An open-source python tool to evaluate In-
containment doses during a Severe Accident
for MELCOR (RADSIM).

Kevin Fernandez-Cosials, Rodrigo Rivilla, Cesar Queral.
Kevin.fcosials@upm.es
Universidad Politécnica de Madrid

POLITECNICA



Index

1. Motivation and Objective
2. Development and Capabillities

3. Application to a ST-SBO in a BWR/6 Mark Il

Spring 2026

Kevin Fernandez Cosials (UPM/Texas A&M) European Melcor Users Group 2026



1. Motivation

* Motivation: Instrumentation Survivability during a Severe Accident

* Requirements of Environmental Qualification rely on Pressure, Temperature,
Humidity and ... Radiation Dose.

« MELCOR does not provide an easy manner to obtain Doses in-containment
during the SA.

* |[n order to obtain instrumentation damage in a continuous manner during a
Severe Accident and help TSC crew with EOPs/SAMGs, doses should be taken
Into account.

* Objective: Develop a Script that takes as Input MELCOR RN Data, and
Outputs Doses for instrumentation located in each CV.
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2. Capabilties and Development

e
* MELCOR outpus RN classes Xe He, Ne, Ar, Kr, Xe, Rn, H, N
mass in each containment Cs Li, Na, K, Rb, Cs, Fr, Cu
Control Volume. Ba 22 1l € 0 22, R, 28 A
| SR I

* MELCOR outputs Pressure, Te O, S, Se, Te, Po
Temperature and Humidity of Ru Ru, RN, Pd, Re, Os, I, Pt Au, N

. ” V, Cr, Fe, Co, Mn, Nb, Mo, Tc, Ta,
each Containment Control Elements 0 W
Volume Ce Ti, Zr, Hf, Ce, Th, Pa, Np, Pu, C

Al, Sc, Y, La, Ac, Pr, Nd, Pm, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu,
* MELCOR outputs temperature 9. Trivalents La Am, Cm, BK, Cf

of HS and volumes of CV.
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2. Capabilties and Development

* Transformation:

« RN masses - Isotope Masses - Isotope decay chains evolution -
In-containment dose evolution.

4 options for
dose
geometries

MELCOR RN
Mass in each
Control Volume at
time O

Initial individual Time Evolution Evolution of dose
Isotope mass at of individual to each instrument
time O |Isotopes mass in each CV

JEFF-3.3 Radioactivedecay JEFF-3.3
fission Python Library gamma and
yields beta

energies
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2. Capabilties and Development

* Transformation:

« RN masses - Isotope Masses - Isotope decay chains evolution -
In-containment dose evolution.

4 options for
dose
geometries

10 kg RN-CLSS1 At 10 h, those 10 kg The dose rate at 10

10 kg of RN BOC are 1 kg are now: 1 kg Xe- h aSSl_Jming d(_)se at
Class 1 (Noble Xel33, 2 kg Xe 135, 1 kg Cs-135, a height X with a

Gasses) 135, 0.5 kg 0,0 kg Xe133... shlleld of Ycm as a
Kr133m .... circular source...

JEFF-3.3
gamma and
beta
energies

JEFF-3.3 Radioactivedecay
fission Python Library
yields
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2. Capabilties and Development

* Module-based approach of RADSIM:

Proportions
Module

Activity Gamma Dose Rates Accumulated

Module Energy Module Module Dose

MELCOR
Data

* Open-Source code. Can be found in Github.
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2. Capabilties and Development

° Geometry Ca|Cu|ati0n Options: ~ Sphere Source (1) Circular Source (2)

| ¥ Dose calculated at this point ’ x  Dose calculated at this point

DY, = (5.77 - 1075)Q;E; <@>
P air

<@> = a + bE + c[In(E)]? + dVE + e[In(E)]
P air i
Us ; . Point Source (3) Conservative Shield Hypothesis (4)
(7) . - f + gE : gi:;ectalculated at this point et
air
Methodology based on L. L. Humphries, “MELCOR Dose l

Rate Calculations,” presented at the Workshop on
Operational Experience and Advances in MELCOR
Modeling, Shenzhen, China, Nov. 19, 2012.
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3. Example of Application SBO on BWR. Steps

* 1. Identification of all
containment
Instrumentation.

2. ldentification of
physical Variables
required in Specific
SAMGs.

