Extending ASM1 to Model a
Tubular Biofilm Reactor
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Wairakei Bioreactor




Power Station

Commissioned

- Direct contact condensers

- Cooling water combined
with geothermal steam
condensate

® 2012 Wairakei Bioreactor

Successfully

Commissioned
- 95% reduction in H,S

1

~1000ppb
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Bioreactor Inlet
13.2m3/s
1000ppb H,S

Power-station
Cooling water
mixed with
geothermal steam

Geothermal Steam =
! H,S _
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Cooling Water Outfall
13.2m3/s
50ppb H,S

Cooling Water
Uptake
13ms3/s
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1. Bio-mechanistic Model

Process 2 Biotilmvoedel
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Sulphur Oxidising Bacteria

SOB
Biofilm
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Sulphur Reactions

. SOB
Equation 1 H,S + 0.50, — S® + H,0

. SOB
Equation 2 S°+150,+H,0 — SO, +2H*

SOB
H

Equation 3 H,S + 20, SO, + 2H*
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Hydrogen Sulphide Removal

Hydrogen |
Sulphide Particulate Sulphur Soluble
Removal Rate Oxidising Bacteria Hydrogen Dissolved
Conc. Sulphide Oxygen
dSHZS — SH2S So
= —H * X * *
dt max SOB K +S K 1S
H2SSOBTOH2S 0SsoB+So
Maxi |
s?;xérgﬁgn Half Saturation Half Saturation
Growth Constant for SOB Constant for SOB
Rate growth on H2S growth on oxygen


http://www.beca.com/

Water NZ Conference 2018

Additional ASM 1 Processes

Process Rate Equation
Aerobic growth of S ( So )
1 X X X X
Xsos ON Syips Hsos <KHZSSOB + SHas Kosos + S0 208
Additional
5 Aerobic growth of y Xso y So ) ¥ Components
XSOB on SSO Hsos KSOSOB + XSO KOSOB + SO SOB

3 Lysis of Xgog bsop X Xsop
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Additional ASM 1 Processes

Process Rate Equation
Aerobic growth of SHas So
1 X X x X
Xsos ON Spps ( + Shas + 5o 208
Aerobic growth of Xo So
2 X X x X

3 Lysis of Xgog X Xsop
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Bioreactor Trial Pipes

Sampling
points at
20m

intervals of

A
v

20m
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GPS-X Pipe Simulation

v

Influent
20m

- 10 x Submerged
Biological
Contactors (SBC)

- Equivalent
surface area
Discharge available for
to Waikato «{f biofilm growth

River
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Pipe Trial Data
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Calibration
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Model Kinetic Parameters

Symbol Parameter Model Literature Units
Hsos SOB specific growth rate 5.28 5.28 1/d
Dsos Rate constant for lysis 0.15 0.15 1/d
Kosos SOB saturation for O, 0.1 0.2 go,/m3
Kipssop | SOB saturation coefficient 0.06 0.24 gS /m?

for H,S
Kesog | SOB saturation coefficient 0.09 3.2 gS /m?

for S°
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Model Tests

Flowrate on H,S Removal

Temperature and Flowrate on H,S Removal

@Dissolved Oxygen Conditions on Reaction Products
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A. Flowrate on H,S Removal

300
250 30°C H,S Consent
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. Temperature and Flowrate on H,S Removal
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C. Dissolved Oxygen Conditions

Ratio (H,S/0O,) Favoured Reaction

<05 H,S +0.50, — S°+H,0
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Calibration
& Application
Validation
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