint

Thyroid Dose Commitment Thyroid Dose Commitment
Cumulative from 02/2002010 04:00 to 02/2002010 09:00 Accumulated between 2010002/20 01:00 and 2010/02/20 09:00
Byron 1 hr uncovered nrep Byron 1 hr uncovered
Byron - Unit 2 Byron - Unit 2
. 10-mi
Legend II'- e .'}
E 0.005t05 \ /
Below EPA n, | i { b
R B
[] 5to25ren \\ I". ; J'f ,/
EPA Early R | | | \\ Laleebe VO ] C
S YRS T
B >25rem P \'\ ‘Il -'II r/) gt w i
Exceeds E e \\\:‘\Hff - = '|
T b [ 1 f_F 1 .—r'lil-'" ]lI
B
RSy, 890009
ke e s RasEa ’
. =
e N o
— = /f .-L-_ —*F--. -llll G
e = / K |'II--J 1 H \\
= f | '
f |
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@ USNRC 3.0.5 (Ieft) vs 4.0 TEDE

United States Nuclzar Regulatory Commission

e ey i remvs 0.33 rem at 2 mi
0.64remyvs 0.11 at 5 mi

9. Close-In Footprint B9 Close-In Footprint

. . Total Effective Dose Equivalent
Total Effective Dose Equivalent q
. Accumulated between 201000220 01:00 and 2010/02/20 09:00
Cumulative from 02/20/2010 01:00 to 02/20/2010 09:00
Byron 1 hr uncovered
Byron 1 hr uncovered nrep ]
. Byron - Unit 2
Byron - Unit 2

Legend
[ 0.001to1rem
Below EPA PA

[] 1to5rem
EPA Early Phas

B >5rem
Exceeds EPA H




2 USNRC 2:0.9 (left) vs 4.0 Thyroid
remvs 1.6 at 5 mi

4.0 remvs 0.83 at 10 mi

United States Nuclzar Regulatory Commission

Protecting People and the Environment

5. 10-mile Footprint

5. 10-mile Footprint

Thyroid Dose Commitment
Cumulative from 02/20/2010 01:00 to 02/20/2010 09:00
Byron 1 hr uncovered nrep

Byron - Unit 2

Legend
E 0.005to §
Below EP

[] 5to25re
EPA Early

. > 25 rem
Exceeds

Thyroid Dose Commitment
Accumulated between 2010002/20 01:00 and 2010802720 09:00
Byron 1 hr uncovered
Byron - Unit 2
| 10-mi ] e
MIaP
S AN r_
bR Ui T/ F Bt ’
™ Qe (5mi Y
== " i
AT ok il
=S NG e . e
—_— 4 -\.\_\ _//F_F ,_,'|il—r-7—' _~
1 e
O o g ~.  CEEeCI
a ST ] L
IS NN (A
LR TN, L i | G i
R LT
Pt/ T T
f \ |
[ 10mi |
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© e S e S =S
[ 10-mile Footprint P — e

Surface Concentration
veposined petween Luiviz0 01:00 and 2010002020 09:00 . DE.“? at
individual
Byron 1 hr uncovered model receptors
Byron - Unit 2
Fozition cursar
Legend aver cell ko display
] 0.4 to1pCiim®
O 1to 10 pCilm® at
10to 100 pCifm | . .
0 ° pLim from releasze point
[] 100 to 1000 pCirm?
Click cell to display
] 1to10 mCilm? huclide i
B > 10 mCiim?
Impact Area |
Export |
. Print |
il
[ tomi | ol
M N RASCAL v4.0
Help |
Show on digplay: v Radiuz circles v 2247 sectors [v bap background
. — ———




