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TUTORIAL

NUCLEAR POWER PLANT

CONTAINMENT RADIATION MONITOR

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

RASCAL can use measurements from a containment radiation monitor to estimate the amount
of core damage, which is then used to calculate the amount of material available for release.

ADDITIONAL INFORMATION

e The model used to convert containment radiation monitor readings has a number of
cautions. These can be reviewed in NUREG-1940.

e This method should be used as a secondary assessment of core damage. Given the cautions
and limitations it should be used for confirmatory calculations only.

Walkthrough

SCENARIO

An accident is underway at the Palo Verde Unit 1 nuclear power plant. The reactor scrammed at
12:00 P.M. By 12:45 P.M. some of the core was uncovered. The release from the core passed into
the containment building. Release from the containment was at design leak rate. The
containment sprays are off.

During the course of the event, you receive periodic readings from the containment dome
radiation monitor. For each reading, determine what amount of core damage is estimated by
RASCAL. For this exercise, assume Standard Meteorology.

Time PWR containment
monitor reading, R/h
12:45 P.M. 14
1:30 P.M. 10,000
3:00 P.M. 50,000
3:00 P.M. NEXT DAY 50,000
STEP BY STEP

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

=

Source term based on reactor conditions

" Long Term Station Blackout [SOARCA)

" LOCA [MUREG-1465)

There iz an option ta have the model generate a mare accurate
core/RCS inventom. This feature needs information about the reactaor
fuel management practices that iz not in the BASCAL facility databaze.
To add thiz information and enable the option, use the Create Reactor
Irventory Base File tool from the R&SCAL main screen.

(" Coolant Release sccidents

{+ Containment R adiation Monitor B

Source term based on nuclide specific data

" Coolant 5ample

™ Containment &ir Sample

™ Effluent Releaszes - by Mixtures

" Effluent Release Rates - by Huclide

™ Effluent Release Concentrations - by Muclide

For details and guidance see Help.

0K

Cancel

rli

Help

Click Source Term. Then, select the Containment Radiation Monitor option. Click OK.

Enter the reactor shutdown time of 12:00. Then add the four containment radiation monitor

readings:

e C(Click the Add Reading button thrice to add the needed rows to the table
e For each reading, edit the time and the R/h values (make sure and set the last entry date

ahead one day)
e C(lick OK

-

[ Containment Radiation Monitor

=X

Feactor shutdown; 2017/06M2 j |12:EIEI

Monitor location: Containment dorme

Monitor urits: Rk -

Enter all the radiation monitor readings in the table below;

Date Time R/h Add Reading |

2070842 1245 14.0

2017/06/12 1330 10000.0 Bemove Selected Reading |

217082 15:00

2070643 15:00 Sort Readings by Time |
Cancel
Help
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Click Release Pathway. The only option available for the selected source term type is

Containment leakage/failure. Click OK.

-

[ Available release pathways

Select the release pathway option ta be used in the calculations
{+ Containment leakage/failure
-~
~
WR Dry Containment — Leakage/Failure
Condensar
. Ofigas
Pressurizer Exhaust
Steam
Genarator
Relief Tank |
i
Reactor
Fiter =] Wessel
N AN
Condensar l—— Cancel
Sprays
— Help
Low Prassure Systam
Auxiliary Building Containment Turbine Builiding Erint
L
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Since no release height was provided in the scenario we can leave the value at the default of 10
meters. The scenario also states that the sprays were off and the containment was leaking at the
design rate. Thus, default events and event settings in the table are good. Click OK.

[ 5. PWR - Dry Containment Leakage or Failure g
Pathuway deszcription; |<none> [optional; B0 character max)
Release height 100 fm | [5tack height: 143 ft]
Releaze timings: First monitar reading: 201770612 12:45
Leak rate to atmosphere * Percent volurne 7 time

dezcribed by
" Containment pressure / hole size

Date | Time | Ewvent | Ewent zetting | &dd Row |
2017082 1245  Leak rate [% vol) Dregign
207062 Bemowe Fow |

1245
Sort Rows |
Clear All |

Sprags

1]

Cancel

rl

Help

Click Meteorology. Select the Predefined Data (Non Site-specific) option and make sure
Standard Meteorology is highlighted in the list of available datasets. Click OK.

-
[ Meteorology g

—Datazet Type —bvailable Datasets

i~ Actual Observations and Forecasts

Standard Meteorology ~ Drescription:
Summer - Afternoon - Calm .

