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Main parameters:
Total length 13 km

Max elevation 24 m and min 3 m

Average elevation 9,5 m

Total volume of material 2,5 mill. m3  

Cost around 90 millj. USD

Protected infrastructure about  3-5 bil. USD



My work before

ÅHydropower plants

ÅWater flow in rivers, flood 
estimates, and such

ÅSediment transport and    
river ice processes



And then suddenly, 
in early 2021

ÅLava flow simulation and 
protection work



Why so 
suddenly?

International 
airport

Reykjavík



Return period?

Years (before 2025)

ÅThe 4 main volcanic systems 
dormant for about 1000 years

ÅActive for tens of years over 3-400 
years



LAVA FLOW MODELLING 
CALIBRATION OF PARAMETERS
SIMULATION VERSUS REALITY



New version came out in December 2020 
Ą Rheological models added

Pros:
Å Quick setup in 2D 

Å Fast computation time

Å Easy to test barriers

Cons: 
Å Highly simplified flow

Å Calibrated properties kept constant within each 
simulation

Å No cooling and no solidification simulated  
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Lava flow simulated as a Bingham fluid

Interpretation of calibrated parameters

Å Viscosity

Å Property of the fluid part

Å Yield stress

Å Represents the visco-elastic layer and 
other restrictions on the surface

Visco-elastic crust, sufficiently 
strong and elastic to resist 
rupture with pressurization

Fluid core



Before the first eruption
Å Calibrated to old lava fields on Reykjanes Peninsula

Å Volume (0,13 km3)

Å Flow used, steady state 300 m3/s

Å Thickness goal 2-15 m

Result:
Å Viscosity10.000 Pas

Å Yieldstress 200 Pa

Calibrated lava parameters



ÅSlowandthick lava
Viscosity10.000 Pa s
Yieldstress 2000 Pa

ÅFast andthin:
Viscosity1000 Pa s 
Yieldstress 500 Pa

ÅVeryfast andthin:
Viscosity1000 Pa s 
Yieldstress 100 Pa

Sundhnúkur fissure, 
December2023, first 5 hours

Calibratedto the:

Fagradalsfjall 1st eruption, 
March2021

Fagradalsfjall 1st eruption, 
June2021

14. May 2021

1. June2021

29. May 2024

Calibrated lava parameters
Waterasa comparison

Viscosity0,001 Pa s
Yieldstress 0 Pa

(!Ψŀ)

(Pahoehoe)

(Shelly
Pahoehoe)



Example: Fagradalsfjall, July2023 

Cross section

Cross section

Length along the section  [m]
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Comparison between model results and measured data

White line shows
measured, actual

lava field

Color filled area
showspre-

simulatedlava field
Original terrain

Modelled lava surface

Measured lava surface

Comparison between model results and 
measured data, area covered by lava

Eruption
fissures, 
red lines



Longitudinal section

Length along the longitudinal section [m]
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ÅSlow and thick lava

Good fit for the first 9 days 

Example: Fagradalsfjall, July2023 



ÅSlowandthick lava
Viscosity10.000 Pa s
Yieldstress 2000 Pa

ÅFasterandthinner:
Viscosity1000 Pa s 
Yieldstress 500 Pa

ÅVeryfast andthin:
Viscosity1000 Pa s 
Yieldstress 100 Pa

Sundhnúkur fissure, 
December2023, first 5 hours

Calibratedto the:

Fagradalsfjall 1st eruption, 
March2021

Fagradalsfjall 1st eruption, 
June2021

14. May 2021

1. June2021

29. May 2024

Calibrated lava parameters
Waterasa comparison

Viscosity0,001 Pa s
Yieldstress 0 Pa

(!Ψŀ)

(Pahoehoe)

(Shelly
Pahoehoe)



Example: Sundhnúkar - February2024  

Simulation made during the 
first few hours of the event

Good fit to the first few hours

o Timing of flow front

o Areal coverage

- Very fast and thin flowing

    - Viscosity 1000 Pa 

     - Yield stress 100 Pa

- 250-150 m3/s for 7 hours

White line shows
measured, actual

lava field

Color filled area
showssimulated

lava field



Example: Sundhnúkar - February2024  

- Fast and thin

    - Viscosity 1000 Pa 

     - Yield stress 500 Pa

- 250-150 m3/s for 12 hours

Simulation made later for 
thickness comparison

Cross-section 

Length along the section [m]
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]

