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Motivation

The presence of H,S poses significant risks to
contractors and to the integrity of drilling infrastructure
on site and causes drilling delays (emergency shut
downs);

It is a frequent assumption that all H,S found during
drilling is generated within the reservoir. Although this
may be true in most cases, anthropogenic actions can
also generate H,S within the wellbore annular space
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This presentation

Introduction — properties & toxicity

summarizes the natural origin and systematics of
H,S;

defines several anthropogenic factors associated with
the presence of H,S; and

suggests measures to potentially reduce the
generation of H,S concentrations during well
development.



Physical & Chemical Properties - H,S (gas)
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Alberta Energy Resources (AER) defines H,S as a naturally occurring, highly toxic, corrosive, gas with the
odour of rotten eggs, and sour gas as a raw natural gas with a relatively high concentration of sulfur
compounds including H,S.
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Toxicity - H,S (gas)

> permissible
exposure limit (PEL) time-weighted
average (TWA)
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- systematics of H,S
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H,S Presence in Groundwater
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H,S Presence in Groundwater
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H,S Generation - Pyrite dissolution (CSR)

FeS, + 1540, + 7/2H,0 > Fe(OH), + 250, + 4H*
FeS, + 14FeO0H + 26H* > 15Fe?* + 2S0,2 + 20H,0

Sulfur associated minerals (pyrite, pyrrhotite) dissolution can
contribute to the occurrence of sulfate in groundwater;

FeS, + 4HCI ' Fe?* + 4Cl- + 2H,5(qg)

Well acidification in presence of pyrite 4’—>

(FeS,) is minor in

carbonatic formations but it is commonly
found In other oil sands environments
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H,S Generation - Redox Mediated Process (BSR)

Gypsum dissolution

CaS0,(2H,0) + H,0” Ca?* + SO,z + 3H,0

S

Gypsum (CaSO,(2H,0)) and anhydrite
(CaS0,),
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H,S Generation — Sulfate Reduction - Redox

Mediated Process (BSR)
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CaS0,(2H,0) + H,0” Ca? + SO,2 + 3H,0

2CH,O + SO,2’ 2HCO, + H,S

WorleyParsons EcoNomics

Tesources & energy



H,S Generation - Thermochemical Reduction of
Sulfate (TSR)

R-CH; + 2R=CH, + CH, + 35O, + 5H+ - 3R-COOH + HCO, /CO, +
3H,0 + 3H,S/HS
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Anthropbgenic

with the presence of H,S
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Disposal Injection
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Disposal Injection
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Wellbore Stimulation
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« Warm water

H,S usually flourish in oxygen-deficient
environments and in warm/hot waters (between

30°C and 80°C)

e Acid enhancing stimulation

FeS, + 2HCI® Fe?* + 2CI- + H,S(g)
CaSO, + 2HCI’ CaCl, + H,SO,
H,SO,” 2H*+S0,2

CaCOy(s) + 2HCI®  Ca2* + H,0 + 2Cl- + CO,(g)
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eventually non fresh and clean water is available for wellbore
stimulation (CH,0)

presence of dissolved sulfate may be expected in carbonatic
formations

anthropogenic H,S might be produced
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Assess the risks to H,S generation

1.
. CaSO, .H,O
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If you find potential for H,S generation then

CaSO, .H,O
CaSO,
2.
CH,O
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Sulfate-
reduction 4.
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