Create Mew Summer - Afternoan - Fainy D stab 4 mph Ho precip 70 F 50% th
Surnner - Afterrjcu:-n - Windy

Edit Evisting Sumrmer - Morning - Calm

Summer - Morning - Rainy
Summer - Marning - Windy ) . :
Impart Surnmes - Might - Calm Tirne period covered:
Surmer - Might - Rainy

Summer - Night - Windy Dates will be adjusted to match

dili

Lelete Winter - Afternoon - Calm T
Winter - Afternoan - Windy e
% Predefined Data [Non Site-specifick
Wiew Met Data

i~ Predefined D ata [Site Specific]

QK 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 + out to 25 miles (40 km) |3DE - NFP Containment Fad Monitod
€ Closedn + out ta 50 miles (80 km) (e el s 4 G TEt
(" Closedn + out ta 100 miles (160 km) -z desefrion

" Cloge-in only

Usging cloze-in distances in miles:

0102020507 1.01520

o Defaultz

" Uszer defined

Start of releaze to atmosphere:
20706422 12:45 [from release pathway definition)

End calculations at

Start of release to .

0 stmosphere plus: 32 ﬁ haurs [optional - mas BOO characters)
Analgst:

" User specifed time: |201?-"'UE-”22 j | 20:45 nee

* Doze Analyst
Inhalation doze coefficents bo use in calculations " |
+ ICRP 26/30
" ICRP ED/72

Help | Cancel | ] |

e

Click Calculate Doses. The Distance of calculation can be left at the default of Close-in + out to
10 miles as that is the best resolution and we don’t yet know how large the doses will be. For
setting the calculation duration, we have the following information. The release starts at 12:45
with our first rad monitor reading. The last reading is at 15:00 on the second day. We have no
additional information on how the accident may progress. The monitor readings may continue
to increase and the release rate may change.

a. 12:45 to 3pm (next day) =26.25h
b. Calc dist =10 miles; wind speed in std is 4 mph. Thus, 10/4=2.5h
c. (26.25+2.5) x 1.1 =31.625 which rounds up to 32 hours. Enter 32 hours in the field.

Enter a case title and then click OK to start the calculations.
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For this problem, we were asked to provide an estimate of core damage first, not offsite doses.
Click the Case Summary tab at the bottom of the main screen. Scroll down to view the source
term section. Next to the monitor readings are the calculated damage values.

-

E Source Term to Dose - [Mew Case.5TD] =an=N X

File Settings MNuclide Data Viewer  Site / Facility Data Viewer Help

[ Event Type l

MPP Reactor Steam generator type: U-Tube il
SG water mass: 42184 kg
[ Event Location l Source Term ) o )
Type: Containment Radiation Monitar
Palo YYerde - Unit 1 Monitor location: Containment dome
Shutdown: 2017/06/12 12:00
Inventory: Default
’ Source Term l
™ Import Manitor readings R/h Calculated damage |
2017/06M1212:45 14.0 2.35E-02% cladding failure 3
Cantainment B adiation 2017/06/12 13:30 10000.0 1.8% core melt
szl 2017/06/12 15:00 50000.0 9.8% core melt
2017/06/13 15:00 50000.0 28.6% core melt
’ Release Path l
PR Dy Release Pathway
Type: PWR - Dry Containment Leakage or Failure
Release height: 10. m

’ Meteorology l

Release events
2017/06/12 12:45 Leak rate (% wvol) Design -

Predefined Conditions

’ Calculate Doses l

’ [#] Detailed Results l Print

’ Ll Save Case l

Case Summary l Source Term l Faximum Doze Walues

| Conclusion

Let’s review the data shown in the case summary screenshot above (rad monitor readings and
% core damage).

Why is the core damage estimate for the second 50,000 R/h (4" entry) higher the 3" entry?
It may be useful to go to NUREG-1940 and examine Figure 1-1 (copied on next page).

This is the containment monitor response for a PWR. Look at the line for 50,000 R/h and follow
across to the bars in the Core Melt section of the chart. The bars represent the damage amount
associated with a monitor reading. Notice in the chart that the 24-hr bars on the right are all
shifted lower than the 1-h bars on the left. With time, decay and natural processes will reduce
the amount of activity in the containment atmosphere. Thus, to have any reading of “X” R/h
there would have to be more damage to the core.
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A similar behavior exists with sprays. Turning sprays on using this model actually increases the
amount of core damage (but then washes some of it out with the sprays themselves). Let’s look
at the table again. The light grey is with sprays off and the dark grey is with sprays on. You can
see that throughout the whole chart the sprays on always has more damage than with sprays off
(the grey bar is always shifted lower on the chart). If sprays are on in the containment, then
material is being removed from the containment atmosphere. Thus, to get enough material to
have any reading of “X” R/h there would have to be more damage to the core.
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Damage State and Time After Reactor Shutdown
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