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Introduction

All Dutch geothermal systems contain bacteria

Reservoir

Sample type

Bacteria present

« Presence of bacteria can have a major impact Triassic Production water v
Delft Production water v
* Surface installation & Well integrity issues Rotliegend Production water v
* Micriobiological induced corrosion (MIC) Self oroduction water ;
* Injectivity decline Rotliegend Production water v
* Biofouling Dinantien Production water v
* Scaling through SRP’s Brussel Production water v
* Reservoir souring
* Sulphate reducing Prokarioten
* Forms Sulphides and H,S
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Introduction

So how many microbes are
in Geothermal Systems?

Nell Water Alr
1083/gram JBOmL 103/ m3
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Introduction

Up to Soil Water
1010/gram 108/gram 10¢/ml
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Methods to Identify

1. Injectivity decline

Field example 1 Field example 2

Flow rate [m3/h]

——— Injectivity [m3.h/bar]

——— Injection pressure [bar]
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2. Solids

Methods to Identify

Difference between surface solids and subsurface solids
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Solids found in filter
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Solids found in well
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Methods to Identify

3. Visual inspection

2317.04 M
13:12:46
21 APR 16
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Field example 1

Sulphate reducing, anaenobic,
#1381 640,87% | Desulfofomocwum halophiurm nalophilic, able to grovr
autoiroprically.
Sulphate reducing, anaenobic, able
23137 1541% | Desulfofomacuwium geoiermicurm to grove autoirophicolly
JGecthermal ground vigter
2 . Anaerobic, holophilic
<& Fa 8.28m Halanaerabium congolanse Jpefrcleum crude ail
a715 . Peptostreptococcoceas boactemum Angerobic, often feremmtotative
' Col 11 Koo el Wetand
SalHoving, angerobic, some
2582 1,72% Haolangerobium praeyalens D1 2228 sulphaote reducing
JfGreat solt Lake sediment
o014 | a4m Gelia mica lhermnprilc._unqemtxc, syrirophic
g Jory angenobic digester
1668 1L11% Halanaerokium lacusrosed nypersaline loke
1468 0,78% Desulfoncspons 5o, AAMNDS mud velcano
ans SPHY
e 1396 0.73% Paenibaciius pocheonensis biogas I7 samiple
7758_002 2Back 3 1252 0,83% Desulfunbacilus akalorsenafis leachate seciment
by} 0,445 Marinilobilio nifrafireducens
i) 0.59% Desulfotomocwium sp. BEM12 pit g
. . microbial bicfuel call inoculated v/ith
488 0,33% Holangerchkium hydrogeniformans ion-recucing cutiure from sediment
471 0,31% Haolangerchium congalenss produced viater
416 0,28% Desulfotomocwium ancticum Sea
06 0,20% Desulfovitrio putealis
Gy, - N thermophilic chicken dung - ooy
"%81% 242 0,14% Garciefia nirofireducens slumry fermentation
236 0,14% ?;:;] Sfomacuium gibscnioe DI poplar biomass
Guemero Negro Hypersaline Lyat 03;
mog 015% Peptostreptococcoceas bactemum affitucie 310m ALISL sample depth
5 ' col 11 1m pelovs veater level, 2-3mm depth
3 into the mat
>
] t’—‘s 208 0,14% Holangercbium hydrogeniformmans Loke Forda sediment
%s,m o7 0,14% Marinikobilio salmonicolor JCM 21150 copper poliuted sediment
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ield example 1

1% Biofouling

78% SRP

~ 20 % MIC

10 DAP Symposium — Microbiology in Dutch geothermal systems

» Injectivity decline

» Reservoir souring, Scaling

» Well integrity issues
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Reads

nr.

olafien source

Sulphate reducing, anaenobic,

1381 &0,87% Desulfatomacwum halophiurm nalophilic, able to grovr
gutoiroprically.
Sulphate reducing, anoenobic, able
23137 5,41% Desulfofomacuium QeoiferTmicUrT to grove autoirophicolly
JGeothermal ground viater
" . Anaerobic, holophilic
9 L H p
A0 6,248% olangercbium congalenss Jpeiroieum cruas oil
a715 . Peprostrepiococcoceas bactemum Anaerobic, often feremtataive
’ = caolll Jeoc- el wetand
SalHoving, angerobic, some
2582 T Holangerchium praevalens D1 223 sulphate reducing
JfGreat solt Lake sediment
014 a4 Getiz gutamica 'herrﬁ:ph‘llc._aﬁqer:blc, symirophic
Jfdry anoerobic digester
1668 1,11% Haolanaerobium lacusrosed nypersaline loke
1468 0,78% Desulfoncspons sp. AAMNDS mud wolcano
1396 0.73% Paenibacilius pocheonensis biogas I7 samiple
1252 0,83% Desulfunbacilus akalorsenafis leachate seciment
FRE 0,548% fonilobiio nifrafirecucens
B0 0,57% Desulfatomacwium sp. BEN1Z pit Mg
. . microbial bicfuel call inoculated v/ith
H i o - - =
4EE 0,33% Qlangercoium hycregeniomans iron-reciucing cut from sedment
471 0,31% Haolangerochium congalenss produced viater
416 0,28% Desulfotomocwium anchicum Sea
s 0,20% Desulfovitric putealis
f . thermophilic chicken dung - ooy
man -
247 0,14% Garcieia nifrofireducens sturry fermentation
D f iEsoni ] .
mag 0,14% :f.sa_'rfmcrr.acn...l_'ﬂ'l gibsonioe DSk soplar biomass
Guemero Negro Hypersaline Lyat 03;
mog 015% Peprostrepiococcoceas bactemum offitucie 310m ALISL sample depth
- ' col 11 1m belovs veater level, 2-3mm depth
into the mat
08 0,14% Haolanaerobium hygrogeniommans Loke Fonda sediment
207 0,14% rarinilobilia salmonicofor JCrs 21150 copper polluted sediment
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Field example 2