7 . . mgm
L USNRC  Radionuclide Deposition

Protecting onple and the Environment

G =5
[ Surface Concentration - Radionuclide Mix | = | =] |i:-?-]
Muclde pCifme Deposited between 2010402420 01:00 and 2010402420 09:00
[-133 4 B7E+01 _ _ _ _
Bk 2 1E +01 Bearing / Diztance: 90 deq £ 3.0 mi [from releaze point)
135 2. 36E +U1 Latitude / Longitude: 42.076146° 7 -89.223617°
Te132 4 BAE +00
Cz134 243E+00
Ba-140 2 4BE+00
Cz-137 2 37E+00 Mates on values dizplayed:
Sr-31 1.59E+00 Achivity on the ground s nat decayed beyand the end of calculations
Ce-136 1.37E+00 Yalues less than 1.0% of the largest concentration are not shawn
Sr-89 1.26E+00
Mp-233 6.73E-0
Te-13m 5E1E-01 select option for dizplay of nuclide list:

o il nuchdes - sorted by activitg

(" Top 10 nuclides by activity

Ok
(" Top 10 sorted by contribution to gamma dose rate Help
" Top 10 zorted by contribution to beta doze rate Bt

Prir
{ " Muclides impartant far ingestion of food Export




i B e e —
By 10-mile Footprint R — - [

Surface Concentration of 1-131

Uepusied vetweel 20mvaao onovand 2010002720 09000 - D?t? at
individual
Byron 1 hr uncovered model receplors

Byron - Unit 2

FPozition cursor

Legend over cell to display

0.1 to 1 pCirm*

1 to 10 pCilm? At

10 to 100 pCilm* :
from releaze point

- = = = =

100 to 1000 pCifm?

Click, cell ta plat
1 to 10 mCifm# doge rate vz time

=40 mCifm?*

Impact Area

Export

Print

iy

[
RASCAL w4 .0
- Help
]
e o g
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55 Dosze vs Time Plot - 10 mile Calculations

R - "

Case description:  Byron 1 hr uncovered
Start of releasze: 20010002420 01:00
Receptor location:. 90 deq. 3.0 mi (from release point)
Deposition Rate (pCi/m?/s) of -131 Surface Concentration (uCi/m?) of 1-131
1.0E-02 1.0E+02
e ——
A /,-’-"(

l( \ 1.0E+01 .

r

AN "

F
1.0E-034— — f

[ | e ==
! —= ]
—m— 1.0E+00+—4
i
1.0E-04 | I . ' I 1.0E-01 | I . ' I
] 1 2 3 4 5 T 8 ] 1 2 3 4 5 ] 8
Time Since Release to Atmosphere Started [hours) Time Since Release to Atmosphere Started [hours)
Print Help |
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( 53 Effluent Releases - by Mixtures . I. = | (=] |£hlqI

Monitored

MiXtu res C Yes [emovozzo | [oooo

Source Term to Dose - [Byron 1 hr uncovered MREP.S

201 0402/20 j | 0700

Reactar shutdown:

File Options MNuclide Data Viewer  Site / Facility Dat

Follow the steps below to 5-3I'|'||:I|E.' taker:

define and run a problem

I Event Type

MPP Reactor

I () Event Location

5. Source Term Opt

Source term base

Releaze rate units:

Feleaze rates:

Cifs

2|

, i . Moble gazes
Byran - Unit 2 " Time Core |z Unc
" Specified Core D lodines
(J Source Term ]
Effluent Heleazes - oy ¢~ Containment R ad ™ Total e
Mistures 1.00E +000 .
{| ¢ Coolant Sample o 1171 equiv [ Cifs] Cancel

I [ Beleasze Path :

2 " Air Sample PR TT—
<undefined: . - .

Farticulates 1.00E-01 [ Cifg) Help

’ @ Meteorology

Actual Observations

" Effluent Releaze Rates - by Muclde
" Effluent Releaze Concentrations - by Huclide Cancel
{+ Effluent Feleazes - by Mistures Help
'l Fririk
I H Save Case Case Summary l Source Term l b aximurm Dose Values

Source term base

%
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Release Pathway — Monitored, Filtered

r—— 5. Direct to Atmosphere

]

1*m

Filg

[= "y |

al Zlal

Relzaze height;

Release timings:

10.0 m -]

Effluent misture zample
taken:

Start of release ta
atmosohere:

End af releaze to
atmosphere:

20402420 01:00

|2010/02/20 j 01.00

(" Endtime

|2EI'I 0402420 ﬂ 0200

{* Releaze duration

j‘da_l,ls ||:|41|:"] b

OF.

