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USNRC INCIDENT RESPONSE PROGRAM

e Established after TMI
e Mission Areas

— Oversight of licensee —*
actions and —
recommendations

— Support State/Local
government with
technical information

— Support larger
Federal response
efforts




RESPONSE TECHNICAL TOOLS

* Used by NRC Incident Response Program’s Reactor Safety Team:
— Predict future conditions
— Assess event classification
— Assess licensee plans/priorities
— Assess licensee capabilities
— Advise and support
 Computerized version of Response Technical Manual 96
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RESPONSE TECHNICAL TOOLS
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q Eh D.C. Cook 2 Feb 114:07:22 )

m Davis-Besse
m Diablo Canyon 1
m Diablo Canyon 2
m Dresden 2

SJ[ Besdien3 nt you wish to assess.

m Duane Arnold

o Farley 1 N Choose Incident Type
m Farley 2

m Fermi 2

m Fort Calhoun

m Ginna

BIWR Grand Gulf
I Heten 1 Region IV BWWR, 3898 MWth, running at 100%.
Ei&ﬂ o Mark-IIl Containment, 2765 ft°.
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Local Time: Tue Feb 18 14:53:16 )

| Home | Tools

I 1 /A Step 1->Water Infection: Sufficient water is not being injected to remove decay heat.

Subcritical State

Water Injection

a Water Injection

“ore Coverage

Q Core Uncavered

@ Gap Releases

Q Any Fuel Melt

@ Hydrogen Deflagration

i Cies @ == © © 0 6 ® O °
ﬁ Q Feb 18, 2014 | r_,.'
Plant ~ Region I BWR, 2957 MWth, running at 100.0%. | Set ~ 10:20 EDT Core Uncovery  Estimate Timing of ~ Assess Core  Deflagration  Show All Switch
Settings  park-I Containment. 1.582E5 f. Time Elapsed: 4:33:16 Determination Core Damage Damage State Steps | Incidents ¥
Plant Shutdown Time Damage Assessment Window

Water Injection Rec dation
| |
: X 450 ‘ hr ~|
Time Since Shutdown: ‘ [ J
[0.0, 877E3]
T e 1
| . |
i |gal ~ -
Known Leak Rate: ‘1509 ‘ !lga Mmln |
[0.0, 1.00E6)
[
Minimun Required Water Injection®: ‘Z.BSEZ “gal vl/\tmin vi
i |
[ i
o 275.0 ‘; al v /min ¥
Actual Water Injection: ‘ ig 1"“\ |
[0.0, 1.00E6]
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*Recommendation is based on this 3026 MWth plant, recently running at 100.0%.
If the core has been uncovered for 15-30 minutes or longer,
increase the Minimum Required Water by a factor of 2 to 3.

& Sufficient water is not being injected to remove decay heat.

4 i




E‘?‘New Reactor Ing

NB G H Local Time: Mon Feb 3 19:39:46 )

| Home | Tools

g Cavert Ciffs2 @a=.| 0 © ]| © | O e O °
Feb 03, 2014 L
Plant  RegionIPWR, 2700 MWth, running at 100.0%. | Set  17:30 EDT Assess Critical ~ Core Uncovery | Estimate Timing of|  Assess Core  Deflagration  Show All Switch
Settings Dry Ambient Containment, 2E6 i Time Elapsed: 2:09:46 Safety Systems ~ Determination Core Damag Damage State Steps || Incidents ¥
Plant || Shutdown Time || Damage Assessment || Window |
/A Step 2->User-Defined Core Uncovery: Core Uncovery has occurred, as determined by user-defined core uncovery time.
A Step 3->Core Damage Projections: The Estimated Core Temperature indicates that Local Fuel Relocation has occurred.
w Re
A Core Damage Projections
T — Core Uncovery Time (from Step 2): _User—Deﬁned Input o
Core Damage Projections i 3 T
1.08E2 min ¥
Time Since Core Uncovered: 217 ‘ Imin W
200 Fovs v
Rate of Core Temperature Change™: { .-/-._ |
[0.0, 4.20E3]
Estimated Core Temperature: 3.20E3 ‘ EEaT|
*The default Rate of Core Temperature Change is 2 °F/sec, based on the RTM recommendation of
1-2 °F/sec. This value should be used unless a different rate of temperature change is known.
= Core Damage Projections
.| Core Boilin =' '-
) 9 Time Until Gap Releases from Fuel: ‘O.D hr ~= Underway
Q Core Uncovered : : :
g Gap Releases Time Until Local Fuel Relocation: ‘D.O 'Ihr 'I Underway
g Any Fuel Melt Time Until Melt-Through of Vessel: ‘0.134 hr ~ 08 minutes
B Hydrogen Deflagration
& The Estimated Core Temperature indicates that Local Fuel Relocation has occurred.
4| 11l o




