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Motivation

Before Fracking During fracking During production
, , Water + chemicals, the cells will If microbes are surviving
Aerobic (or facultative), : -
) have a new source of nutrients. underground, thermophilic and
photosynthetic, accommodated s - . :
©| in Fast-kill biocide to protect the halophilic species will come out
O low salinity. fracking fluid properties. In surface, biocide treatment will
be required for the length of Continuous
One time : :
e production to control souring and Recurren H,S
bioclde dose corrosion. biocide scavenger
dose injection
W ith the creation of channels, _ SRB, APB, and other mlcrobes

RREREER R RN 7 carbon and nutrients are released % will produce components that
:  and favors microbial growth, accelerate the corrosionand
halophilic and thermophilic. 2 especially those organisms capable which could result in reservoir
Limited growth due to the low ¢ of surviving the reservoir conditions. souring.
permeability, no access to
nutrients and little space for
cells to grow.
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Background — Shell Operations in Vaca Muerta

L

'a Rincon La Ceniza

| Bajada de Afielo
. Cruz de Lorena
-

Coiron Amargo Sudoeste
Ty

Sierras Blancas
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J Harvest Areas

SB/CdL/CASOblocks (~90% Shell)

Black Oil (93% Black Oil, <10 %WOQ

Early Production (12,000 bbl/ d Pilot Capacity)
70,000 bbl/d 10+ years plateau potential

O Appraisal Areas

BAnN (50% Shell), LEstRczablocks (45% Shell, Total operated)
Wet Gas and Volatile Oil

1 Oil wells studied

Data gathered in 2017, 2018 and 2019 in 3 black oil blocks and 1
volatile oil block, all operated by Shell

23 wells studied, 22 located in SB/ CdL/ CASO, producing hydrocarbons
through Early Production Facility (EPF) in SB and 1 located in BAn



Monitoring Techniques Description

Serial Dilutions
APB

R

lii

SRB

Ref.: Science
273:1795
(1996)

No
cultivable

Planctonicos

Results sensitive to different suppliers
Salinity considerations
Time consuming to get results

ATP
ATP: universal molecule for energy storage/ transport in the living cells

H‘-L Indicates microorganisms presence/ cell activity
PpY. A N ot specific technique
Molecular Biology
Reino Bacteria . .
Filo Proteobactera Quantification by qPCR- allows for total counts of living + dead cells

Classe | Delproteobacteria Specific according the primers used

Ordem Desulfobacterales

NGS - next generation sequencing:identifies % of each Genera / Class
according the taxon used

Familia Desulfobacteraceae

Género | Desulfobacter

Espécies | D. Hydrogenophilus

’°

Ref.: White, Manual de
Microbiclogia Ambiental
91-101 (1997)

| Cultivables
/7



Monitoring Techniques Description
Sulfur Isotopic Analysis

RED CHUCK

i' -

W

| ']
\ﬁ-"

DELIVERY PRESSURE
ADJUSTMENT

FILTER KNOB
IsoTrap

Sampler

IsoTrap

OUTLET
GAUGE
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Sulfur isotopic analysesare designed to help identify the source of H,S, determining
determine whether the sulfide gas produced comes from microbiologic metabolism or

from naturally occurring reactions in oil and gas reservoirs

34¢ /326 _ (345 /326
( / Jsample ( f( )standard + 1000

534S =
(345/325}5mndard

H,5 Required
Concentration Volume
5 ppm 500L
50 ppm 50L
500 ppm 5L
5000 ppm 05L
5% 0.05L

ad

initial

adil’

complete

& S SULFUR ISOTOPE SCALE
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Bioaudit

P ®

Production Management

Workflow Results Strategy
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Sampling Overview

Source
water

Fracking
fluid

Additives

Production, several dates

L4

Sampling conditions:
Sterile flasks
N o oxygen

ATP measured on site
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Cells containing DN A filtered and preserved on the field



Cell/ml

Bioaudit

ATP & gPCR Results

Source water: mild

1E+08 o . < 1E+06 contamination typical for river
H Source Fracking Additives Production 3
1E+07 I - - [ Total bacteria/ mL ] Water
? B | — [ Total SRP/ mL 4 1E+05
1E+06 Ezl ] f/ [ Total Archaeal cells/ mL Fra Cklng: medlum
: B —e—ATP 1 1E+04 contamination, unaltered by the
1E+05 a : € biocide used in this stage
1 ~
1E+04 | 1E+03 &
5 < Additives: medium
1E+03 ()] . .
5 1E+02 & contamination, unusual
1E+02 | presence of archaea
i 1E+01
1E+01
i Production: February to June
1E+00 == P . B 3 5 3 = B 3 = T 1E+00 results has a decreasing
- -— le)] X .
g § E 5 3 = < < = = < = tendency, high concern for the
5 & 5 5 ? 2 = = = = = N current presence of SRPand
= = = =
» g z 3 ke 3 3 ke archaea that cannot be
3 O o (&) 3} o
reverted
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Bioaudit