Cancel

Effl

bl imtuares

[ Beleasze Path

<undefined:

’ @ Meteorology

Actual Observations

I IH Save Case

Reactor Parameters

Reactor power:
Awverage fuel burn-up:
Containment type:
Containment volume:
Design pressure:
Design leak rate:
Coolant mass:
Assemblies in core:

Steam generator type:

Case Summary

3586 MWt

30000 MWD / MTU
PWR Dry Ambient
2 90E+06 ft*

61 Ibfin®

0.10 %/d

2 F1E+05 kg

193

U-Tube

-

Print

Source Term

b aximurm Dose Values
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2 mph, E Stablllty, Results

E Source Term to Dose - [Byron Mon Mix NREP R4.5TD]

(= [ B e

File Options Muclide Data Viewer Site / Facility Data Viewer Help

Follow the steps below to

define and run a problem Ilse the Tabs below to review information.

| @ Event Type

HPP Reactor

p . miles 3 4 5 7 10
| Egentlocation (kilometers) (4.8) (6.4) (5.0) (11.3) (16.1)
Byror - Unit 2
Total EDE 1.7E+00 1. 1E+00 7.5E-01 SRR 2 1E-01
Thyroid CDE 1.8E+01 1.3E+01 9. 3E+00 5.6E+00 J3.2E+00
| Source Term Inhalation CEDE 6.5E-01 4 4E-01 3.1E-01 1.8E-01 1.0E-01 e
Cloudshine 9 3E-01 6.2E-01 4. 2E-01 2.2E-01 1.0E-01
Effluent Rel -b
Mitoas 4-day Groundshine 70E-02  40E-02  25E-02  12E02  58E-03
Inter Phase 1stYTr 1.1E-01 7 AE-02 5.3E-02 31B-02 1.7E-02
| @ Release Path Inter Phase 2nd Yr 25E-03  1BE-02  1.1E-03
Direct to atmozphere Motes:
* Doses exceeding PAGS are underlined. | &
» Early-Phase PAGs: TEDE - 1 rem, Thyraid {iodine) CDE - 5 rem
| (J Meteorology « Intermediate-Phase PAGs: 1styear- 2 rem, 2nd year - 0.5 rem
Arctual Dhzereations « *** indicates values less than 0.1 mrem r
» Toview all values - nse Netailed Results | Mumeric Tahle
4 L F
Yalue displayed: ¢ Cloge-in dose Digplay units: & English
-
(9 Calculate Doses (« Doges to 10 miles " Metric — -
~ Definitionz Frint
|# Detailed Results
H Save Lase Case Summary J\ Source Term l Maximum Dosze Yalues

Maximum Dose Values (rem) - To 10 mi

Distfrom release




llﬂ Lvent | ype J
MEF Beactar Source Term
Total activity released to atmosphere: 1.5E+07 Ci
‘@ Event Location ‘ v P
Byran - Uit 2
Nuclide Ci Nuclide Ci Muclide Ci
Cs-137 7 2E+02 I-135 2 4E+04 ¥e-131m 2. 7E+04
‘@ PSR — ‘ 1131 1.4E+04 Kr-85 1.6E+04 ¥e-133 4 TE+06
: [-132 1.9+04 Kr-85m 6.6E+05 ¥e-133m  1.7E+05
maﬂ}g:dﬁe'em' 1133 2 8E+04 Kr-87 1.3E+06 Xe-135 9 1E+05
I-134 3. 1E+04 Kr-88 1 9E+06 ¥e-138 4 TE+06
& ReleagePath |