_ *New Reactor In
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Local Time: Sat Feb 15 21:43:09 |

| Home | Tools 7]
Three Mile Island 1 @ Moo 1 9 0 o 5 & = @
E!ﬂ Feb 13, 2014 4 5) 7
Plant ~ Region[PWR, 2568 MWth, running at 100.0%. | Set  2L1:38 EDT Assess Critical ~ Core Uncovery  Estimate Timing of | Assess Core | Deflagration Show All Switch
Settings Dry Ambient Containment, 2E6 i Time Elapsed: 2d 00:05 Safety Systems  Determination CoreDamage | Damage State Steps || Incidents v
Plant Shutdown Time Damage Assessment Window

—

(1 A& Step 4->Coolant Concentration: The Coolant Concentration level indicates that Gap Releases have occurred and Fuel Melt may have initiated.

New R

A (Coolant Concentration

Nuclide: 2 131 '
T ——— 1.89E5 kg v |
Containment Release Reactor Coolant Inventory™: e
ncentration ci»llg =
Coolant Concentration; L3t -.lll ...-/i.g
[0.0, 1.00E8]

*The default inventory in the RTM is 2.5E5 kg. This value should be used unless the actual reactor inventory
is known. Using another value will lead to a ratio applied to the concentration levels for core damage.

fre
: olate Coolant Concentration and Core Damage State

-

m

] > Shutdow
sz Water Injection
Jg Core Boiling

SEAlg S29iCig

L.| Core Uncovered Nomal M
Coolant Transient

g Gap Releases Concentration Spike
Release

g Any Fuel Melt
U Hydrogen Deflagration

263E4Cifg
Mier
100%
Gap
Release

1325Cifg
Ater
100%
In-Vessel
Melt

A The Coolant Concentration evel indicates that Gap Releases have occurred and Fuel Melt may have intated.

A Hydrogen Concentration

| i




*New Reactor Incident - Response Technical Tools Beta - O R

b
= i 5
@. L ad Local Time: Wed Dec 4 18:16:33 |

| Home ‘ Tools (7]

Eh!]';) Wolf Creek @ @ 9 0 o C & i g

Plant ~ Region IV PWR, 3363 MWih, running at 100.0%. || Set Shutdown || Assess Critical  Core Uncovery  Estimate Timing of | Assess Core | Deflagration  Show Al Switch
Settings Dry Ambient Containment, 2566 # Time Safety Systems  Determination Core Damage Damage State Steps || Incidents

Plant Shutdown Time Damage Assessment Window

250
(0.0, 100]

Hydrogen Concentration:

Metal-Water Reaction and Core Damage State

Hydrogen Concentration

P|E*;I“IT Ciatn Start Possible Possible

BRI Failure Fuel Uncoolable Melt-Through
Melt Core

/& The Metal-Water Reaction indicates that Start Fuel Melt has occurred.

£} Estimated Core Temp

L Containment Radiation

Q Coolant Concentration

A Hydrogen Concentration

Development Installer Build 94 :Window Size (DEV) v IMemor}r v Usage: I 16%

6:16PM
1247203

-
A DN )



CONTAINMENT RADIATION

L *New Reactor Incident - Response Technical Tools - o IE8
‘ Lad Local Time: Tue Feb 4 09:03:10 )
I Home | Tools 7]
Monda | —_ =
e Q. | 0 O © |00 @5 °
@ Feb 03, 2014 -, /
Plant  Region Il PWR 2000 MWth, running at 100.0%. | Set  12:00 EDT Assess Critical ~ Core Uncovery  Estimate Timing of | Assess Core | Deflagration Show All Switch
Settings Dry Ambient Containment, 1.8E6 # Time Elapsed: 21:03:10 Safety Systems ~ Determination Core Damage Damage State Steps | Incidents v
Plant Shutdown Time Damage Assessment Window

