


Disclaimer

This best practice note has been prepared by the Office of Environment and Heritage NSW in
good faith, exercising all due care and attention. However no representation or warranty,
expressed or implied, is made as to the relevance, accuracy, completeness or fitness of this
document for any other purpose in respect of a particular user’s circumstances. Users of this
document should satisfy themselves about its application to their situation and, where
necessary, seek expert advice.

Note

This best practice note is advisory only. It has been prepared to assist practitioners on
contaminated land in NSW. It should be read in conjunction with gutdance documents,
recognised industry best practice, standards and other technical publications.
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© Copyright State of NSW.and Office of Envnonment and Heritage, Department of Premier
and Cabmet NSW ;

PO Box A290, Sydne South 1232

Phone: (02) 9995 5000°(switchboard) :

Phone: 131 555 (environment information and publications requests)
Fax: (02) 9995 5999

TTY: (02) 9211 4723

Email: info@environment.nsw.gov.au

Website: www.environment.nsw.gov.au

I[SBN
OEH

Date




Contents

1. Introductionummmoemmsenn. AR O NN K] N 1
2. Basic Process Description..umismsmimmiissssimnmssssmmiemmmsmmmmen s 1
3. Process ControlS....memsmmsersenen, e A TR SRR S TR AR SR 2
4, Environmental Control Measures..............; ...................................................................... 3
5, Landfarming Strategy ...t 4

0. VALLAATION vvrreeersreeerssesssensusessnusronsansensnnsensnssesssssssnsesmeasnsiassssssssssssssssasssnan R R TR R 5

References




1. Introduction

This technical note aims to assist those undertaking landfarming in NSW to ensure offences
are not committed under the Protection of the Environment Operations Act 1997 (POEO Act);
in particular with regard to the uncontrolled release of emissions to air, land and water. This
technical note does not provide advice on the application of the landfarming technique, but
outlines appropriate control measures that the Office of Environment and Heritage (OEH)
recommends should be used to minimise environmental impacts arising from the process.

This technical note does not provide gludance for control measures required at permanent or
commercial landfarms.

OEH encourages the use of on-site, in-situ, emission controlled and economical treatment
technologies. This approach is consistent with the National Environment Protection
(Assessment of Site Contamination) Measure (NEPM) hier atchy f01 site remediation or
management (ref. 16)

If appropriately controlled, landfarming is a practical, effect‘_i_}fe, durable and cost-effective
method for the treatment of certain organic contamination within soils.“The soils can be
treated on-site to a condition whereby they become smtable for re-use, ther eby mmlmlsmg the
requirement for off-site disposal. :

A review of the current best available guidance'foi
undertaken in compiling this note, the references for whi
practice note, and these should be referred to for further

are mcluded at the end of this best
rmation.

2. Basic Process Descriptio ,

Landfarming is a biological process whlch uses naturally‘oce umg micro-organisims (e.g.
bacteria and fungi) to ellimma ttenuate or transfonn pollutmg or contaminating substances
to minimise the risks to:human health or the envnonment (ref. 2). The mere removal of
volatile constituents'from:soils thloilgh evapmatlon (i.e. a physical process only) is not
acceptable to OEH unless:the volatlle constltuents are captmed and app10p1 mtely treated. If it

an above-ground plocess which involves the spreading of excavated
contaminated soils.in a thin layel (generally <0.3m - ref. 2) on a suitably prepared surface,
followed by the stlmulatlon of aerobic microbial activity within the soils through aeration
and/or the addition of mifierals, nutrients and moisture. The movement of oxygen through the
soil promotes aerobic, degradation of organic chemicals. Landfarming is a passive form of
remediation and generally requires an extended timeframe. (Ref. 3).

Landfarming may be a suitable remediation option for sites that are remote from residential
areas or on sites that have soils with low concentrations of volatiles, so long as all potential
emissions to air, land or water are thoroughly managed. If there are high concentrations of
volatiles present and the soil is to be excavated, the soil will need to be vented and emissions
controlled before excavation. (Ref. 13).

