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TUTORIAL

NUCLEAR POWER PLANT - PWR

L0SS-OF-COOLANT ACCIDENT (LOCA)

Prerequisites

Basic working familiarity with the RASCAL STDose model, from either the online
RASCAL Fundamentals course or from previous practical RASCAL experience.

Disclaimer

This RASCAL tutorial was developed by the U.S. Nuclear Regulatory Commission
to support training for its Incident Response Program and the Radiation Protection
Computer Code Analysis and Maintenance Program (RAMP). The situations

presented may not be realistic or likely and are for training purposes only.
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| Introduction

The Loss-of-Coolant Accident (LOCA) source term option in RASCAL implements the core
damage and release timing sequences established in NUREG-1465, “Accident Source Terms for
Light-Water Nuclear Power Plants.” The basic scenario for this accident is initiated by a loss of
reactor coolant significant enough to uncover fuel. In this accident sequence, uncovered fuel can

heat up to release gap activity and eventually melt.
ADDITIONAL INFORMATION

o If a LOCA takes place but is not significant enough to lead to uncovered fuel (and there is no
fuel damage) use the Coolant Release Accident source term option instead.

¢ Both the LOCA and LTSBO source terms model fuel damage. The onset of damage occurs
more rapidly in LOCAs (LTSBO slowly boils water off, then melts fuel) and the timelines
once damage starts are slightly different.

e This source term will not properly model an ATWAS (failure to shutdown/insert rods).

Walkthrough

SCENARIO

Note: this PWR LOCA scenario repeats the example problem used in the RASCAL Fundamentals course.
If you have recently taken that course, this walkthrough may serve as a beneficial review.

Braidwood, Unit 1 had been operating at full power. At 10:00 local time a major rupture in the
primary coolant system (loss-of-coolant accident [LOCA]) caused the reactor to trip. Coolant
loss was significant enough that the core was uncovered at 11:00. At 17:00, operators were able
to recover the core.

When the release started, the containment spray system was active. Containment release rate to
the atmosphere was 3% per day. Containment remained at high pressure (which kept the
release ongoing) and pressure wasn’t reduced until 21:00 (at which point the release stopped, or
is at 0%).

Use Standard Meteorology.
STEP BY STEP

Start the STDose tool; set Event Type as Nuclear Power Plant and Event Location as Braidwood
Unit 1.
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9. Source Term Options for Muclear Power Plant

eS|

Source term based on reactor conditions

" Long Term Station Blackout [SOARCA)

{» LOCA [NUREG-1465f

" Coolant Felease Accidents

" Containment B adiation kaonitaor

Source term based on nuclide specific data

" Coaolant Sample

(" Containment Air S ample

" Effluent Feleases - by Mistures

" Effluent Release Rates - by Muclide

" Effluent Release Concentrations - by Muclide

There iz an option to have the model generate a more accurate
core/RCS inventony. This feature needs information about the reactor
fuel management practices that is not in the RASCAL facilty databaze.
Ta add thiz information and enable the aption, use the Create Reactar
Inwventary B aze File toal fram the RASCAL main screen.

For detailz and guidance see Help.

-

(]
Cancel

Help

rl

Click Source Term and then select the LOCA (NUREG-1465) option. Click OK.
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. LOCA (NUREG-1465) .

Reactor shutdown:  [2017/0612 ~| [ 10:00

Core uncovered: 2mmenz ~| [ 1roo

Method uzed for core damage estimate

f* Core recovered

@ ves  [aotrmenz - [17.00

" Mo

(" Specified damage amaont

o 0 =
=1 pemcent
" =]
1o =1 pemcent Cancel
2 Help

L

Now define the LOCA timeline parameters. Set the Reactor Shutdown time to 10:00, which
starts the decay clock for the isotopes in the reactor. Set the Core Uncovered time to 11:00,
which starts the NUREG-1465 timeline that describes the amount of core damage per time.
Lastly, you need to specify the extent of core damage, which can be done in two ways. The Core
Recovered option will follow the accident progression timeline for a given time duration. If yes,
RASCAL will stop the generation of new source material at the specified time. If no (not
recovered), RASCAL will continue fuel melt and generation of new source material until the
end of calculations. In contrast, the Specified Damage Amount option defines a set endpoint
and persists damage until that time. For this scenario, set the Core Recovered option to Yes and
the time to 17:00. Click OK.

