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Control Rod Drive 
Temperatures
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Control Rod Drive Temperatures

Operational 
- Heatup of control rods at Loss of HVAC
- Heatup of reactor well at Loss of HVAC

Design base accident
- Heat loss of RPV head
- Formation of RPV head bubble

During core damage
- Failure of position indicators (OSSA)
- Thermal decomposition / burning of electric components?
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https://www.nrc.gov/docs/ML0522/ML052280176.pdf
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Control Rod Drive Temperatures
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Control Rod Drive Temperatures

Don’t want to model coolant within the CRD
(Small volumes  impact on time steps)

Representation in MELCOR as cylindrical HS
- Sections of hollow vertical pipes
- Equal mass & equal outer surface  wall thickness fitted
- HS thermal conductivity between HS by CF ( CSARP 2022)

RPV-CR adaptor (HS091.11)
- Inner BC: CV090 (RPV head)
- Outer BC: reactor well with insulation

CR drive coil section (HS091.12)
- Inner BC: symmetry
- Outer BC: bare metal to reactor well

Coil Housing (HS091.13)
- Inner BC: symmetry
- Outer BC: bare metal to reactor well
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Control Rod Drive Temperatures

What is known about the CRDs? 
- Temperature inside the RPV ~320°C
- Heat loss to containment 1-2 kW per CR

Pseudo-thermal conductivity between HS
- Stainless steel ~20 W/(m2K)
- From RPV-CR Adaptor to CR drive coil section ~ 80 W/(m2K)
- From CR drive coil section to Coil Housing 200 W/(m2K)
- Main heat transport by internal coolant convection

Results
- Reactor well remains relatively cool

(separated from containment for flooding in outage)
- No early thermal endangerment of rod position indicators
- Pyrolysis of CRD drives unlikely
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Modelling of Doors
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Modelling of Doors
During an incident, door integrity is challenged by...
- Static pressure buildup
- Dynamic processes like H2 combustions
- Static water pressure

In MELCOR, a door is ...
- a flow path with valve controlled by a CF
- the CF evaluates differential pressure
- Static water pressure included in CF when necessary
- CF latches when door opens

Questions / Uncertainties
- Failure pressure usually unknown

(no qualification, no engineered opening device)
- When door opens, does the full flow path open?
- FRAM recommendation: for generic T90 fire protection door: 

best-estimate 50 mbar in opening direction, 100 mbar against [5]
- Door opening conservative or optimistic?

9

[5] https://www.sciencedirect.com/science/article/pii/S2590123019300313

https://www.sciencedirect.com/science/article/pii/S2590123019300313
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Modelling of Doors
When merging rooms into CV,
several doors may connect the same CVs
- At SB-LOCA  slow pressure rise, only single door will open
- At LB-LOCA  fast differential pressure rise, several doors may open
- Opening all doors at the same opening pressure is unrealistic

• Manufacturer tolerances of doors lead to variable opening pressures

• Opening all doors may underestimate peak differential pressure / wall loads

• Opening all doors may lead to overestimation of convection 
 beneficial w. respect to H2 risk

- Representation as one FL with valve-function, 
with staggering door opening pressure

- FRAM recommends ± 10% spread – irrespective of which door opens first
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Modelling of Doors

Complex connected geometries
- Having the same opening pressure for doors highly discouraged

as numerical noise explodes
- Uncertainty analysis – random sampling – high effort with low benefit
- Choose which door has lowest opening pressure, 

based on what is conservative
• In-containment convection affects H2 risk

• Fission product transport / deposition

• Heat / smoke ingression in escape routes / staircases

• Loads on safety equipment

(Fire protection) doors may not open at all
- Room pressurization by door leakage
- For a typical fire protection door, 

leakage flow of 0.07 m3/s at 25 Pa differential pressure 
seems reasonable [7]
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[7] https://publications.iafss.org/publications/fss/2/169/view/fss_2-169.pdf

https://www.nrc.gov/docs/ML0522/ML052280176.pdf
https://publications.iafss.org/publications/fss/2/169/view/fss_2-169.pdf


2026 © Framatome – All rights reserved  /  C1 - Framatome Restricted  /  Framatome’s know-how  / Export Control EU EC: DE–N  US EC: N

Modelling of Doors

Up to now, assumption that doors open instantaneously
- Suitable if only long-term behavior is of interest or if doors react fast compared to CV T/H evolution
- Maybe not a good description for fast transients (e.g. peak pressured during H2 combustions)
- Maybe not a good description for heavy doors / flaps / concrete slabs
- Differential pressure generates torque on flap/door
- Angular equations of motion can all be programmed in CFs

(not necessarily a straight-forward / fun task)
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Preparation of 
Licensing e-ATF
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Preparation of Licensing e-ATF
Framatome e-ATF 
- https://www.framatome.com/solutions-portfolio/product/a0519/
- Chromium coated M5 cladding
- Experience in manufacturing & supply
- Test rods in multi-year irradiation programs

For GEN2-plants 
- Fuel behavior in design base accidents
- Oxidation limits / Ballooning / ....
- No requirements for severe accidents

For GEN3+ 
- Severe accidents are (as far as reasonable) included in the design
- e-ATF must not interfere with designed severe accident features
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https://www.dora.lib4ri.ch/psi/dload/psi:41308/PDF/
Duquesne-2021-Framatome's_evolutionary_ATF_solution-(published_version).pdf

https://www.framatome.com/solutions-portfolio/product/a0519/
https://www.dora.lib4ri.ch/psi/dload/psi:41308/PDF/Duquesne-2021-Framatome's_evolutionary_ATF_solution-(published_version).pdf
https://www.dora.lib4ri.ch/psi/dload/psi:41308/PDF/Duquesne-2021-Framatome's_evolutionary_ATF_solution-(published_version).pdf


2026 © Framatome – All rights reserved  /  C1 - Framatome Restricted  /  Framatome’s know-how  / Export Control EU EC: DE–N  US EC: N

Preparation of Licensing e-ATF

Core melt stabilization system
- Additional mass of chromium in e-AFT low in comparison to 

Cr in stainless steel of the RPV
- Core melt composition doesn’t change noticeable
 No risk identified for ex-vessel stabilization

Administrative emergency planning / SAMG
- Chromium coating delays cladding oxidation from 1200°C to ~1300°C
- At 1300°C, the chromium gets eutectically absorbed in Zr
- In a full-scale core meltdown scenario, 

this translates to time delays of few min.
 No need for adaptions of EOP / SAMG

Hydrogen mitigation system
- After collapse of the Cr-layer, strong oxidation / H2 generation
- Cr-coating compresses the initial cladding oxidation in time,

leading to temporarily higher release rates.
 Possible impact on H2 mitigation
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Preparation of Licensing e-ATF
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EPR MELCOR model (old EMUG / CSARP talks)
- Reactor coolant system
- Containment
- H2 mitigation system

E-ATF simulations
- No mechanistic cladding oxidation model
- Adapt Zr oxidation sensitivity array SC1001
- Practically disable Zr-oxidation up to 1300°C
- Then switch to “normal” Zr oxidation thereafter
- Test of 4 different correlations ATF1-ATF4
- Target: Conservatively envelope the effect 

of compressed Zr oxidation
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Preparation of Licensing e-ATF
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Results
- No striking difference between normal fuel and e-ATF

(considering the overall uncertainties)
- Initially H2-production limited by availability of steam
- High thermal gradient over the core

• not all core regions oxidize simultaneously

• prolongs H2 production phase

Work has status of a proof-of-concept

Accelerated e-ATF oxidation seen in controlled experiments is 
expected to have low impact on full-plant simulations
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Contact
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