February lava surface: 
Measured, blue
Simulated, yellowOriginal 

terrain

March lava surface: 
Measured, light blue
Simulated, gray



DESIGN LAVA FLOW

Before the first eruption
Å Volume (0,13 km3)

Å Steady state 300 m3/s

Å Viscosity10.000 Pas

Å Yieldstress 200 Pa



Sundhnúkar eruptions used

First three eruptions:
Very short duration 

ÅVery fast and thin flow for a 
few hours 5-7

 High effusion rate

 Can flow far in a short time

Å Followed by fast and thin 
flowing lava for a few more 
hours

 Lower effusion rate

ÅEasy to simulate

Fast start

ÅSame as the first three

ÅEver increasing effusion rate 
at the beginning between 
eruptions

ÅEasy to simulate

Slower tail

ÅCan last for weeks 

ÅVery low effusion rate

Å Lava ponds can form

Å Thick and slow-moving lava

ÅChallenging to simulate

Å Lavas limited in length

Next three eruptions, two phases:



The eruptionsin numbers

When(start) Effusionrate Duration Volume
Area

covered
Av. 

thickness
Start* Average

Year Month Day m3/s m3/s days km3 km2 m

Mt. Fagradalsfjall volcanicsystem
2021 March 16 5 9 183.0 0.15 5 30.0
2022 August 3 20 9 17.0 0.014 1.3 10.8
2023 July 10 40 9 21.0 0.016 1.5 10.7

Svartsengi volcanicsystem
2023 December 19 300 65 2.3 0.013 3.4 3.8
2024 January 14 200 20 1.8 0.003 0.7 4.3
2024 February 9 600 120 1.0 0.011 4 2.8
2024 March 16 1000 7 54.0 0.034 6.2 5.5
2024 May 29 2000 22 25 0.045 9.3 5.0
2024 August 22 3500 45 15 0.058 15.8 3.6
2024 November 20 1250 33 17.0 0.049 9.1 5.2
2025 April 1 200 16 0.3 0.0004 0.23 1.7

*Roughly estimated ς 
further analyses underway

Original design lavas:               300              300               5-7          0.13                     2-15



Designlavas

ÅSlowandthick lava
Viscosity10.000 Pa s
Yieldstress 2000 Pa

ÅFasterandthinner:
Viscosity1000 Pa s 
Yieldstress 500 Pa

ÅVeryfast andthin:
Viscosity1000 Pa s 
Yieldstress 100 Pa

2500 steadystateup to 6 hours

3300 unsteady

Effusionrate/time

100-150 m3/s

Steadystatefor a week

Currentlywe are usingapproximatly

2500 steadystateup to 24 hours

3300 unsteady

Testing few fissurelocationsandlengths

Elevationdesign

Layoutdesign

Time for 
evacuation



INFRASTRUCTURE PROTECTION



Can we protect infrastructure?

First steps taken

Review of prior attempts, successful and unsuccessful 

Å Heimaey, Iceland, Mount Etna, Italy, andHawaii

Å Lessonslearned

Review of possible methods

Å Barriers, cooling, bombing

Results:

Å Barriers most likely to work 

Å Cooling can be used as a secondary defense



Can we protect infrastructure?

First steps taken

Review of prior attempts, successful and unsuccessful 

Å Heimaey, Iceland, Mount Etna, Italy, andHawaii

Å Lessonslearned

Review of possible methods

Å Barriers, cooling, bombing

Results:

Å Barriers most likely to work 

Å Cooling can be used as a secondary defense

The design

Å Design principles for hydropower dam design, 
adjusted for lava

ÅWorkability considered, based on necessary and 
or available machines

Å Combined effort from geotechnical engineers and 
fluid mechanics engineers



Test barriers in 2021

Five in total
Very useful results 

Å Confirmation of prioritizing 
diversion barriers over dams

Å Slow moving, thick lava can rise 
well above the top of a barrier 
without overflowing

Å Fast and thin flowing can flow over 
a barrier shortly after it rises above 
the top

20 May 2021

22 May 2021


