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THE UNIVERSITY OF HONG KONG

POKFULAM ROAD
Professor Herberl H. P. Fang

: : "ang HONG KONG
Chair of Environmental Engineering TEL.: 852 2858 2660
FikFHBOL L) DEPARTMENT OF CIVIL ENGINEERING FAX: 852 2558 5337

rARLALE

Review on Pilot Trial Results of
Bioremediation at Kai Tak Approach Channel

1 agree in general the conclusions and recommendations in the post 12-month report on the
pilot trial of bioremediation at Kai Tak Approach Channel in 2006, especially the
rccommendations that "Full-scale biorcmediation in Kai Tak Approach Channel is
recommended, in conjunction with the Kai Tak Development, to suppress the objectionable
odour by replenishing the exhausting nitrate within sediment”.

M\_

August 15, 2007
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Agreement No. CE 30/2008(CE)
Kai Tak Infrastructure — Design and Construction

Revi ediment Treatment Methods at Kai T. roach Channel (KTAC

and Kwun Tong Typhoon Shelter (KTTS)

This is a summary of the Working Paper on Sediment Treatment Methods (April 2010) at Kai Tak Approach
Channel (KTAC) and Kwun Tong Typhoon Shelter (KTTS).

A number of different sediment treatment options have been reviewed including the following:

a) Ex-situ treatment/ disposal;

b) In-situ chemical oxidation (with strong oxidants);
¢} In-situ capping;

d} In-situ solidification and stabilisation; and

e) In-situ bioremediation.

Ex-situ methods (i.e. dredge and treat / dispose the sediments) would require extensive dredging which is
not preferred. Substantial amount of contaminants could be re-suspended during extensive dredging,
posing significant adverse impacts to the surrounding environment.

On the other hand, in-sifu methods (i.e. treating the sediment in place) are considered to be more
acceptable as to avoid extensive dredging. However, the applicability of the treatment techniques are
usually site specific and would depend on the effectiveness to suppress odour generated from the
contaminated sediments, sustainability (or longevity) of odour suppression, adverse impacts pose to the
surrounding environment and cost of treatment.

Some common types of in-situ methods (i.e. chemical oxidation, capping, solidification and stabilisation and
bioremediation) have been reviewed with their limitations. For example, the chemical oxidation method
using some strong oxidants (e.g. hydrogen peroxide) may generate toxic end products such as Chromium
(V1) that could result in adverse ecological impacts to the surrounding water bodies. The in-situ capping
method could result in high level of residual odour as the integrity of the underlying membrane would hinder
the de-silting or treatment of the recurrent sediment deposition. Re-capping of the seabed, on the other
hand, is considered not feasible as it would significantly reduce the already shallow water depth at KTAC for
navigation. The in-situ solidification and stabilisation method would harden the seabed to concrete like
material and pose permanent impacts to the local marine ecology.

On the other hand, in-situ bioremediation using calcium nitrate to enhance the population size and ability of
microorganisms, particularly those involved in nitrogen and sulphur cycling, had been successfully applied at
Shing Mun River (SMR) and Sam Ka Tsuen Typhoon Shelter, as well as the recent pilot scale field test in
2006 at the northern portion of KTAC and the advanced bioremediation near Jordan Valley Culvert Outfall in
2008. The bioremediation works carried out previously in Hong Kong are presented in Annex |. The
bioremediation process relies on the injection of liquid calcium nitrate solution into the sediments in a
controlled manner. The nitrate serves as an electron acceptor for denitrifying bacteria to utilise organic
matters and organic contaminants as carbon source. The denitrifying bacteria would be stimulated which
convert inorganic nitrogen (including ammonium and nitrate) to nitrogen gas. The final products of the
process will mainly be odourless and harmless gases including nitrogen and carbon dioxide. The nitrate-
reducing condition would also increase the reduction-oxidation (redox) potential in sediment, transforming
the environment from anaerobic to anoxic, thereby suppressing the activity of sulphate reducing bacteria and
odorous hydrogen sulphide generation. This approach will not create any negative effect on marine ecology
as calcium nitrate is a relatively weak oxidising agent (unlike potassium permanganate) but sufficient to
oxidise the organics in the sediment.