Source Term to Dose - [Byron Mon Mix NREP.STD] i

Direct ta atmo

File Options Muclide Data Viewer 5ite / Facility Data Viewer Help

@ Fallow the steps below ko

Actual Dbser define and run a prablem Use the Tabs below to review information,

| Event Type |

i Calcula

MPP Reactar Source Term
@g—em Total amount released to atmosphere:| 3. 7E+06 Ci
11 <..]| |3 Event Locati
H s O YO Zoesnon | Muclide _ Ci Muclide _ Ci Muclide _ Ci
Byron - nit 2 Cs-134  2.8E+00 134 1.2E+02 Rb-83 8.5E+05
Cs-136 8.8E-01 -135 2 TE+02 Xe-131m  3.2E+04
|@ —— | Cs-137*  1.9E+00 Kr-83m 1.4E+05 Xe-133 4 TE+06
= Cs-138 3.0E+05 Kr-85 2 AE+04 Xe-133m  1.4E+05
Effluent Releases - by -131 1.4E+04 Kr-85m  41E+05 Xe-135 1.1E+06
Mixtures 132 THEF0Z Kr-87 4 BE+05 Xe-135m  1.3E+05

| Release Path | I-133 3.2E+02 Kr-88 9 TE+05 Xe-138 4 5E+05

Direct to atmozphere



k5] RASCAL v4 - Beta Release

=RREN X

Radiological Assessment System for

FM to Dose

Consequence Analysis

deposi

nCifm= > |
(™ Air concentrations in units of

[ uCifm* |

59 Event Description l =anc |&]
Event name: |Byru:un 1 br uncovered Smph B stab
Ly Source Term to Dose [required]
"" Field Measurement to Dose Infarmation below iz optional. Check a box to include the item in the casze file.
“T| v Relzase started: 2M0/02/20 ﬂ | 0100

5 Sample Data l':' = L-&] | 1[4 |

S ample 1D Soil Sample 1 Information below iz optional. Check a box to include the item in the case file. ﬂ
[required] Help

Sample type: {* Ground concentrations in units of [ Sample location

Latituade:

0 degrees
0 degrees

Longitude:

[v Sample location fram release point

270 deqrees

Bearing:

Distance: |3 | milers j

|.-i‘-.|:tivities from slide 21 - Byron Deposition]

Bctivity at time of [ ] "
tion Muclide Gind Conc [pCimE]
I EEE 4 G7E+01
I EE 3.07E+01
B BES 2.35E+01
| E:Eﬁ ;E;E:gg v Sample description
]Ba14D 2. 46E+00
| 1|Cs137 2.37E+00
IR 1.55E+00
I ESEE 1.37E+00
1589 1.2BE+00
| [Mp-239 £.73E-01
|Te131m  [GEIEDT
| =

41



Help

Jzethe”

[

E Field Measurements to Dose O | E |-
L -
File Muclide Data Viewer Help
’@ Event Dezcription ] Res u It
Sample Data i
’@ Sample Data ] Sample 1D: Soil Sample 1
Sampla |ncatinn Source Term to Dose - [Byron 1 hr uncovered MREP.STD]
’ T ] Bearing / Distance 270.0" / 3.0 mileg - from release| — _ - _ _ — _
(@ Calculation Options SIS Geee ACTUES O Side 21 - Byron D File Options MNuclide Data Viewer Site / Facility Data Viewer
| Sample type: Ground concentrations
Fl:uII_-:uw the steps below to
Muclide Ground Conc (pCiim?) defing and i a problem
I-133 4 6TE+01
-131 3.01E+01 [
| | Compute Doses 135 2 36E+01 @ Event Ty Maximum Dose Values (rem!
Te-132 4.64E+00 NP Reactor :
[ S5 S Distfrom release
i Field Measurements to Dose miles 3
M _— I@ Event Location .
File Muclide Data Viewer Help _ (kilometers) (4.8)
Byron - Unit 2
Taotal EDE 1.7E-01
| @ Event Desciiption | : Thyroid CDE 2 4E+00
| Intermediate Phase Doses ( rem) [@ Source Term Inhalation CEDE 1.0E-01
. Cloudshine 1.6E-02
Time Core |s Uncovered .
’ Sample Data l Exposure 1st Year  2nd Year | 50 Years 4-day Groysdshing EaL.00
Groundshine f43E-01  453E-01  5.96E+00 Inter Phas i 1stYr 7.56-01
| ’ ] Inhalation 115E-04 267E-06 1.37E-04 [ Release Path Inter Phas » 2nd ¥r 4.8E-01
Calculation Options FudE Dr
= L Motes:
Total TA44E-01 4. 53E-01] 5.96E+00
I I - * Doses exceeding PAGs are underlined
Notes » Early-Phase PAGs: TEDE - 1 rem, Thyn