Relative

Abundance Common

Metabolic Basis

Microbial Commumnity
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(%)

Source

Methanobacterium sp. . Archeal, non-motile anaerobic, organic Sm.‘“‘q“‘“_"ﬁﬂ
biomass digestors, methane producers 'E"E":E'B '
Strictly anaarobic, gram negative bacterium, caling and
single polar flagalium. Sulphate reducing .
Desuifotignum sp. 18% prokaryote (SRP) which has the potential to hyparsaling
daminata in camosive communities watars
Strictly anaerobic, gram negative club-
shaped bacterium, Sulphate reducing
W 13% prokaryate (SRP), utilisas glycolic acid 858 | Marine sediments
nlicos key substrate (electron donor and carban
sourca)
Anasrobic, motile sulphate reducing Maring and
prokaryote, inherently linked to MIC fraskwater
Desulphovibrio sp. 12% processes, abundant in bath high-organic systems
material environments as well as in
axtramely oligatrophic habitat
Adapt o highly diverse environmental
Marinobacter 1% conditions, gram negative rod shaped, motile | Marine Waters
Hydrocarbonoclassicus protecbacteria, hydrocarbon dastic so linked
to hydrocarbon degradation
Ref: SGS
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Field example 2

Microbial Commumnity

Matabolic Basis

. . ~ . ) . Aquatic
2 1% B | Ofo u I | ng > Methanobacterium sp. 21% .ﬂn:haal, m_:!n-rnutia anaarabic, arganic Sediments, Soi,
biomass digestars, methane producers =
ewage
Stricily anaarobic, gram negative bacterium, Saline and
. single paolar lagallum. Sulphate raducing .
—> | Desulfotignum sp. 18% prokaryote (SRP) which has the potential to hyparsaling
dominata in cormasive communities watars
0,
31/) SRP Strictly anaerobic, gram negative club-
: haped bacterum, Sulphate reducing
Desulfofusti = - Sruc
e gi}'cnﬁmms 13% prokaryote (SHRP), utilisas ghycolic acid asa | plarine sediments
kay subsirate (electron donor and carban
source)
Anasrobic, motile sulphate reducing Marina and
- prokaryole, inherently linked to MIC frashwaler
o) > Desulphovibrio sp. 1 procasses, abundant in bath high-organic: systems
12 A) M IC materal envirenments as wall as in
axtramaly oligotrophic habitat
Adapt o highly diverse environmental
Marinobacter 1% condifions, gram negative rod shapad, maotila Marine Waters
Hydrocarbonoclassicus profeabadieria, hydrocarbon dastic 5o linked
ta hydrocarbon dagradation
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Field example 3

Water sample Sediment bottom filter

Sediment top filter

Swab filter housing top Swab filter housing bottom
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Good control

Preventive action

Field learnings

Industry standard interpretation guide
e High diversity in main species
 No direct relation between different reservoirs

* Huge difference in species within one geothermal system

Sample location Level of contamination

Flowing water

Stagnhant water

Sediment top filter

Sediment bottom filter

Swab top filter

Swab bottom filter
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Contamination sources

Sources of contamination:

* Human interaction
* Introducing contaminated tools into the well
* Reinjection of produced water

* Reservoir itself

Catalysts:

* Temperature

e Chemicals:
e Corrosion inhibitors
e Oxygen scavengers
* and even biocides....
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Treatment options

1) ldentification of microbes present

2) Treatment plan
e Kill tests
e Sampling interval & location
* Growth rate

3) Biocidal treatment

* Type of biocide
e As far upstream as possible
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Early signs

Changes in system response
* Injectivity
* Filter change-out rate
* NORM
* Water analysis

Key factors:
- lron corrosion product
- Presence of
- lronoxide
- Sulfide
- Silicon dioxide/Calcium oxide
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Advise

Optimise data and sampling analysis protocol including:
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e Water analysis should include

Sulphate/sulphide

Iron

Volatile Fatty Acids (VFA’s)
Total Supspended Solids (TSS)
Silt density index (SDI)

e ATP testing on water and bottom filters

* Trending analysis on injection data

e Gas sample analysis

Hydrogen (H,)
Hydrogen Sulphide (H,S)
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Conclusion

* Prevention is better than treatment

e 2/3 systems are under control

* Available treatment options good when the following is in place:
* Representative microbiological analysis
e Treatment protocol

* Frequent production analysis
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Ayla Reerink
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Ayla.Reerink@veegeo.nl
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