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Buried Metallic Infrastructure: Corrosion

Overall corrosion cost:
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Focus since 1920’s .... yet it remains the cause of extensive monetary losses... to get worst by climate change



What Should be Done Different?

Current efforts - high resistivity, low bioactivity
Artificial ground, grouts, coatings, cathodic protection.

BASED ON THE ASSUMPTION THAT SOILS ARE THE
ELECTROLYTE IN OUR CIRCUIT

Coarse
Soil




Metal Corrosion in Soils
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What Should Be Done Different?

Current efforts - high resistivity, low bioactivity
Artificial ground, grouts, coatings, cathodic protection.

BASED ON THE ASSUMPTION THAT SOILS ARE THE
ELECTROLYTE IN OUR CIRCUIT

Coarse
Soil Multiple and interconnected
phenomena in porous
media makes the study of
buried metal corrosion a

very complex problem

Current advanced characterisation techniques allow for a better
understanding of the electro-chemo-bio processes that occur at the soil-
metal interface - make use of available anti-corrosion resources

Corrosion prevention solutions should consider particular soil and environmental conditions
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1. Resistivity—=> Moisture, Saturation, Salinity?

2. Dynamics: Moisture Cycles

4. Soil Mixtures

5. Laboratory and Field Investigations: Resources

6. Ongoing Research
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Corrosion in Buried Metals: Moisture?

Corrosion rate [um/year]
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Corrosion in Buried Metals: Saturation
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Salinity?

Figure: GM Castro et al. (2024)



Study #1: Saturation vs. Salinity

61 samples using clean sand
Two pore fluids:
- Dl water
- 0.7 M NaClbrine
Spanding from 0- 100% saturation
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Study #1: Saturation vs. Salinity

61 samples using clean sand
Two pore fluids:
- Dl water
- 0.7 M NaClbrine
Spanding from 0- 100% saturation
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Study #1: Saturation vs. Salinity
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Study #1: Active area: X-ray CT

Sediment Coupon
particles

0.97 mm

Corroded metal in 30% S specimen Particles, fluid and air around coupon

Castro et al. (2024)



Study #1: Active area

Normalized active area A, [cm?/cm?]
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Study #1: Transport Controlled
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Study #2: Salt Accumulation- Enhanced Evaporation

Dry air breeze
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x 8 cells:
- 5:1-8weeks
1: proposed solution
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- 2:Monitor electrical conductivity

Castro et al. (2026)
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Study #2: Conductivity= Saturation & Salinity
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Study #2: Conductivity= Saturation & Salinity
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Mass loss [mg]
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Study #2: Mass Loss Measurements & Prediction
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Study #2: Mass Loss Measurements & Predictions
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2. Dynamics: Moisture Cycles
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6. Ongoing Research
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Corrosion in Buried Metals During Moisture Cycles
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“Dry” after 190 days

Fully Saturated after 190 days
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Corrosion in Buried Metals: Concurrent Processes Time Scales

Physical processes with competing timescales:
(1) the duration of the saturation period: i.e., rain duration and water table oscillations
(2) time for oxygen diffusion or enhanced transport to the metal surface — Oxygen always available

(3) time for the residuals to transport away from the buried metal: sediment effective diffusivity or related accelerated
transport. — Highly dependent on saturation
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Corrosion in Buried Metals: Concurrent Processes Time Scales
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Corrosion in Buried Metals: Mixtures

Sediment Specific szurface Electrical conductivity* | Buffering capacity
S, [m /g] o, [mS/m] k, ork,
Silica sand 140 k =99.5
Silica flour 0.5 44 k =28.47
Kaolinite SA1 13.0 36 k, =75

Kaolinite RP2

k,=23.75

Bentonite ka =572.14

Bentmte

451 samples =2 12-week exposure time

Sand-silt
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Sand-controlled mixtures Transitional mixtures Fines-controlled mixtures
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Corrosion in Soil Mixtures: Fines Agglomerates
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Corrosion in Soil Mixtures: Active Area
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Corrosion in Soil Mixtures: Who Drives Corrosion?
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Soil Corrosivity Assessment: Saturation
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| Corrosivity Assessments vs. Measurements
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Corrosion in Buried Metals: Bioactivity - Opportunity?
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Corrosion in Buried Metals:

Towards buried metal
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#1 Soil Corrosivity Assessments: Learnings

Water level fluctuations

yes Ni

Assess transport dynamics pH
pH<7 pH=7
\ \
: : 2
Acid Corrosion 1.Pore connectivity > Soil type
A 2.Microorganism type - SRB, APB, IRB

certain types of microorganisms » 3-Nutrient availability -> i.e. sulfates

4.Typical residuals > Sulfides

yes no

Oxygen Reduction

v

1.0xygen permeability = Soil type and saturation

Microbially Influenced Corrosion

2.Active area - Soil type and saturation

3.lonic transport = Soil type, saturation and elec. conductivity

limited oxygen & buffering capacity 4 Buft
B ISSSoSooSIinsoooooooisoooiosooooooes » 4 Buffering capacity
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#1 ML-enabled Probabilistic Approach

s<7/.5,./2\33=7.5

e

t/ Buf_cap<10; \B\uf_cap>=1 0

Aa<0.825 2\ Aa>=0.825

Class probabilities:
H=0.311

L =0.0889
M=0.6
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#2: Bio-based Corrosion Protection

DESEQHEd B,Dﬁ!m B In-situ formed protective layer

[ Carbonate precipitates
%y Native microbial cells

Low-energy, self-adapting corrosion mitigation strategy:
* reduces material intensity

« complements existing cathodic protection systems

« tailored to site-specific soil conditions.

Transform a corrosive environment into a protective one
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#3: Effect of Corrosion in Metallic Piles

UK Government’'s goal: decarbonise
electricity by 2030 - x2 onshore wind
by 2030, and x5 solar by 2035

Onshore

Un-saturated conditions

Current assumption: Provide
sacrificial thickness - How
dangerous is this in dynamic
systems? (i.e., groundwater
changes, flooding)

Offshore

High microbial action

Current assumption: Corrosion
enhances soil-pile strength >
How brittle corrosion residuals
react to fatigue?

B 1 N Our World
Global primary energy use by source
Measured in terawatt-hours of total energy supply.

180,000 TWh Other renewables
Biofuels
160,000 TWh Solar
Wind
Hydropower
140,000 TWh Nuclear
Gas
120,000 TWh
100,000 TWh
Qil
80,000 TWh
60,000 TWh
40,000 TWh
Coal
20,000 TWh
Traditional
OTWh | ; . : | biomass
1800 1850 1900 1950 2000 2025
Data source: Energy Institute — Statistical Review of World Energy (2026); Smil (2017) OurWorldinData.org/energy | CC BY

Note: Other renewables include geothermal, biomass, and waste. Traditional biomass is included but, in the absence of more recent data, it is
assumed constant since 2015.



Corrosion

A very complex problem that should be tackled by joint multidisciplinary efforts...
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Latest updates, events, training and resources
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