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SNAP/RADTRAD
KExercise 4:

Steam Generator Tube Rupture (SGTR) Accident



Steam Generator Tube Rupture

Overview

The complete severance of a single
steam generator is assumed to occur.

The pressure difference between the
primary and secondary systems
discharges radioactive reactor coolant
into the secondary systems.

A portion of the radioactivity is
released through the atmospheric

relief valves (ARVs) and through the
intact steam generators.

A portion of the break’s flow is
assumed to be released to the
environment through flashing.
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Step 1: Preliminary Setup

You should have Exercise 3 (REA) open in your Model Editor
In the Navigator Window, select “Model Options”

Change the Title to “PWR_SGTR”

Select the job stream in the Navigator Window and change the “Name” to

“PWR_SGTR”

Change the “Relative Location” in your job stream

Consider changing the location to “PWR_SGTR” in order to prevent the files from the
previous exercise from being overwritten

Save the model as “PWR_SGTR.med”




Step 2: Calculating the RCS Concentration

- Click on #vnusisetata then expand box () next to Total Inventories

- Click on the 3 1con to activate the RCS Activity Calculator

- Check the boxes for “Use RCS | @ Res Actiity Calculaor

Defaults Type:

Plant Power 3637.0 MW(

equilibrium activity” and “Use - L .
pre-incident spike”. e
- Fill out the information for RCS Mass, ,: o
the two TS Equilibrium activities, and ;
the TS spike act as shown in the image. :

- Make sure the bubble next to PWR

Calculate Activity

at the top 1s selected.

Table Cell Color Coding

[j Calculated Activity/Appearance Values (editable) D Additional Calculated Values D User Entered Values

Reset OK Cancel




Step 2: Calculating the RCS Concentration (Continued)

Click on the cacuasescwiy  box in the bottom right and fill in the window that pops
up with the following information:

v - - —
© RCS Activity Inputs - PWR

RCS letdown flow rate - purification (FD 6.6E4, |bm/hr (FD ?
RCS cation demineralizer flow rate (FA) 0.0/ I1bm/hr (FA) ?
RCS letdown flow rate for BRS (FB) 0.0, Ilbm/hr (FB ?

l
Noble gas activity release fraction (Y 0.0, lbmihr (Y ?

lodines Cs &R |
0.0 0.0 2
RCS cation demineralizer removal fraction (NA ¢
RCS purification demineralizer removal fraction (NB 0.0 0.0 L

Reset OK Cancel
— — — e -— v

Then press OK to the RCS Activity input pop up and the RCS Activity calculator.




e Edit Total Inventories

Mame RCS Activity - Calc wPre-Incident Spiking
BWR [defaults] Plant Power 3637.0 MW(H)
PWR [defaults] 3
AST_Core_Activity ;| \nventory Units
FHA :

Inventary (Ci)

“|Kr-85m

kg7 |

|Kr-a8

3
- 378453264

383688E4

26753 Qo572

1

0

0 5258413
27253341
117.34567

1.5602838

[] Display zero values




Step 3: Creating 2 Source Scenarios

We will need to create two source terms.
One will be used for the 3 intact steam
generators, and one will be used for the
steam generator that had the ruptured
tube.

We will start with the failed SG. Click on
Source 1 (= O source 1 (PWR_ReA Source) ) and
expand Source Scenarios. Then, click on
() and select the RCS Activity — Calc
wPre-Incident Spiking inventory we
created.

Then change the scenario name to
“Failed SG” and your Edit Inventory
Scenarios window should look like the
1mage.

O Edit Inventory Scenarios
Active Scenario Scenario Name |Failed 5G
Failed 5G v Accident Adjusted _ Release Fractions [ ~
oA TR e g EEE=E Source Te
Parameters Inventory L and Timings @ source Term

Scenarios

o EE i & Total Inventary  RCS Activity - Calc wPre-Incident Spiking
FHA Accident Type Use Total Inventory | »
PWR_REA_Source
Failed SG

Help OK




e Edit Inventory Scenarios

Active Scenario

pess ]

Scenarios

Oh T & v

FHA
PWR_REA_Source
Failed SG

Scenario Mame |Failed 5G

Accident | & Adjusted | — Release Fractions
Parameters Inventory and Timings

@ Source Term

RFT File Header Lines
User-defined source release
Duration (h):

Release Durations (hrs)

Gap 1.0E-4
Early 0.0

Release Fractions

Gap

__E
kall Metal- - he 09
relwrivm | 00 000000 00

Noble et oo 0
Cetuom | o0 00
Lanthanides | 00 00




Step 3: Creating 2 Source Scenarios (Continued)

Once the Source Scenarios i1s setup,
set the Iodine Physical Form and
fractions as shown in the image.