Based on the post-treatment monitoring in the pilot scale field test and advanced bioremediation, significant
reduction in acid volatile sulphides (AVS) (an indicator of the odour generation) was noted from the pre-
treatment conditions in the sediments. In both the pilot scale field test and advanced bioremediation, an
average AVS removal of over 95% had been recorded. Considerable increase in the redox potential was
also observed, indicating the sediments were under oxidising / anoxic conditions rather than the anaerobic
conditions.
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Previous bioremediation treatment works were intended not only to remove most of the sulphides (and
subsequently odour) but to produce a reactive cap by leaving some residual nitrate in the sediment to treat
any sulphide that migrate upwards from the bottom layer to the sediment surface and to further breakdown
the organics in the long run. The necessity to carry out re-injection at KTAC and KTTS would depend on the
results of the post-treatment monitoring. In theory there is a chance that some localised re-injection might
be required from time to time due to the continuous influx of pollutants from upstream runoffs. However, the
scope of the localised re-injection is expected to be very small and is likely to be restricted to areas where
considerably amount of pollutants could be deposited over time (e.g. mouth of Kai Tak Nullah and Jordan
Valley Culvert Outfall).

Based on the pilot scale field test and advanced bioremediation, no significant environmental impacts had
been observed though it is possible that some of the undissolved metals may become oxidised and
dissolved during the bioremediation process. Appropriate measures have been recommended for the
proposed remediation works at KTAC and KTTS to minimise the possible impacts.

An environmental monitoring and audit (EM&A) programme according to the EM&A Manual under the Kai
Tak Development Project will be implemented from commencement of bioremediation works to one year
after completion of the bioremediation works. A range of water quality parameters including dissolved
oxygen, turbidity, suspended solids, nitrate-nitrogen and heavy metals (i.e. chromium, cadmium, copper,
zinc, silver, mercury, nickel and lead) will be monitored. In addition, ammonia-nitrogen would also be
occasionally monitored prior to, during and immediately after injection when injection period coincide with
neap tide (when flushing effect is relatively small). Sediment quality monitoring, including measurements of
AVS, redox potential, pH, residual nitrate and Microtox®, will also be carried out during the course of
bioremediation to indicate the performance and longevity of treatment.

To conclude, in-situ bioremediation using calcium nitrate to stimulate microbial activities is considered to be

the most appropriate sediment treatment option, in terms of cost-effectiveness and long term environmental
friendliness, for mitigating the odour nuisance from KTAC and KTTS.

| have reviewed independently the Working Paper on Review of Sediment Treatment Methods (April 2010). |
agree that the proposed full-scale bioremediation in Kai Tak Approach Channel and Kwun Tong Typhoon
Shetter is technically feasible and effective to suppress objectionable odour generated from the sediments,
providing that a careful design with a proper implementation of the EM&A programme is carried out.

Professor Irene M. C. Lo
The Hong Kong University of Science and Technology

30 September 2010
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Agrooment No, CE 30/2008(CE)
Kal Tak infrastructure - Design nnd Constructlon

patment Mat A gk Appi
and Kwun Tong Typhoon Sholter (KTTS)

This is @ summary of the Working Peper an Sediment Treatment Methods (April 2010) at Kai Tak Approach
Channel (KTAC) and Kwun Tong Typhoon Shalter (KTTS),

A number of different sediment treatment options have been reviewed Including the following:

@) Ex-sltu treatment/ dispoasl,

b) In-situ chemical oxidation (with strong oxidants),
c) In-silu capping;

d) In-situ solidification and stebilisation; and

8) In-situ bioremadiation,

Ex-situ methods (l.e. dredge and treat / disposa the sediments) would require extensive dredging which is
not preferred. Substantial amount of contaminants could be re-suspended during extensive dredging,
posing significant adverse Impacts to the surrounding environment.

