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Corrosion and scaling issues

Average Corrosion Rate Maximum Pitting Rate (See Paragraph 2.5)
mmiy™ mpy™ mmly mpy

<0.025 <0.13 <5.0

Low

Moderate 0.025-0.12 1.0-4.9 0.13-0.20 5.0-79

High 0.13-0.25 5.0-10 0.21-0.38 8.0-15 & i

Severe »0.25 =10 »0.38 =15 |
=

A mmiy = millimeters per year
B} mpy = mils per year



Corrosion and scaling issues

Earth Energy (Geothermal Heat Pumps)

Component Examples

ious s

Low and medium-enthalpy fluids

Component Examples

#

High- enthalpy fluids

Component Examples
ra (Italy), Cerro Prieto
celand)
ilica (and metal-silicates) [usually associated with smal sSvartsengi and Nesjavellir (Iceland), Dixie Valley (USA), Matsukawa,
or medium TDS] Otake and Onuma (Japan), Berlin (El Salvador)
*Heavy metal sulphide salts (with silica and metal- eSalton Sea (USA), Milos Island (Greece), Asal Wells (Djibouti)
silicates) [associated with high TDS]




Corrosion and scaling issues




Scaling and corrosion in Paris basin
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@FLUID

Scaling and corrosion in Paris basin

TDS ~ 15 g/l Harsh (sour) conditions >  Mostly Pyrite (FeS,)
Film forming amines formation due to enhanced
injected [Fe] concentration by
corrosion
[Fe] =0.5 mg/I Sulphide reducing bacteria

-> biocide injection
CO, and H,S - Sour

T=65-90°C

Bubble point ~3-10 bar




Scaling and corrosion in Paris basin

Casing




Scaling and corrosion in Netherlands

] Doublet
Geothermische potentie
B uitmuntend (>Po0)
[ z=er goed (P70-P0)
] goed (P50-P70)
I rogeiik (Pac-P50)
Bl mato (P10-P20)

B zeer siecht (<P10)

mlh'lh—‘

Tertiair Boven Noordzee Groep
Tertiair Onder Noordzee Groep
Krijt Chalk Groep

Krijt RijnlandGroep

Jura Schieland Groep

Jura Altena Groep

Trias Supergroep

Perm Zechstein Supergroep
B Perm Rotliegend Groep

Carboon Limburg Groep
Il carboon Geul Subgroep
I carboon Kalksteengroep

I Tertiair Boven Noordzee Groep
[ Tertiair Onder Noordzee Groep
I ijt Chalk Groep

B «sijt RijnlandGroep

[ Jura Schieland Groep

[ Jura Altena Groep

[ ‘rrias Supergroep

[ Perm Zechstein Supergroep
B Pem Rotliegend Groep

I carboon Limburg Groep

I Carboon Geul Subgroep

B Carboon Kalksteengroep

B Devoon en ouder Supergroep
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Scaling and corrosion in Netherlands
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Scaling and corrosion in Netherlands

TDS ~110 g/ Galvanic corrosion in early ~ Mostly calcite and siderite

wells deposition

[Fe] =30 mg/I Pitting corrosion? —> increase pressure in
Traces Pb surface installation

Gas composition is mainly  Erosion (cavitation) of
CH4, N2, CO2 couplings
T =80-100°C Pb deposition

Traces of oil, aromatics

Bubble point ~20-40 bar
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Scaling and corrosion in Netherlands




Scaling and corrosion in Netherlands

A ; BaS04 @ S0°C

R Dye sl
41 (1]
%

BaSO4 @ 50°C
SI=2

CaCO3 @ 80°C, pCO2=10 atm

HCO3 (mail)

CaCO3 @ 50°C, pCO2=1,6 atm

CaC03 @ 80°C, pCO2=3.2 alm

orygam O | BaSO4 @ 80°C

%
BaSO4 @ 50’*0\

SI=0

20000 10 100 1000 10000
S04 (ma/L)




How to mitigate corrosion and scaling

Surface injection




How to mitigate corrosion and scaling

PUITS TUBE ACIER/COMPOSITES
COMBINED STEEL CASING/FIBER GLASS LINING WELL

MANCHETTE
D’EXPANSION

ANNULAIRE LIBRE
FREE ANNULUS

RECEPTACLE
SIEGE
SEAT

TUBE COMPOSITE ___ |
FIBERGLASS CASING CENTREURS
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How to mitigate corrosion and scaling




Monitoring

Well logging

Coupons analysis

Iron content
Corrator (LPR)
Test kits

Ge




Monitoring

Well logging
Coupons analysis

Deposit analysis
(XRF, XRD, SEM,....)

Corrator (LPR)

Monitor ionic
concentrations

Measure chemical
parameters (pH, ...)

Monitor particle
concentration
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Concentration

SCALING SOLUBILITY.
SUPERSATURATION DIAGRAM

Labile region
(precipitation)
=~ C
T >
Metastable . . "0 T = ms oo s

Stable region
(no precipitation)

5

S=1, solubility curve

Temperature (or pH)



Ca®**+ COZ <« 2CaCOs; (solid)
Langelier-Saturation-Index (LSI)

LS|l = pH-pHs

pHs = (9.3 + A + B)-(C+D)
where :

A = [log(TDS)-1])/10

= -13,12 x log © + 34,55
C = log[Ca 2+]-0,4
D = log [alkalinity)

TDS in mg/L

O, temperature in K

Ca** as mg/L CaCOgs;
alkalinity as mg/L CaCO;