Compute Doses

= 1st year PAG = 2 rem, 2nd year objective = 0.5 rem, &
= Total doses exceeding PAGs are underlined
= Doses less than 1E-6 rem [1E-8 Sv) set to zero.

F o

’ Meteorology

Actual Observations

Calculate Doges

4

« Intermediate-Phase PAGs: 1styear- 2
« *** indicates values less than 0.1 mren
« Towiew all values - nse Netailed Rasul

1L}

Yalue digplayed:  Cloge-in doze

{# [oszes to 10 miles

~
|#] Detailed Results
I kd Save Case Casze Summary l




TF values about 80% RASCAL values
L W

File Tools Help

Turbo FRMAC

= =

Mavigation

ﬁ Mew * ’J__j Openw

EIT e T T Ty e e

(] Predictive Analyses
Li}--'-i__j Samples —
‘ |1_'] Air Concentration
El- '_j Deposition

------ % |50l sample - 3 mi east of release
. ll_'-l Exposure Rate
[ J Food
[+ .f,j Event-Level Itemsz

[

(4] | T L]

L]

[«]]

.\<:< \

(2 Paperless FRMAC

.\>:> )

“ Tools

; Analyst Manager
T Radicnuclide Midure Manager

&X Radicnuclide Viewer

()

' Quick Event View !

ICRP Guidance:
PAG Authority:

ICRP 30

Federal Government

Lung Clearance Class:  Maximum
Weathering Correction: Likhtarev's Method
Tirme Yarying,

Resuspension TYPe: kP 120 Method

Respiratory Protection: Mot Administered

Potassium lodide (KI): Mot Administered

Radionuclide (nCi/m?)
Ba-140 2.46
La-140 46 Cent Level Reference Sample.., @ Duplicate... | x Close | x Delete... | ?..u Export v
Radienuclide | Activity Concentration |
l g 246
CS'134 3.43 _____ & ]'MC; 343
Cs-136 1.37 R 0 137
12 parent radionuclides exist in the mixture,
Cs-137 2.37 _ -
poi w7
Ba-137m 2.24
I-131 30.1
Total Effective Dose Equivalent (TEDE)
I-133 46.7 Calculate Total Effective Dose Equivalent (TEDE)... | B More Mixture Properties...
I-135 23.6
Xe-135m 363 Calculation Method B
Calculate from Deposition Levels
Np-239 0.673
Filter Opticns
Sr-89 1.26 e (A |
ge Group: ult -
Not
Sr-91 1.59 o _
COrgan: |Who|e Body "| Age Group and Commitment Pe
Y-91m 0919 not apply to External Dose values
Commitment Period: |50 Year "|
Te-131m 0.581
| Early Phase | First Year | Second Year | Fifty Year |
Te-131 0.129 '.C..D..TTIEt?d Effective Dose Equivalent 3.34E-2 0118 271E-3 0141
Te-132 464 External Dose 324 f.77F? 3.45F? 311F3
c- : Total Effective Dose Equivalent (TEDE) 325 6.23E2 345E2 311E3
[-132 464 43

| I




L USNRC Relocation DRLs (mR/h)