Click Release Path and determine which pathway best characterizes the release.
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5. Available release pathways Iﬁ

Select the release pathway option ta be used in the calculations

{+ Containment leakage/failure

(™ Steam generator tube rupture

{~ Containment bypass

WR Dry Containment — Leakage/Failure

i Condensar
) Safety Relief Offgas
Pressurizer Valve Exhaust

Steam
o Genarator
Relief Tank

Reactor

Fiter =] Wessel

14

e

ﬁ L Condensar ( I—_ Cancel
Sprays
Help

Low Prassure Systam

il

Auxiliary Building Containment Turbine Builiding Erint

e

In this scenario, there’s no indication of a leak in the steam generator or a system bypassing
containment, so we can assume that material will directly enter containment. This will cause an
increase in containment pressure which could damage containment, resulting in leakage to the
atmosphere unless containment pressure is reduced. We can see by the line diagram the
expected release pathway. Since this release pathway option is selected by default, just click OK.
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5. PWR - Dry Containment Leakage or Failure

Pathway description: |<none>

|‘ID.D

fm

Release height:

Releasze timings: Core uncovered; 2017082 11:.00

[optional; BO character max)

Leak rate to atmosphere f+ Percent volume / time

| AddRow |
]

described by:
(" Containment pressure / hole size
Date | Time [Event | Event zetting
2017406112 11:00  Leak rate [% val) iDesign
2017/06M2 11:00  Sprays ulij

Bemowe Row |

Sort Rows |
Clear all |

oK

Cancel

i

Help

Now define additional release parameters. Let’s start with release height. Remember that
RASCAL won’t take input values any lower than 10 meters. For ground releases or building
releases without a specific release location, just use 10 meters. Since this is already the default,
move down to the leak rate options below. Start by changing the first leak rate from design to
what is in the scenario. Click on the Design entry, then click the dotted button on the right.

-

B3 Leak Rate as Percent of Volume

£ Total Failure (100 %)

|3.

ﬁ % per Id 'I

(010 %Ad)

= Design

=
7{ E

Cancel |

Help

:

Select the Percent Volume option. Enter 3 in the % box and d in the dropdown. Click OK.
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[ 5. PWR - Dry Containment Leakage or Failure u
Pathway description: |<none> [optional; B0 character max]
Releaze height: I-I 0.0 Im LI
Releasze timings: Core uncovered; 2017082 11:.00
Leak rate to atmosphere f+ Percent volume / time

described by:
(" Containment pressure / hole size

Drate | Time |Event |Eventsetting | Add Row |
20174062

11:00  Leak rate [% val) 3 %d

2M70BM2 11:00 Sprayz B[] Bemowe Row |

2017/06M2 21:00  Leak rate [% wol) A J
Sort Rows |
Clear all |

oK

Cancel

i

Help

In the scenario, the containment spray system was active, so change the Sprays value to On.
We'll also need to account for the fact that the operators were able to reduce containment
pressure (stopping the leak). Click the Add Row button on the right. Set the time in this row to
21:00. In the Event column, select Leak Rate. For the Event Setting, click the dotted button, select
the Percent Volume option, and set to 0%. Click OK and then click OK again to return to the
main STDose screen.

Click Meteorology; select the Predefined Data (Non-Site Specific) option and select Standard
Meteorology.

-
8 Meteorology M
— Dataget Tupe — Available D atazet:
= Actual Obzervations and Forecasts Standard Metearology Description:
Summer - Afternoon - Calm .
Create Mew I Summer - Afternoan - Bainy D stab 4 mph Mo precip 70 F 50% rh
Surmmer - Afternoon - Windy
& E b Summer - Morming - Calm
el Euislrg Surnmer - Morning - Rainy
Surmmer - Moring - Wwindy Ti o "
Import I Surnmer - Might - Calm IME Penad sovered:
Surnmer - Might - Rainy g B
o Su_mmer Might - Wirdy i?ézi:'" be adjusted to match
—I— Winter - Afternoon - Calm
Winter - Afternoon - Windy i
* Predefined Data [Mon Site-specific
Wiew Met Data |
™ Predefined Data [Site Specific)

0k I Cancel Help
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(4 Start the Calculations &J

Specify options and title for this set of calculations, then OK to begin calculations.