Bacteria DNA Sequencing Results | Fracture Samples

| Pseudomonas B Comamonas  Acinetobacter
W Enteric_Bacteria_cluster Chrysecbacterium Micrococcineae
B Sphingobacteriaceae B Lactococcus W Clostridium
" Rhizobium H Cloacibacterium Pseudomonadaceae_unclassified : :
m Sulfurospirillum u Stenotrophomaonas W Azomonas Corrosion risks
Comamonadaceae_unclassified B Agromonas " Enhydrobacter

- I I ~45% Acinetobacter, pseudomonas
ol I e ~949%  Acinetobacter

v, ST . B BBl ~269% Acinetobacter, Chryseobacterium
o I BUEN  ~28% Acinetobacter, Pseudomonas

Crosgsgrked _ _ . . ~4 9 % Pseudomonas, Acinetobacter,

Chryseobacterium

Croslinker ] BBl ~/7% Pseudomonas, Acinetobacter,

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Results and Biocide Selection

THPS + Quaternary ammonium Peracetic acid Glut + Quateranary ammonium

100% 98% 97% 98% 97% 100% 9305 28%. . 99% 97% 97%  guo,  96% 98% 99% 100% 96% 98% 99% 96% 98%

90% 88% I1% 90% agy, 90% 90%

81% 0%
80% 80% 0%
70% °7% 63% 70% 0%
60% 60%
50% 50%
40% 40%
30% 30%

2 B Glutaraldehyde + quaternary ammonium
1

“§§§§§”‘"’

20% B THPS + quaternary ammonium m Peracetic aud
o I I I I I I I

10%
o I I I I I I o o
50 ppm 150 ppm 250 ppm 50 ppm 150 ppm 250 ppm 50 ppm 150 ppm 250 ppm

Treatment Strategy for New Completions:
Glut + quaternary ammonium at 250 ppm was selected considering that the
same combination was used by Shell in the Permian operations
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Production

Results
Microbiologic Results = — Production
40000 ® @ Bajada de Afelo
@ Coirén Amargo Sudoeste
10000 o © @ Cruz de Lorena
® () Sierras Blancas
4000 _
’ £
+ N Acceptable
1000 ® ) | maximum
Y 400 — " == & - level of ATP
e _
2 100 - = : Industry
o 10 ® standard
= . KPI
- 10 e ¢
® e
4 ®
L
1 ¢ @ ®
- ~— o L8 ] by NN o™ i wn [(s g (08 ™ e § w o g (n8] [8)] o -
o o o o (@] o o (& ] (] (o] (= o o o o o (= o (] — —
= = = H = H H H = = H: = = = = = F= H: = H E
? © © ©®© © © ©®© © ©® © © © © © © © © © © ©°© °
Z ¥ 2 ¥ 2 2 2 2 2 = 2 2 2 = 2 = 2 = 2z =z =2
C — — . .| — - —J = m m m m m m m m m
$ 2 2 2 33 3 333330688 6 6 6 6 6 o
O O O

Producing Well + ISOTRAPResult + +
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Production

Results
5 S SULFUR ISOTOPE SCALE

Microbiologic Results = — Production
40000 ® @ Bajada de Afielo
.Gﬂil‘ﬁ:ﬁn ﬁtl'r'lﬂl‘gD SUdﬂEEtB HaS Biogsnic Combiration Maturalhy Cocurrirg
A0 te+0
10000 e © @ Cruz de Lorena
, 4000 ® () Sierras Blancas :
+ ® N Acceptable
1000 O ° > | maximum
* 400 & © ® ® - level of ATP
- o o
= _
100 — In
g > = - dustry
= 40 ® standard
= * o KPI
& 10 -
® £
4 ®
®
®
' #
[=] (=] (=] (=] (=] (=] [=] o [=] [=] [=] [==]
~ < ® ol @ & oll =l @l 21| = o>y
(op] ) v Ty ™ ™ oD (8)] Ty ] o o o
3o|h solzolzdlzdlzdlEg zolzdlEglEdlEdlzE Tl T3 TS T
=E |2 zx|lzw|zH|zH|zH5]|z5] z®|zH |29 |z35]|zF]|z=5] =& |=9] =& 2z =
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Production
Results