A Containment Release Help ¥

e A B T LA N 5 :ON (Core Melt 5 : ON (Gap Activi § ON (N | Coolant
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!;j Water Injection
«| Core Boiling

g Core Uncovered
a Gap Releases T T |

1E1 1€2 1E1 1E2 1E1 €2
g Any Fuel Melt Time Since Shutdown (hour) Time Since Shutdown (hour) Time Since Shutdown (hour)

N it o al

Containment Radiation Reading (roentgen / hour)
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RADIOLOGICAL SYSTEM FOR CONSEQUENCE ANALYsIs (RASCAL)

* Used by NRC Incident Response Program

— Independent dose and consequence projections during radiological
incidents and emergencies

* Fast-running code that estimates doses for potential or ongoing
releases from:

— nuclear power plants (light-water reactors),
— spent fuel storage pools and casks,

— fuel cycle facilities, and

— radioactive material handling facilities

* Also estimates deposition, field measurements, and intermediate
phase doses



How RASCAL WORKS

RASCAL creates an atmospheric source term, processes weather data,
and calculates doses

-

Atmospheric
Source Term

S

‘)‘3‘)

$ $

. ®
n Dose/Concentration ,




RASCAL DEFINES ATMOSPHERIC SOURCE TERM

* Models or measurements determine radionuclides available for release
— Unit-specific data for NPPs, spent fuel, and fuel facilities
— Models/measurements based on accident scenario studies

e Source material may be filtered, reduced, or decayed
— Filtering and release height; NPP unit-specific pathways

.

Atmospheric 552)5[) )

Source Term

Plume |

¢ ¢

m Dose/Concentration %




SOURCE TERM

 Source term models calculate material that can be released

* Pick the best model; may have multiple options

* Available choices depend on Event Type

Nuclear Power Plant Spent Fuel

3 Source Term Options for Nuclear Power Pla

Source term based on reactor conditions

Fuel Cycle

@ Long Termn Station Blackout (SOARCA) B3 Source Term Options for Spent Fuel

" LOCA (NUREG-1485)
" Pool St -u d Fuel
" Coolant Release Accidents SRR AL e

" Containment Radiation Monitor " Pool Storage - Damaged Assembly Underwater

Source term based on nuclide specific data
" Dy Storage - Cask Release
" Coolant Sample

" Containment Air Sample
" Effluent Releases - by Mixtures

" Effluent Release Rates - by Nuclide

" Effluent Release Concentrations - by Nuclide

B3 Source Term Options for Fuel Cycle Eve

¢~ UFE Release from Cylinder(s)

" FEire Involving Uranium Oxide

(" Criticalty Accident

(" Explosion Involving Uranium Oxide

(" Effluent Release Rates - by Nuclide

(" Effluent Release Concentrations - by Nuclide

Other Materials

B3 Source Term Options for Other Rad Mat

{+ Effluent Release Rates - by Nuclide

(" Effluent Release Concentrations - by Nuclide

" Sources and Material in a Fire




NUCLEAR POWER PLANT

B3 Source Term Options for Nuclear Power Pla

 RASCAL has 9 nuclear power
plant source term options:

Source term based on reactor conditions

(" Long Term Station Blackout [SOARCA)
¢ LOCA [NUREG-1465) e 4 based on reactor condition

models

{ " Coolant Belease Accidents

* 5 based on nuclide
measurements

{ ~ Containment Badiation Monitor

Source term based on nuchde specific data

{ ~ Coolant 5ample

{ ° Containment Air S ample

{ ° Effluent Releazes - by Mistures

{  Effluent Releaze Rates - by Muclde

{ "~ Effluent Release Concentrations - by Muclde




SPENT FUEL

* For Spent Fuel, RASCAL has 3

(3. Source Term Options for Spent Fuel source term options
"~ Pool Starage - Uncovered Fuel ¢ InCIUdes bOth pOOl and dry
storage

{ " Pool Storage - Damaged Aszsembly Undemaater

e Sites are collocated with NPPs

{~ Dy Storage - Cazk Releaze




FUEL CYCLE

(5 Source Term Options for Fuel Cycle Eve

¢~ LUFE Releasze from Celinderz]
("~ Fire lnwalving Uranium Oxide
{° Crhizality Accident

{° Ewplozion [keealsang Uranium Owide

{ ~ Effluent Release Rates - by Huclide

{ ° Effluent Release Concentrations - by Nuchde

RASCAL can model certain events
from fuel fabrication facilities

UF6 release — special plume
model with chemical HF hazard

Criticality — plume model for
activation but includes prompt
shine



OTHER MATERIALS LOCATIONS

 RASCAL also has 3 “other”
materials options

(33 Source Term Options for Other Rad Maf
e Useful for modeling

{~ Effluent Releaze Rates - by Muclide tra nSpO rtation aCCidentS |a b
’

("~ Effluent Releaze Concentrations - by Muchde a CCid e ntS, etc.