Landfarming is suitable for the treatment of a variety of organic chemicals including:
* Benzene, toluene, ethlybenzene and xylenes (BTEX);

o Total Petroleum Hydrocarbons (TPH) (e.g. diesels, light lubricating oils, crude oil);




o Polycyclic aromatic hydrocarbons (PAHs — e.g. particularly the lower ringed aromatic
compounds such as naphthalene and phenanthrene);

e  Phenolic compounds;

Biodegradation rates are generally higher for saturated hydrocarbons followed by
monoaromatic (e.g. BTEX, phenols) and the lighter polyaromatic hydrocarbons (e.g. 2,3 and
4 ringed PAHs)(ref. 2). Long chain and high molecular weight hydrocarbons (generally 20
carbon atoms or higher) are more resistant to biodegradation, but are still biodegradable. Soils
containing >8% TPH concentrations are not generally suitable for landfarming (Ref. 6), as
high concentrations of oil, grease and tar can physically block pore spaces in soils limiting
mass transfer of nutrients, water and oxygen into the soils and “smothering” the landfarm
process (ref. 8). Landfarming is not a suitable treatment method for heavy metals, complex
PAHs or chlorinated hydrocarbons, and high concentrations of these contaminants in the soil
may inhibit microbial degradation. (Ref. 2). .

A considerable percentage of the lighter, more volatile petroleun ploducts will be lost by
evaporation during aeration of the landfarmed materials and.fo a lésser.extent, degraded by
mlClOblal actlon the heawel non-volatile petloleum [‘JIOdUCfS w11[ not _vap01 ate and these

optlmal'
excessive volatlllsatlon of volatile compounds (e. g BTEX) (Ref. 2);

o femperafure - "eally within the range of 10-45°C (ref. 6) — biological activity is
regulated by soil temperature;

o pH - ideally within the 6 to 8 range (ref. 2 ) to support bacterial growth of the
microorganisms, pH also has a large effect on the availability of nutrients, mobility
of metals, rate of abiotic transformation of organic waste constituents and soil
structure;

o nutrient balance - the application of additional nutrients may be required to
optimise the biodegradation processes, (¢.g. addition of manure, fertilizers);

e moisture - the ideal range for soil moisture is between 12 — 30% by weight (ref. 5),
or between 40 and 85% of the field capacity (ref.2 and 5) soils should be moist but
not wet as too much moisture restricts the movement of air through the soil;




o  soil fexture (permeability, bulk density) - Soils that clump together (e.g. clay soils)
are difficult to aerate and result in low oxygen concentrations (ref.5), the major
nutrients limiting biodegradation are nitrogen and phosphorus.

Organic amendment such as wood chips, sawdust, straw, hay and animal manure are used to
improve soil structure and oxygen infiltration and to increase the moisture holding capacity in
sandy soils. '

Mixing (aeration) should be performed at regular intervals to enhance the oxygen infiltration,
mixing of hydrocarbons and homogenisation of soils, nutrients, water, air and microorganisms
and increases biodegradation rates.

4. Environmental Control Measures

When appraising whether Landfarming is a suitable remedial option for a'site, a number of
factors need to be assessed and should be detailed within the Remedial Action Plan (RAP), as
a single overriding factor can make a site unsuitable for landfalmm JIn particular, an
assessment of the suitability of the proposed treatment lo_cat1011 needs’to be considered,
mciudmg area available, site topogtaphy, local geology";liychégeology, proximity to surface

site. Landfarming sites should not be 1oc~
dwellmgs)

s — volatile emissions need to be controlled both during
'naggd soils as well as duriug the operation of the

on a numbi f’5of factms (e.g. nature of contaminated material, location of sensitive
receptors). (Ref. 5). The requirement for any contnol/tneatment measures will need to
be determined-during the remedial options appraisal for the site and if required,
appropriate vapour treatment technology should be specified, including operation and
monitoring parameters and these should be detailed within the remedial action plan
(RAP) and subsequent Environmental Management Plan (EMP).

2. Control of leachate and stormwater - water management systems for control of run-
on and run-off are necessary to avoid saturation of the treatment area and release of
leachate from the landfarmed soils. Run-on can be controlled by bunds or ditches
which intercept and divert the flow of stormwater away from the landfarmed material.
Leachate and surface water run-off can be controlled by diversion of water/leachate to
a suitably lined retention pond where it can be either recycled over the landfarmed
materials to maintain moisture content, stored, or treated and either released to
stormwater, sewer or if required, tankered off-site for off-site treatment and disposal.
(Ref. 5). A grade should be created to allow for the drainage of surface water /
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leachate. The minimum gradient recommended is 2% so that the final floor level has
a gradient sufficient to enable surface water / leachate to drain to a suitably lined
retention pond. Leachate retention ponds should be within a bunded area. Heavy
rainfall will impact the amount of leachate and covering the landfarmed soils may
reduce the amount of leachate generated.