Create a new source called “3 Intact
SG” and repeat the steps used to
create the “Failed SG” source. Except
the Source Term Fraction for the
mtact SG source should be set to 0.1.

@ source 1 (Failed SG)
¥ General
Mame Failed SG
Component Mumber
Description =nane=
Source Scenarios [3] active: Failed SG

Source Term Fraction
lodine Physical Form ||User Defined

Aerosol Fraction
Elemental Fraction

Organic Fraction

Compartments Compartment 2 (Containment)

™
¥| Show Disabled

Yl

1|1

B P
PP

1.0{ (-} plh s
-~ (TP

0.0 () v 7
0.97|(-) P
0.03 () plh s
PP




0 Edit Inventery Scenarios

Active Scenario

56

Scenarios

Dhi &

Scenario Name

& Adjusted Release Fractions |

L Source Term
Inventory and Timings O

Total Inventory  RCS Activity - Calc wPre-Incident Spiking

Accident Type Use Total Inventory :

@ Edit Inventery Scenarios

Active Scenario

Scenarios

Oy @T A& ¥

© Source 2 (3 Intact SG)

_-
Description

e et
_

Aerosol Fraction U 0 ( ) -

Elemental Fraction

Organic Fraction

Accident | o Adjusted | — Release Fractions

" Source Term
Parameters Inventory and Timings ©

Duration (h):
Release Durations (hrs)

Gap 1 DE-4
Early

Release Fractions




Step 4: Two Release Pathways

In exercise 3, we had a source in a containment compartment that leaked to the
environment and control room. In this exercise, we will remove the containment
compartment and leak to environment flow path and replace it with two pathways.

The first pathway will include the 3 Intact SG Source along with a compartment for the
unaffected SGs and a flow path for the steam released by these SGs.

The second pathway will include a compartments for the reactor vessel and ruptured SG
and flow paths for the flashed and non-flashed break flow, primary to secondary (pri-sec)
leakage, leakage to the environment.




Step 4: First Pathway

After removing the containment
compartment and leak to environment flow
path, your model should look like the image.

An error will occur if the component numbers
are sequential (i.e., an error will occur if your
pathway component numbers go 1, 3, 4
istead of 1, 2, 3).

Component numbers can differ between what
you have, and the examples shown.

These components won’t be needed for the
first pathway and it’s easiest if they are put
off to the side for now. This can be done by
highlighting each component by clicking on
the white space and dragging so that the red
box completely covers each component. Then
after each component is highlighted, you can
click and drag on a single component to move
them all at once.




Step 4: First Flow Path (Continued)

For the first flow path, the 3 Intact SG source will need to be added to the view, a
compartment “Unaffected SG” will need to be created, and a flow path “ Steam released
from intact SGs” will need to be created as well.

Create the compart and flow path without worrying about the information for each for
now.

The first flow path should look like the 1image provided.

NOTE: component numbers may differ.

T Unaffected 5G

4 Steam released fram intact SGs
1




Step 4: Second Flow Path

- The second flow path will include two new comparts for the (1) Reactor Vessel and the
(2) ruptured SG.

- It will also include 4 new pathways for the (1) Non-flashed break flow, (2) Flashed
break flow, (3) Pri-sec leakage, and (4) Leak to Environment.

- After creating the compartments and pathways, the second flow path should look like
the provided image.

- NOTE: To change the drawing orientation of the Pri-sec leakage, right-click on the
pathway with the selector ( k ) selected -> Drawn Orientation -> Left

< Pri-sec leakage
T

Non-flashed break flow

&
Reactor WVessel uptured 5G

1] G Leak to Enirenment >
g

Flashed break flow

L G




Unaffected SG

:
o TE
Pri-sec leakage

:
Reactor essel
5 ]
T B

CR_unfittered_inflow
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Contral Room
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T R men v
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Step 5: Filtration and Compartment Data

- 5 more filters will need to be created (9 in total) for the created pathways. The name of the
filters match the name of the corresponding pathway to keep things organized.