(" Sources and Matenal in a Fire ° A” models St|” fOCUS on

atmospheric releases

— Liquid releases (like spills and leaks)
are not modeled in RASCAL




SOURCE TERM DETAILS

B9 LOCA (MUREG-1465)

Reactor shutdown: |2D2EI.-’EIEI#'D3 j | 10:00
Core uncovered: |2D2D.-"D9.-"D3 j |13:DD

Method uged far core damage estimate

{* Care recovered

@ ves 202000903 ~| [ 1700

" Mo

{~ Specified damage amount

{= 1

Ll Lk

percent

(" 1

=
]

percent

~

 Each model requires additional details like
timing or measurements

* For example, in the LOCA model:
— Time of reactor shutdown

 Starts the decay of all nuclides in the core (they’re in
equilibrium before)

— Time core was uncovered

* When NUREG-1465 models start, starting with 30 min
of gap activity, then fuel melt

— Is the core recovered?

* Additional material stops being generated after the
core becomes recovered



RELEASE PATHWAY

Select the release pathway option to be uzed in the calculations

{+ Containment leakagefailure

" Steam generator tube rupture

" Containment bypass

PWR Dry Containment — Leakage'Failure

Sprays

Auxiliary Building

Resctor r_\
Vesszel
e
e
Low Pressure System

Containment

Turbine

RASCAL needs information on
how generated material is
released to the atmosphere

— Pathway
— Height
* Wind speeds change with height

— Reduction
* Amount of material reduced by decay,
holdup, filter, sprays
— Timing
* Release rates, start
and stop



RELEASE PATHWAY DETAILS

* Release Height

R — 10m is minimum height allowed
(ground release)

9. PWR - Dry Containment Leakage or Failure

Fathuway dezcription:

Feleass height 100 Im | [Stack height: 185 ]
Feleaze timings: Core uncovered: 202008722 00:00 * S e I e Ct I e a k ra te ty p e
S T —— — Percent Volume / Time (e.g., 3%/hour)
ezcribed by } . 1 1
& O E b — Containment pressure / Hole Size (e.g.,
[rate Time Event — Eve_nt zetting Add Fow 3 O pS i/z C m 2)
2020,/08/23 00:.00  EEEEERT| Dezign
2020/08/23 00:00  Sprays s Remove Row

 Define release timeline

— Used for leak rate and additional
conditions

— Need to review/set initial conditions,
then can add rows as needed

Sort Rows

dal:

Clear Al




RASCAL DEFINES ATMOSPHERIC SOURCE TERM

 Atmospheric Source Term

— May be single nuclide or complex
core damage

— Isotopic activity over time (15 min)

Atmospheric
Source Term

Aty |Ci) released to atmosphere (by nuclide and time step)