On the other hand, in-situ methods (l.e. treating the sadiment in place} are considered to be more
mcceptabie as to0 avold extensive dredging. However, the applicabllity of the treatment techniques are
ususlly site specific and would depend on the effeclivensss 1o suppress odour genereted from the
contaminated sediments, susialnability (or longevity) of odour suppression, adverse impacta pose to the
surrounding environment and cost of traatment.

Some common types of in-silu methods (i.e. chemical oxidation. capping, solidification and stabilisation and
bloremediation) have been reviewed with thelr limitations. For example, the chemical oxidatlon method
using some strong oxidante (a.g. hydrogen peroxide) may gensrate toxic end products such as Chromium
(V1) that could result in adverse ecological impacts to the surrounding water bodles. The in-sitv capping
method could resunt In high level of residual odour as the integrity of the underlying membrane would hinder
the de-sitting or reatment of the.recurrent sediment deposition. Re-cepping of the sesbed, on the cther
hand, & considered not feasible as It would significantly reduce the sircady shallow water depth at KTAC for
navigation. The /n-situ solldification and stabilisation method would harden the seabed to conorete like
material and pose permanent impacts to the local marine ecology.

On the other hand, in-sitt bioremediation using calcium nitrate to enhance the population size and ability of
microorganisms, particularly those involved in nitregen and sulphur cycling, hed been successfully applied at
Shing Mun River (SMR) and Sam Ka Tsuen Typhoon Sheiter, 8 well as the recent pilot acale fleld test in
2006 at the northern portion of KTAC end the advanced bloremediation near Jordan Valley Culvert Outfall in
2008. The bioremediation works carried out previously In Hong Kong are presented in Annex I. The
bioremediation process relies on the injeotion of liquid calcium nitrate solution into the sediments in a
controlied manner. The nitrate serves as =n electron acceptor for denitrifying bacterla to utilise organic
matters and organic contaminants as carbon source. The denltrifying bactera would be stimulated which
convert Inorganic nitrogen (including ammonium and nitrate) o nitrogen gas. Tha final products of the
process will mainly be odourless and hammiess gases including nitrogen and carbon dloxide. The nitrate-
reducing condition would also Increase the reduclion-oxidation (redox) potential In sediment, transforming
ihe environment from anaerobic ta ancxic, thereby suppressing the activity of sulphate reducing bacteria and
odorous hydrogen sulphide generation. This approach will not create any negalive offect on marine ecology
as calclum nitrate Is a relalively weak oxidising agent (unfike potassium permanganate) but sufficient to
oxidise the organics Iin the sediment.

Bused on the post-treatment monitering In the pilot scale feld test and advanced bioremediation, significant
reduction In acid volatile sulphides (AVS) (an Indicator of the odour generation) was noted from the pre-
treatment conditions in the sediments. In both the pllot scale field test and sdvanced bioremediation, an
average AVS removal of over 85% had been recorded. Conslderable Increase in the redox potential was
also observed, indicating the sediments were under oxidising / anoxic conditions rather than the anaerobic
conditions.
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Previous bloramedistion trestment works were intended not only to remove most of the sulphides (and
subsequently odour) but to praduce a reactive cap by leaving some residual nitrate In the sediment to treat
any sulphide that migrate upwards from the bottom layer 1o the sediment surface and to further breakdown
tha organice in the long run. The necessity to carry out re-injection at KTAC and KTTS would depend on the
results of the post-treatment monitoring. {n theory there Is a chance that some localised fe-injection might
be required from time to time due to the sontinuous influx of pollutants from upstream runofis. However, the
scope of the localised re-injection I8 expected to be very small and is likely to be restricted to areas where
considerably amount of pollutanis could be deposited over lime {e.q9. mouth of Kaj Tak Nullah and Jordan
Vallay Culvert Outfall).