: : : : Biocide injected during fracture
Microbiologic Results Production s e
40000 ® New treatment strategy —— @ Glutaraldehyde + Quaternary Amonium
@ No frack biocide
10000 ® ® TTPC
4000 @ Unavailable data
+ o - Acceptable
1000 ® ® maximum
* 400 o o © P level of ATP
2 *
‘:E‘n 100 — — Industry
= o o
= 40 standard
< o ® 8 . KPI
O ® o
4
@
* *
1
=N =R o lifcifolilr o EnlEeiEEniEnlE=En [@]
~ < |l el 2|l = sli=llell2|l= o
[ob) T A ['p] ™ ™ (ad ] (8) ] o o Ty (8]
20 R0 OSEd zoldlEd|lzdlegd so Ro|lES|E3ESllzS| 2olec] 3 o2 O &
z® 2% 2|25 2229|289 |=9H|=2F 22 EE|RE|EE|[EE 5 =2 |29 =€ 2% =%
c = =1 I I — — — — | i m m ) m m (i} o o
= CAC2°:8 08 BUEIEIEIS Bl P P o o o o
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Production
Results

: : : : Biocide injected during fracture
Microbiologic Results Production i
40000 W New treatment strategy—» @ Glutaraldehyde + Quaternary Amonium
—_— @ No frack biocide
10000 & & TPC
4000 O @ Unavailable data
+ ® . Acceptable
1000 o . ) O 4 .\ maximum
Y400 — v @ ®© ® level of ATP
2 . |
@ 100 = ~ — Industry
o 40 “ ® standard
= o e ®*| g “ KPI
10 * = o o o
4
o
® o
1 \_ J . J \_ J
=R o lifcifolilr o EnlEeiEEniEnlE=En [@]
< |l @|] @|] < Sil=lHell2]l]~= o
e} A ['p] ™ ™ o) (8) ] o o Ty (8]
Do S8led zolzglz d|E S %%ﬁ% solES|lEIRESES 25|28 23 TS o
=% <HE|ZEF =R |ZH|=ZH|=H]|= SHEFIEFELEFSEEREIEZEE 2 R|Z=H 2% 23 =8
c =2 |2 EIEIEIH=zI12 EBE Ik |k |k |k | @ | @ m
< © 20 138 Bl lS8 B dp lp lp o pjo o o

ProducingWell + ISOTRAPResult + + +«
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Results

c
ie]
k3]

=]
S

)
o

H,S Results

.1l Bajada de Anelo

.|| Coiron Amargo Sudoeste

1l Cruz de Lorena
.1/l Sierras Blancas

(o]

a +

Sales gas
specification

wn < ™ N ~— o

& ([wdd] aseyd seo u SZHIBAY

LL# II9M 9S

OL#1I8M gS

60# lIPM gS

80# IePM g8

LO# IIPM S

90# lIeM gS

GO# lIPM gS

vO# II3M S

CO# lI°M gS

CO# lIeM gS

LO# lIPM gS

80# IBM PO

LO# IBMTIPO

90# 1I”M PO

GO# lIPM PO

YO# I8M 1PD

€O0# IBM PO

CO# I”M PO

LO# IIBM PO

€0# lIBM OSYO

CO# lIeM OSYO

LO# IIPM OSYO

LO# ll9m uy'g

ISOTRAP Result «

Producing Well
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+ -

Avg(H2S in Gas Phase [ppm]) =

H,S Results

3,70

BAn well
#01
CASO
well #01
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CASO
well #03

CdL well

4,40

#01
CdL well

Production

Results

& **$ SULFUR ISOTOPE SCALE

.1l Bajada de Arelo
.1l Coirén Amargo Sudoeste
.1l Cruz de Lorena

. Hz& Bioge nic Combiration Maturalhy Cecurrirg
.1/l Sierras Blancas 10 toH0

Sales gas
specification

o - o o o o o = -
@ @ cllallall=lle]|| © 3
— o o o = » Ty Ty' »
-—
NE® ==~ I= oll= <|ll= all= <ll= 2ll= v === =0 =«
o [ =] = | =] | =] | =] | =] | =] o o — —
RI2E I 2RIERIERUERNESNE WS 2 R[5S 2R 2% 2%
— 22 2 |2 |l [l [l |l % @® % % %
5 I8 B Il® |l [l |# ||© %)