United States Nuclzar Regulatory Commission

Protecting People and the Environment

Field Measurements to Dose - .l — | [=] Iﬁ‘
File  Muclide Data Viewer Help
&3 Event Description - -
Intermediate Phas¢ Derived Response Levels (DRLs) .
Sample Data Reentry Gamma dose rate (mR/h) Cs-137* surface concentration
Time at reentry equal to EPA PAG (pCifm*) equal to EPA PAG
Daue et Yoar  2nd Year 50 Year 1st Year  2nd Year 50 Year
() Calculation Dptions 0 J.84E+00 ] 8.85E-02 1.14E+00 6.73E+00 216E+00 2.00E+00
1 1.70E+00 8.85E-02 4 99E-01 6.84E+00
2 1.23E+00 8.85E-02  3.56E-01 6.92E+00
4 9.20E-01 &§.84E-02 264E-01 7.00E+00 L
7 7.BbE-01 &§.84E-02 217E-01 7.08E+00 I
10 6.80E-01 &.84E-02 1.91E-01 7.16E+00
|@ Compute Doses | 14 599E-01 883E-02 166E-01 7 24E+00
30 4 41E-01 881E-02  1.19E-01 7T 43E+00
B0 FIIENL §78E-02  9.91E-02 7.59E+00
‘ 90 J.68E-01" &.75E-02 9.45E-02 7. TOE+00
|
Notes
= Dose rates are measured at time of reentry
= NC = not calculated; value is a ratio where the denominator is going to zero.
{* DAL Table
i~ Early Phaze Doges " Deposzition Exposure Rate DRLz Prirt
i " Intermediate Phagse Doges " Marker Nuclide Concentration DR Ls i — 1




2 USNRC

Protecting People and the Environmer

Other Improvements
to Source Term and
Release Path methods

« BWR release pathways
« PWR Steam Generator Tube Ruptures
» Spent Fuel Pool drained

45



LUSNRC

United States Nuclzar Regulatory Commission

Protecting People and the Environment

m| Available release pathways

Pathwway from diy well to reactor building [secondary containment)

{+ Through the suppression pook

™ Through the dy well wall

" Bypazs reactar building

BVR bk 2 — et Wizl SBGTS

Reactor Building
{Secondary Containmerjt

Frimary
Containment

Min Steam Line

Low Pressure System

et
el

Suppression Suppression
Paal Pool

Turbine Building

BWR release options

Pathuwway to atmozphere

{* %ia Standby Gas Treatment System [SBGTS) ‘1_

Dhirect from reactor building or other rapid,
unfiltered release

Direct - unfiltered
and released at
user entered height

(] 4
Cancel

Help

Frint

i

X

SBGTS - filtered
and released at
stack height
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RLUSNRC

United States Nuclzar Regulatory Commission

Protecting People and the Environment

w Steam Generator Tube Rupture

SGTR Changes

Fathwway description: I

[optional; B0 character max)

Release height; I1 oo I m

Relzaze timings: Core uncovered:

d [Stack height: 185 )]

2010402422 00:00

Leak. rate to atmosphers Lea k con t ro I Ied

Simpler location

dezcribed by
b\y 2 flows description
Drate | Time \ Event ¥ Event zetting /‘[ Add Row |
20100222 o000 Leak rate into SG B00 gal/min
2010402422 ac:00 upture location Shove water level Remove Row |
2010/02422 ao:00 Steaming rate 7.5E+04 [b/h
2010/02422 Q0:00 Releaze point S afety relief valve

Sart Fows |
Clear Al |

K.

Cancel

i

Help
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Q}USNRC Spent Fuel Pool Uncovered

Pmrecrmg 1’@0}9!& zmd té»e Environment

w. Pool Storage - Uncovered Fuel

D ate reactor was shutdown faor
newest batch af fuel: |EEI1 002422 j

Tatal number of spent fuel |1 n -
batches in the poal =1 [3batches/come]

Fuel uncovered and not cooled: |EEI1 0702722 j | 000

aE.