Based on the pliot scale field test and advanced bioremadiation, no significant environmental impacts had
been observed though it is possible thet some of the undissolved metals may become oxidised and
dissolved during the bloremediation process. Appropriate measures have been racommended for the
praposed remediation works at KTAC and KTTS 1o minimise the passible impaéts.

An environmental monltoring and audit (EM&A) programme according to the EM&A Manual under the Kai
Tak Development Project will be implemented from commencement of bloremediation works to one year
afler completion of the bloremediation works. A range of water quality peremeters including dissolved
oxygen, turbidity, suspended salids, nitrate-nitrogen and heavy metals (Le. chromium, eadmium, copper,
Zinc, silver, mercury, nickel and lead) will be monitored. In addition, ammonia-nitrogen would also be
occaslonally monltored prior to, during and immediately after Injection when injection period coincide with
.neap tide (when flushing effect is relatively small). Sedimant quality monitoring, including measurements of
AVS, redox potential, pH, residual nitrate and Microtox®, will also be oarried out during the course of
bioremediatian to Indicate the performance and longevity of treatment.

To conclude, /n-situ bicremediation using calclum nilrate to stimulate microbial activities is considered to be
the most appropriate sadiment treatment option, In terms of cost-effecliveness and long term environmental
friendliness, for mitigating the odour nuisance from KTAC and KTTS.

— mm == = =oEE

! have reviewed Independently the Working Paper on Review of Sediment Treatment Methods (April 2010) and
nated that the final working peper has incorporated my previous comments. | agree the conclusions and
recommendations on the sediments trealment method, especially the recommendalions of the full-scale
bloremediation in Kal Tak Approach Channel and Kwun Tong Typhoon Sheller to effectively suppress
cbjectionable odour generated from the sediments.

City University of Hong Kong
30 September 2010
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Agreement No. CE 30/2008(CE)
Kai Tak Infrastructure — Design and Construction

Review of Sedi T nt Methods at Kal Tak Approach C KTAC
and Kwun Tong Typhoon Shelter (KTTS)

This is a summary of the Working Paper on Sediment Treatment Methods (April 2010) at Kai Tak Approach
Channel (KTAC) and Kwun Tong Typhoon Shelter (KTTS).

A number of different sediment treatment options have been reviewed including the following:

a) Ex-situ treatment / disposal;

b) In-situ chemical oxidation (with strong oxidants),
c) In-situ capping;

d) In-situ solidification and stabilisation; and

e) In-situ bioremediation.

Ex-situ methods (i.e. dredge and treat / dispose the sedimenis) would require extensive dredging which is
not preferred. Substantial amount of contaminants could be re-suspended during extensive dredging,
posing significant adverse impacts to the surrounding environment.

On the other hand, in-situ methods (i.e. treating the sediment in place) are considered to be more
acceptable as to avoid extensive dredging. However, the applicability of the treatment techniques are
usually site specific and would depend on the effectiveness to suppress odour generated from the
contaminated sediments, sustainability (or longevity) of odour suppression, adverse impacts pose to the
surrounding environment and cost of treatment.

Some common types of in-situ methods (i.e. chemical oxidation, capping, solidification and stabilisation and
bioremediation) have been reviewed with their limitations. For example, the chemical oxidation method
using some strong oxidants (e.g. hydrogen peroxide) may generate toxic end products such as Chromium
(V1) that could result in adverse ecological impacts to the surrounding water bodies. The in-situ capping
method could result in high level of residual odour as the integrity of the underlying membrane would hinder
the de-silting or treatment of the recurrent sediment deposition. Re-capping of the seabed, on the other
hand, is considered not feasible as it would significantly reduce the already shallow water depth at KTAC for
navigation. The in-situ solidification and stabilisation method would harden the seabed to concrete like
material and pose permanent impacts to the local marine ecology.