Producing Well + ISOTRAP Result ~
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+ -

Avg(H2S in Gas Phase [ppm])

H,S Results

6
5
4
3
2
1
0

S

&

= =)

2R2[2¢%

£ |53

o =

CdL well |
#01 4 40
CdL well

Copyright of Shell International

(=]

Biocide injected during fracture

o1l Glutaraldehyde

o1l Glutaraldehyde + Quaternary Amonium
.1l Isothiazolinone

.1l No frack biocide

al TTPC
o1l Unavailable data

New treatment strategy—»
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o e o e |6 b 2P 1@ 1<

Producing Well ~

ISOTRAP Result ~

SB well

#07

SB well

9,90

#08
SB well

Sales gas
specification

#11

#09
SB well
#10
SB well
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4+

Avg(H2S in Gas Phase [ppm])

H,S Results Biocide injected during fracture
o1l Glutaraldehyde

New treatment strategy——— gl Glutaraldehyde + Quaternary Amonium
.1l Isothiazolinone

6 .1l No frack biocide
s 4 alTTPC
o1l Unavailable data
4
3
5 Sales gas
specification
1
0
O | =R =N = oI © o
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Producing Well + ISOTRAP Result ~
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Bioaudit

Bacteria DNA Sequencing Results

Fracture & Production Samples

Pseudomonas B Comamonas m Acinetobacter
W Enteric_Bacteria_cluster Chrysecbacterium Micrococcineae
B Sphingobacteriaceae B Lactococcus W Clostridium
" Rhizobium H Cloacibacterium Pseudomonadaceae_unclassified
m Sulfurospirillum u Stenotrophomaonas W Azomonas
Comamonadaceae_unclassified ¥ Agromonas " Enhydrobacter

Fracking Fluids el B e o § N
106- 107 cell/ml. Mostly aerobic

genera, almost 10-27%

Acinetobacter (APB), 8% BSR. '~ I 4 B Jlll

T S Il BN R |
gel

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

CdL Well #06 Production CdL Well #08 Production

2x105 cell/ml. Almost 80% Clostridia. Involvement in sulfur cycling and 5x104 cell/ml. 80% Burkholderiaceae and some Clostridia. Potential to be
sulfide production. sulfur oxidizing.
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
- . - . . ipe Burkholderia M Bacteria_unclassified M Clostridiales_unclassified
= CIOStr.Id.IaI?S—unCIaSSIﬁEd M Clostridlaceae_unclassified . Baallacea.e_unclassﬁled Burkholderiaceae_unclassified H Burkholderiales_unclassified m Betaproteobacteria_unclassified
= Proteiniphilum m Enterococcus = Anoxybacillus B Bacillaceae_unclassified m Clostridiaceae B Thermoanaerobacter
m Alkalibacter M Exiguobacterium B Thermotogaceae_unclassified -

. H Anoxybacillus W Porphyromonadaceae_unclassified ® Tepidimonas
B Geosporobacter M Incertae_Sedis i Py - P



Management

Strategy

Microbiology Control Strategy — Operations
CdL Monitoring
A H,SScavenger continuous injection 1 m ISOTRARest are done once per well
® Blocldebatch injection Al Cd m Kill testsare done once a year
@ Biocidecontinuous injection 21 _ _ o
m Bacteria serial dilution brothsand
CdL H,S are measured once per quarter
Firewater tank 35 on all water storage vessels and tanks

m ATPmeasuring technology is now

Inlet separators i ?ASO l available at the EPF laboratory

Standard well pad configuration
e 5 2 ) EPF Control

. = m H,S scavengerinjection pointin well
A 2 pads far apart from EPF
m Biocidebatch and continuous
injection rates are adjusted based on
\ J monitoring results
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Conclusions
m Full microbiological inspection, including analyses on fresh water, frack fluid and later flowback and

produced water, is highly recommended for fracking sites
B Biocide treatment is recommended to prevent the early appearance of SRB, APB and H,S in the
production system

m Proper surveillance program and microbial control strategy includes
m Kill test analyses for produced water, well interventions and fracture fluids;
m Continuous and batch injection of biocide on production operations;
m Quarterly serial broth/ ATP monitoring
m |sotopic analysis of H,S in produced gas

m DNA sequencing screening

B Glut/ quat biocide treatment strategy was proven effective in controlling microbes throughout the

entire process
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