Interval | 2016/02/02 |2016/02/02 |2016/02/02 | 2016/02/02 | 2016/02/02 | 2016/02/02 | 2016/02/02 | 20
Stat 0000  [00:15  [00:30 00:45 [01:00 01:15 01:30 o1
|Am-241 | 0.00E+00 0.00E+00 4.62E-10  1.46E-09 275E-09 4.17E-09  5.63E-09
Ba-139 0.00E+00 0.00E+00 5.62E+00 8.62E+00 9.99E+00 1.04E+01 1.02E+01 -
Ba-140 0.00E+00 0.00E+00 7.25E+00 1.26E+01 1.66E+01 1.95E+01 217E+01 :
Ce-141 | 0.00E+00 0.00E+00 1.67E-01 292E-01 3.83E-01 451E-01 501E-01 -
Ce-143 0.00E+00 0.00E+00 1.51E-01 261E-01 3.42E-01 4.01E-01 443E-01 -
Ce-144* 0.00E+00 0.00E+00  1.35E-01 2.35E-01 3.09E-01 3.64E-01 4.04E-01 -
Cm-242 0.00E+00 0.00E+00 1.71E-03 297E-03 3.91E-03 460E-03 5.11E-03
Cs-134 | 362E+00 6.30E+00 1.16E+01 156E+01 1.85E+01 2.07E+01 223E+01 <
Cs-136 | 148E+00 257E+00 4.73E+00 6.35E+00 7.53E+00 841E+00 9.09E+00 ¢
Cs-137* 250E+00 4.36E+00 B8.05E+00 1.08E+01 1.28E+01 1.43E+01 154E+01 -
Cs-138 0.00E+00 1.73E+01 3.76E+01 565E+01 6.04E+01 541E+01 4.37E+01 :
1-131 265E+01 4.60E+01 1.05E+02 149E+02 1.81E+02 2.05E+02 223E+02 :
1-132 3.84E+01 6.49E+01 1.49E+02 207E+02 249E+02 281E+02 3.05E+02 :
1-133 537E+01 9.27E+01 211E+02 295E+02 3.57E+02 4.01E+02 4.32E+02 ¢
1-134 5.92E+01 8.46E+01 1.58E+02 1.85E+02 1.85E+02 1.72E+02 153E+02 -
11135 | 5.13E+01 8.70E+01 1.94E+02 267E+02 3.18E+02 350E+02 371E+02 :
Kr-83m | 4.08E+00 7.43E+00 3.14E+01 5.10E+01 6.69E+01 7.94E+01 8.91E+01
<r-85 | 289E-01 578E-01 269E+00 481E+00 6.91E+00 9.00E+00 1.12E+01
"5m 825E+00 158E+01 7.11E+01 1.22E+02 169E+02 212E+02 2 52E-[

Dose/Concentration




ATMOSPHERIC SOURCE TERM IS MOVED USING ATD MODELS

Atmospheric Transport and Dispersion Models
— Transport material based on weather conditions
— Track material to where it falls/washes on ground
— Accounts for dry/wet processes and particle size

N

m—)

Atmospheric ) d ) “ d

Source Term

\ \ 4

m Dose/Concentration %

Generation
of Source
Material




A STRAIGHT-LINE GAUSSIAN PLUME MODEL ON A POLAR GRID IS USED TO MODEL
DISTANCES CLOSE TO THE RELEASE POINT

Release at center

> 10 degree separation

Eight user-settable
distances



A PUFF MODEL ON A CARTESIAN GRID IS USED TO MODEL AT LONGER DISTANCES

10

r Release at center

41x41 grid of evenly
spaced points

Spacing between
grid points set by
user selected
calculation distance

Miles NMorth-South from Center
[

-10

Miles East-West from Center



A SEQUENCE OF DISCRETE PUFFS IS USED TO MODEL THE PLUME

10

............... .. Puff centers move with
84::::::::::::::©: the wind.
eﬂ::::::::::::Q::: Puffs grow larger as time

e\ passes.

....... Q R Each puff represents 15
""" Q B minutes of release.

0 2 4 6 8 10



FINAL CALCULATIONS PROVIDE DOSES AND CONCENTRATIONS

* Dose calculation accounts for multiple pathways

— External (Groundshine + cloudshine)

— Internal (Inhalation + ingestion)

* Results includes other display/calculation options

Atmospheric
Source Term

o

Z)bbb[)b

Plume |

Generation
of Source
Material

$ ¢



RASCAL OuTPUTS

Total Effective Dose Equivalent

Accumulated between 200101713 13:00 and 20110114 0400
Core uncovered, design leak rate - Case 4

Arkansas - Unit 1

K ) - mi Legend

A 0.01t01rem
Below EPA PAG Range

|:| 1to 5rem
EPA Early Phase PAG Range

B -5rem
Exceeds EPA PAG Range

E Rugaelv]
.

| S—

= —>

RASCAL wdi

Total Effective Dose Equivalent

Accumulated between 20110113 13:00 and 20110114 04:00
Core uncovered, design leak rate - Case 4

Arkansas - Unit 1

17 10
| et i s

L ] \l 10-mi JII

Jrldend iy
ST MLy
X [\

Legend

O o.01to1rem
Below EPA PAG Range

O 1to5rem
EPA Early Phase PAG Range

. > 5 rem
Exceeds EPA PAG Range

RASCAL vwa 1

31



QUESTIONS?
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