On the other hand, in-situ bioremediation using calcium nitrate to enhance the population size and ability of
microorganisms, particularly those involved in nitrogen and sulphur cycling, had been successfully applied at
Shing Mun River (SMR) and Sam Ka Tsuen Typhoon Shelter, as well as the recent pilot scale field test in
2006 at the northern portion of KTAC and the advanced bioremediation near Jordan Valley Culvert Qutfall in
2008. The bioremediation works carried out previously in Hong Kong are presented in Annex . The
bioremediation process relies on the injection of liquid calcium nitrate solution into the sediments in a
controlled manner. The nitrate serves as an electron acceptor for denitrifying bacteria to utilise organic
matters and organic contaminants as carbon source. The denitrifying bacteria would be stimulated which
convert inorganic nitrogen (including ammonium and nitrate) to nitrogen gas. The final products of the
process will mainly be odourless and harmless gases including nitrogen and carbon dioxide. The nitrate-
reducing condition would also increase the reduction-oxidation (redox) potential in sediment, transforming
the environment from anaerobic to anoxic, thereby suppressing the activity of sulphate reducing bacteria and
odorous hydrogen sulphide generation. This approach will not create any negative effect on marine ecology
as calcium nitrate is a relatively weak oxidising agent (unlike potassium permanganate) but sufficient to
oxidise the organics in the sediment.

Based on the post-treatment monitoring in the pilot scale field test and advanced bioremediation, significant
reduction in acid volatile sulphides (AVS) (an indicator of the odour generation) was noted from the pre-
treatment conditions in the sediments. In both the pilot scale field test and advanced bioremediation, an
average AVS removal of over 95% had been recorded. Considerable increase in the redox potential was
also observed, indicating the sediments were under oxidising / anoxic conditions rather than the anaerobic
conditions.
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Previous bioremediation treatment works were intended not only to remove most of the sulphides (and
subsequently odour) but to produce a reactive cap by leaving some residual nitrate in the sediment to treat
any sulphide that migrate upwards from the bottom layer to the sediment surface and to further breakdown
the organics in the long run. The necessity to carry out re-injection at KTAC and KTTS would depend on the
results of the post-treatment monitoring. In theory there is a chance that some localised re-injection might
be required from time to time due to the continuous influx of pollutants from upstream runoffs. However, the
scope of the localised re-injection is expected to be very small and is likely to be restricted to areas where
considerably amount of pollutants could be deposited over time (e.g. mouth of Kai Tak Nullah and Jordan
Valley Culvert Outfall).

Based on the pilot scale field test and advanced bioremediation, no significant environmental impacts had
been observed though it is possible that some of the undissolved metals may become oxidised and
dissolved during the bioremediation process. Appropriate measures have been recommended for the
proposed remediation works at KTAC and KTTS to minimise the possible impacts.

An environmental monitoring and audit (EM&A) programme according to the EM&A Manual under the Kai
Tak Development Project will be implemented from commencement of bioremediation works to one year
after completion of the bioremediation works. A range of water quality parameters including dissolved
oxygen, turbidity, suspended solids, nitrate-nitrogen and heavy metals (i.e. chromium, cadmium, copper,
zinc, silver, mercury, nickel and lead) will be monitored. In addition, ammonia-nitrogen would also be
occasionally monitored prior to, during and immediately after injection when injection period coincide with
neap tide (when flushing effect is relatively small). Sediment quality monitoring, including measurements of
AVS, redox potential, pH, residual nitrate and Microtox®, will also be carried out during the course of
bioremediation to indicate the performance and longevity of treatment.

To conclude, in-situ bioremediation using calcium nitrate to stimulate microbial activities is considered to be

the most appropriate sediment treatment option, in terms of cost-effectiveness and long term environmental
friendliness, for mitigating the odour nuisance from KTAC and KTTS.

I have reviewed independently the Working Paper on Review of Sediment Treatment Methods (April 2010)
and noted that the final working paper has incorporated my previous comments. | agree the conclusions
and recommendations on the sediments treatment method, especially the recommendations of the full-scale
bioremediation in Kai Tak Approach Channel and Kwun Tong Typhoon Shelter to effectively suppress
objectionable odour generated from the sediments.

Skt 4%

Professor Zhang Xihui
Tsinghua University

6 October 2010
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