- All the filter data can be copied and pasted from the ExerciseData spreadsheet or entered

manually.
Steam released from intact SGs Non-flashed break flow Flashed break flow
Time Flow Rate | Aerosol Re... | Elemental | ... | Organicl Re... Time Flow Rate | Aerosol Re... | Elemental | ... | Organic |l Re... Time Flow Rate | Aerozol Re.. | Elemental | ...| Organic| Re..,
h ftmin o, o4 o4 h ftimin o4 o4 o4 h #3min o o 73
0.0 6.492115E5 99.0 899.0 899.0 0.0 257019 8980 990 99.0 00 F0R.42 00 00 0.0
0.01 3993.0 99.0 99.0 99.0 0.01 2464 57 99.0 98.0 980 0.01 16582 0.0 0.0 0.0
0.31 0.0 99.0 99.0 99.0 0.31 2946 24 99.0 98.0 980 0.31 447 74 0.0 0.0 0.0
097 1.644897E4 99.0 899.0 99.0 0.81 329812 8980 990 99.0 0.81 9F3.5R 00 00 00
1.07 5895 .41 99.0 899.0 99.0 0.97 3178.74 8980 990 99.0 047 105.72 00 00 00
1.43 2482 87 99.0 899.0 99.0 1.07 28200 8980 990 99.0 107 00 00 00 00
209 276836 99.0 899.0 99.0 1.43 1041.31 8980 990 99.0
12.0 0.0 99.0 899.0 99.0 2.08 0.0 8980 990 99.0
Leak to Environment Pri-sec Leakage
Time Flow Rate | Aerosol Re... | Elemental | ... | Organic| Re... Time Flow Rate | Aerosol Re... | Elemental | ... | Organicl Re...
h fmin B B 6 h ffmin o oG Ch
0.0 2170385E5 0.0 0.0 0.0 0.0 0.1337 0.0 0.0 0.0
0.01 1569.67 0.0 0.0 0.0 720.0 0.1337 0.0 0.0 0.0
0.31 499503 0.0 0.0 0.0
0.81 0.0 0.0 0.0 0.0
209 4 26 0.0 0.0 0.0
120 0.0 0.0 0.0 0.0




Step 6: Filtration (Continued)

With the steam tube rupture, we are assuming that the control room 1is in emergency
mode. Because of this, no changes need are needed to the filters to and from the control
room.




Step 5: Compartment Data

- The information needed for all compartments is as listed:

Unaffected SG Normal 5.85E5
Reactor Vessel Normal 3.99E5
Ruptured SG Normal 7.00E4




Step 7: X/Q Tables

- Because we added another pathway to the environment, the Onsite X/Q Tables need to
be adjusted.

- Select the Environment component then expand ( ) the Onsite X/Q Tables option.

- We want to make sure we are using the Control Room X/Q table, Table 3 for the
pathway for the two pathways as shown below.
o

| Pathways — [2] CR_unfiltered_inflow [4] CR_filtered_inflow
[1] Steam released from intact 3Gs [X/Q Table 3 (Control Roo... [X/Q Table 3 (Control Roo...

[3] CR_to_environ
[8] Leak to Eniranment JIQ Table 3 (Control Roo... [¥/Q Table 3 (Control Roo...

Help OK Cancel




Step 7: X/Q Tables (Continued)

Next, we need to adjust the X/Q table for the © Editing X/Q Table %
control room to match this scenario. The X/Q -
values for the control room X/Q table (table 3) are Time e
given in the ExerciseData spreadsheet or can be | 00 =
entered manually as shown 1n the image. | 50 30304

24.0 1.9E-4f |
NOTE: X/Q Tables are always in units of seconds i 200 394
per cubic meter even when British units are |
selected.

Add Remove

OK Cancel




Step 8: Submitting the Job

Click on the ¥ button to make sure there are no errors in your model.
Once any errors are fixed, then Select Tools > Submit Job.
Open the SGTR_Accident folder, click on Base Job, then press the < icon.

Then go to Text File and select the radtrad.out file and scroll to the bottom.

44444444444444444444444444444444444444444444444444444444444444444444

The results should look like the following: e ittt A

44444444444444444444444444444444444444444444444444444444444444444444
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Exclusion Area Boundary

Time Whole Body Thyroid TELE
{hr) {rem) {rem) {rem)
0.0-2.0 2.0903e-01 3.1851e=+01 1.44838e4+00

44444444444444444444444444444444444444444444444444444444444444444444
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

44444444444444444444444444444444444444444444444444444444444444444444
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Low Population Zone
Body Thyroid TEDE

{hr) {rem) {rem) {rem)

Time Whole

720.0 6.884ge-02 1.0313=+01 4.7281le-01
Control Room
Time Whole Body Thyroid TELE
{hr) {rem) {rem) {rem)




Exporting SGTR Nuclide Inventory

The inventory for the SGTR will be needed in the next exercise.

To export the inventory, select «iuciszoatain the navigator window and then expand total
Inventories.

Select the RCS Activity — Calc wPre-Incident Spiking inventory and press the * icon to
export the inventory.

Save the inventory as SGTR_RCS.