Fuel iz recovered or cooled by (v Mo Cancel
sprays or steam cooling’?

(" “esg, at Help
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LUSNRC Changes in SF Pool

Protectin gP pl dmitb En vironment

New version requires only age of newest
batch, total batch count, and times for
cooling lost and regained

Assumes a 18 month refuel interval and
cladding fire if not cooled for 2 hours

Release over 24 hours unless recooled
Impact — generally smaller source terms

49



RLUSNRC

United States Nuclzar Regulatory Commission

Protecting People and the Environment

Display Plume in:

RASCAL ArcMap Google Earth

50



%’US NRC On the Horizon...

DProte gi’pl nd}.’?E Pironmer

Automated weather entry

Work with DOE — TurboFRMAC consistency
Work with DTRA — HPAC consistency
Detailed verification and validation

State of the Art Reactor Consequence
Analysis (SOARCA) source terms

Create New Reactor models for RASCAL

Continued progress on future model
Improvements

51



%’US NRC SOARCA Station Blackout

DProte gi’pl nd}.’?E Pironmer

Based on MELCOR run at Sandia

PWR Scenario — earthquake — no AC power
18t cladding release - 16 h

Containment design leakage increase — 28 h
BWR Scenario

15t fuel cladding release — 10 h

iodine release exceeds 1% inventory — 20 h

Scenario ready to incorporate into RASCAL
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RLUSNRC

nited Sta ar Regulatory Con

Pmrecz‘mg People and the Environment

Intentionally Blank
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Dose Assessment RASCAL
Interface

Nuclear Energy Institute Conference
June 15, 2010

Lou Brandon, Nuclear Regulatory Commission
Part 2 — Nicholas Avrakoto, Entergy Energy
Paul Holland, Exelon Energy



Our Goal

To combine the best features of RASCAL
with a site specific front end to create a
user friendly interface for the occasional
end user.



RASCAL

* Provides many methods for performing
dose assessments.

* Has new plume dispersion and deposition
models

* |s often times the compared “standard”
for licensees.

e |s free to the licensee



RASCAL

* Does not have a direct method allowing
the use of licensee’s effluent monitors

* |s generically written for all sites in the US

 Can be difficult for the occasional user to
run with consistency

« Usually requires more extensive
procedures and longer training times



Licensee Dose Assessment Programs

* Typically simplified for the licensee’s
needs

» Users “recognize” terminology, site
specific components, release pathways,
etc...

* Allow for the use of effluent monitors
direct readings.



Licensee Dose Assessment Program

» Typically requires a third party contractor
to maintain

* Will probably require extensive upgrades
due to the changes with the new
modeling used by RASCAL

* Expensive up keep costs.



Our Goal

Write a site specific front end the user will be
comfortable with and calculate an isotopic
release rate

Use RASCAL's “Effluent Release Rates - by
Nuclide” methodology to process the
assessment.

Use RASCAL's meteorological, plume and
puff modeling programs to calculate the
doses

Read RASCAL'’s results files to present the
doses in a site specific format.



Results

» Created a very adaptable front and back
end to RASCAL which will be utilized at
Entergy and Exelon sites

* Integrated the RASCAL processors
including the new dispersion and
deposition models

* Licensee assessments are very close to
RASCAL since the dispersion and
deposition models are identical



Long term

* The Licensee maintains control of the
Interface

* Reduced training costs

* Typically the interface will not need
significant upgrades or changes

* |f the NRC changes the RASCAL
processor programs the licensee won't
need to change the interface



Contact Information

George Athey (304) 725-8834
George.Athey@atheyconsulting.com
Paul Holland (610) 380-3821
paul.holland@exeloncorp.com
Lou Brandon (301) 415-8013
lou.brandon@nrc.gov
Nicholas Avrakoto (315) 592-0650

Navrako@entergy.com

RASCAL webpage for files and updates:
atheyconsulting.com/RASCAL files.html
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