* 3. Evaluation of
Instrumentation
Blindness along the SA

Kevin Fernandez Cosials (UPM/Texas A&M)

CONTAINMENT
SPRAYS

AUXILIARY BUILDING (AB)
Containment Hydrogen Concentration Analyzer
DW Hydrogen Concentration Analyzer
HPCS Flow Transmitter
Feedwater Pressure Transmitters
SP Level Transmitters

COMPARTMENT A (CTA)
CTA Thermocouples
DW Pressure Transmitters
CTA Pressure Transmitters
CTA Radiation Detectors
Boron Tank Level Transmitter
Boron Injection Pressure Transmitters

Vessel Level — Wide Range

Vessel Level — Fuel Range
Vessel Pressure Transmitters

ANNULUS (AN) — k-

Average Power Range Monitors

SUPPRESSION POOL (WW) s

SP Thermocouples

CONTAINMENT STRUCTURE
COMPARTMENT B (CTB)
»
HYDROGEN
- IGNITER (90)
@ »

¥ | UPPERHEAD (UH)
: UH Vessel Thermocouples

:'” DRYWELL (DW)
I / DW Thermocouples
i DW Radiation Detectors

Feedwater Flow Transmitters
Control Rods Position

R
RCP Pressure Transmitters

| _— LOWER HEAD (LH)
-: LH Vessel Thermocouples
FW Thermocouples

CAVITY (CA)
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3. Example of Application SBO on BWR. Transient Evolution
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3. Example of Application SBO on BWR. Isotope mass contribution

Class 3 (Alkali Earths) Class 1 (Noble Gases)
1e6 lell
I I
i i —& Y90 —— Y94 i i —8— Kr-85m Xe-135
| - 5r91 Ba-137m 8- ' i - Kr-85 Xe-135m
251 | —4 Y.91m Ba-139 i i - K87 = Xe-137
i 4 Y91 B Bald0 i ! 4 K88 & Cs137
! S92 4 La-ldo ! ! ~+ Rb-88 & Ba-137m
~ 201 | 4 Y92 0 Ba-141 - : ! % K89 W Xe-138
£~ g € 593+ laldl < 67 s ! —4 Rb-89 & Cs-138
-~ I - I
3 I - ¥93 # Celdl 3 ! : >
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3. Example of Application SBO on BWR. Accumulated dose
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3. Example of Application, SBO on BWR. Doses on different volumes

Sphere Source Hypothesis at CTA Sphere Source Hypothesis at DryWell
I | I |
Core Damage 1 | = (lass 1 (Noble Gases) Core Damage 1 | = (lass 1 (Noble Gases)
(26140 5) l R =% __ (lass 2 (Alkali Metals) (26140 s) | . —— Class 2 (Alkali Metals)
: . —— Class 3 (Alkaline Earths) 10%1 : —— Class 3 (Alkaline Earths)
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3. Example of Application SBO on BWR. Code-to-code comparison.

Scoping Study Investigating PWR

B I R Instrumentation during a Severe
Accident Scenario
w '
T 16408 1 ﬁ | | .
o Joy L. Rempe, Rempe and Associates, LLC
§ i Darrell L. Knudson, Idaho National Laboratory
(=] i
E Robert J. Lutz, Lutz Nuclear Safety Consultant, LLC
© 4
§ 1.E+06 ~——Basement (CV 5} September 2015
(14 —— Cavity (CV 10)
——— Pressurizer Cubical {CV 41)
e Lowrer Dome (CV 50)
e Results obtained are in the
1.E+04 - '
0 10 20 » “ 50 same order of magnitude
Time (Days)

that Rempe et al.’s SBO
2015 study.
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3. Example of Application SBO on BWR. Full Instrumentation damage survivability.

5 Core Damage| . | +tiitiitttittl
(26140 s) L
i \|\|
E | . |
> 4 - : I : Vessel Failure
— |[RCIC Failure : i | (41800 s)
Q | . |
o3 \ : | *
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£ i |
82 \'I | —a—a———a—a—a—a—un—=
N
B — — — — — — = - = —t—t—t—0t—t—0—0—0o—¢
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Time (s)
- Suppression Pool Thermocouples = Containment Thermocouples

—— Drywell Thermocouples

A Survivablility Analysis that takes into account
Temperature, Pressure and Dose In a

continuous manner
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3. Example of Application SBO on BWR. Full Instrumentation damage survivability.
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Availability to measure Suppression Pool Pressure

Radiation Damage (set at ~ 100 Mrads) impairs more

instruments than expected
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Conclusions

* A post-processing application to calculate dose rates in-containment
during a Severe accident has been developed. RADSIM

» Uses JEFF 3.3 Data and a full radioactive chain calculation, and
provides more flexibility to dose calculation than other counterparts.

» Code-to-code comparison of results appear to be adequate.

- Radiation Damage can dominate Instrumentation damage under certain
hypothesis.
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Want to test?

* |If you want to test the tool or contribute, feel free to scan the code.

« Code to be shared (not ready yet)

https://github.com/el-tarro/UPM-Nuclear-

Repository/tree/70c032881efb0d90b3alcl46b8abb22fefdcfd8a/Codes/MELCOR _
2X/IDOSE%20RATE%20CALCULATION
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