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A sewer network…

Waste water collection

(sanitary sewers)

+

Storm water collection

(combined sewers)



Origin of H2S in sewer networks

• Anaerobic decomposition in forced ducts

• Anaerobic transformations in gravity sewers

• Stagnant zones (pumping stations / Lifting units)



Origin of H2S in sewer networks

M. Peyre-Lavigne, PhD Thesis, INSA 
Toulouse, 2014



Impact of H2S

Safety

Risk for workers (many cases)



Impact of H2S

Tourists complain

(no money)

Citizen complains

(no reelection)



Impact of H2S

Asset management

Concrete corrosion

Pipe failure

Leaks

Big economic issues



The fate of sulfur in sewers

Buildup of sulfide in the liquid
phase (sulfate reducing bacteria)

Acid / base Sulfide equilibrium
(H2S / HS-) pKa = 7

Sulfide emission (H2S)

H2S oxidation (walls) to H2SO4



Important factors for H2S production

• Temperature

• Redox potential / dissolved oxygen

• pH 

• Residence time (distance)

• Flow conditions



City of Arles:
Forced mains (red)
H2S hotspots (black)

Credits: Société des eaux d’Arles



H2S emissions in gravity sewers

Yongsiri et al. , 2005

𝑵 = 𝒌𝒍𝒂 (𝑪 − 𝑪∗)Emissions flux is due to mass transfer:

Question 1: how to assess mass transfer coefficients in open-channel flow?

Question 2: how to measure the mass transfer coefficient for H2S?



Experimental set-up for kLa in open-channel flow



Experimental set-up for kLa in open-channel flow

Parameters

• Slope (0.03% - 1%)

• Water flow rate

• Liquid height (adjustable weir)

• Velocity range 0.1 – 1 m.s-1

Method: OXYGEN

• Reoxygenation (clear water)

• Dissolved oxygen vs. distance (6)



Assessment of kLa in open-channel flow

Mass balance

• Stationary flow (u constant)

• Steady-state for O2 concentration

• Plug flow (Pe > 100)
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Mass transfer coefficient H2S / O2

Oxygen:
Reoxygenation method (under controlled mixing)
Measurement of C vs time (Oxymeter)

H2S:
Sursaturation method
Addition of Na2S (pH 10)
Addition of HCl (pH 3)
On-line measurement of total sulfide (Aqua-MS© probe)



Mass transfer coefficient H2S / O2

O2 Reoxygenation

H2S Desaturation



Mass transfer coefficient for H2S

KLa H2S

𝑘𝐿𝑎 = 𝐴 + 𝐵 × 𝑁3.1



Perspectives

• Correlate kLa H2S and kLa O2

• Correlate kLa in open-channel flow (velocity / slope / height)

• Combine production / emission models for H2S in sewers
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