Distance of calculation Caze information
¢ Cloge-in + out to 10 miles [16 km] Title
" Cloze-in + aut to 25 miles (40 km) |30‘I - MPP [PWH] LOCA
(" Closedn + out ta 50 miles (80 kmj b lipe) -k 09 e e,
(" Closedn + out ta 100 miles (160 km) -z desefrion

" Cloge-in only

Usging cloze-in distances in miles:
01.02.03.05071.0,15 20

o Defaultz

" Uszer defined

Start of releaze to atmosphere:
2017/06/22 11:00 [from release pathway definition)

End calculations at

Start of rel b

i at:-.[o:pl*:zria;i&o 14 ﬁ haurs [optional - mas BOO characters)

Analgst:
" User specifed time: |20'I TAE/23 j | WELY nee

* Doze Analyst
Inhalation doze coefficents bo use in calculations " |
+ ICRP 26/30
" ICRP ED/72
Help Cancel ]
Click Calculate Doses.

Leave the Distance of Calculation set to 10 miles. For End Calculations use the Start of Release
to Atmosphere plus option. For this release duration, we need to account for the release time
and duration that the plume will take to get to 10 miles. We know the release lasted 10 hours
(11:00 to 21:00) despite the fact that the core was recovered at 17:00 (this just means no new
material is available for release, but material in containment can still be released). It takes the 4
mph wind (in Standard Met) 2.5 hours to transport material 10 miles. We’ll add the two times,
and add 10% for dispersion and uncertainty, resulting in 13.75. Rounding up a bit, input 14
hours. There’s no need to change the inhalation dose coefficients option. Enter a case title and
then click OK.

Compare your results to the screenshot below.
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Source Term to Dose - [Mew Case.STD] =RRCN X

File Settings Muclide Data Viewer Site / Facility Data Viewer Help

[ Event Type ]

—— Maximum Dose Values (rem) - To 10 mi -
Distfrom release
e . miles 3 4 5 7 10
| @ Event Location | (kilometers) (4.8) (5.4) 8.0) (11.3) (16.1)
Braidwood - Unit 1
Total EDE 1.5E-01 1.4E-01 1.1E-01 7.9E-02 5.0E-02
Thyroid CDE 5.5E-01 5.2E-01 4. 4E-01 3.2E-01 2.2E-01
’ Source Term l Inhalation CEDE 40E-02  37E-02  2AE-02  23E-02  15E-02 E
Cloudshine 9 4E-02 8.5E-02 6.9E-02 4 TE-02 2 9E-02
[ Import 4-day Groundshine 1.6E-02 1.6E-02 1.2E-02 8.6E-03 5 GE-03
Inter Phase 1stYr 1.4E-01 1.3E-01 1.1E-01 7.9E-02 5.3E-02
HOES VAR Inter Phase 2nd Yr BBE02  63E02  53E02 38E02  25E02
= Motes:
’ Release Path l «Inhalation dose coefficients used: ICRP 26/30
PR Dry + Doses exceeding EPA PAGS are underlined.
* Early-Phase PAGs: TEDE - 1 rem, Thyroid (iodine) CDE-5rem
*Intermediate-Phase PAGs: 1styear - 2 rem, 2nd year- 0.5 rem
’ HMeteorology l +** % indirates values less than 1 mrem k%
4 m 3

Predefined Conditions

Walue displaved: ¢ Close-in doze Display units: &+ English
* Dozesto 10 miles " Metric . :
~ Definitions Print
| Calculate Doses |
[#] Detailed Results I
’ b SaveCase l Caze Summary l Source Term l M aximum Doze Values

| Conclusion

This problem steps through a LOCA that led to core damage and ultimately released to the
atmosphere through containment. Just as a reminder, this model should be used only when
assuming a LOCA will result in core damage/melt. If a LOCA takes place but is not significant
enough to lead to uncovered fuel, and therefore no fuel damage, use the Coolant Release
Accident source term instead. Additionally, if any information for release pathways was known
(e.g., failed seals into aux building), then you would choose the appropriate pathway in the
Release Path section instead of assuming containment failure.
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