To ensure leachate from the landfarmed soils does not impact the underlying
groundwater, the landfarm should be located on a suitable low permeability liner,
which can comprise compacted clay or another impermeable material with a
permeability equal to or less than 10”m/s (ref 4). A suitable depth of sacrificial
material must be placed on top of the liner to protect the liner during tilling and
placement / removal of soils (ref. 7).

3. COHU ol of dust — Dust may be gener ated during the excavation and mixing of the

Bunds/bel ms or nets should be constructed around the _entue peumetel of the
landfarm, the height of which should be sufficient to contain the dust/ soils.

4. Control of odours — Odours may be generated during the excavation and mixing of
the soils. Odours are difficult to control but control:measures may:include the use of
odour suppressants/foggers, the use of blodegIadable foams and/or-locating the
landfarmed soils in remote areas away ﬁm sensr[we 1ecept015 i

5. Other controls - The site should be clearly dé
prevent unauthorised public access.

ted with appropriate‘signage to

Regular environmental monitoring wﬂl"b required to ensur
are effective during the operation of the Iandfa“‘ ing process.

5. Landfarmlng Strategy

the. emission control measures

.dences infrastructure, gloundwatet bores etc.,
6 Slte for the landfarming process. Generally landfarming
isolated sites, (>0.5ha).

.‘,_s_i‘luiring treatment.

: eline--éﬁrlnpling of soils above which the landfarmed soils are to be

o Local climatic conditions, including average rainfall, temperature, prevailing winds —
prevailing winds can dictate the location of the landfarm with reference to nearby
populations (ref. 6)

e Information on the materials to be used to construct a low permeability liner for the
base and retention ponds.

e Details of air emission control measures and air quality monitoring.

o Details of stormwater, leachate and run-off management, including details of
groundwater and / or surface water monitoring.

o Details of odour control and monitoring requirements.

o Details of measures to be taken to control dust and erosion of soils from the
landfarmed area.




o Details of the proposed soil sampling and analyses program, including the
remediation target levels and predicted timescales for completion of the landfarming
process.

o Details of the monitoring undertaken to ensure the optimisation of biodegradation
rates during the landfarming process. The monitoring should include the assessment
for the reduction in contaminant mass, rates of CO2 production and biodegradation
(generation of intermediate products), oxygen, moisture, nutrient levels, temperature,
pH etc.

o Details of how often the landfarmed soils will be mixed (aerated), and the
requirement for the addition of nutrients.

e Details of the proposed uses of the treated soils and contingency measures if the soils
do not meet the set target concentrations within the timescales: ::Any materials
removed from the site will be characterised as waste and will necd to be dealt with in
accordance with the NSW Government’s fi amewmk fo aging wastes.

o Details of proposed community consultations, mcludmg detai s:of how complaints

will be handled.

Landfarming must comply with all legislative req

6. Validation

remediation pr actlg' ,11_1,;NSW Failure to comply with these guulelmes, 1esultmg ina
breach of the Protection of the Environment Operations Act 1997, may result in
enforcement action being taken by OEH.




References

Landfarming Guidance used in the preparation of this best practice note:

i

Government of Western Australia, Department of Environment 2004, Contaminated Sites
Management Series: Bioremediation of hydrocarbon-contaminated soils in Western
Australia

United Kingdom Environment Agency 2002, Remedial Treatment Action Data Sheet on
Landfarming (Data Sheet No. DS-03) '

Government of South Australia EPA 2005, (EPA 589/05), Soil bioremediation

Tasmania Department of Tourism, Arts and the Environment, Environment Division,
2006, Information Bulletin No.108: Landfarming Petroleum Contammated Soil

United States EPA, Office of Underground Storage Tanks T): How to Evaluate
Alternative Cleanup Technologies for Underground Stoiage . Sites: A Guide for
Corrective Action Plan Reviewers (EPA 510-B-95- 0 )-éiChaptel “Landfarming.

United States EPA 2003, Region 6 South Central Response and Pleven:' n Branch,
Aerobic Biodegradation of Oily Wastes — A Field Gmdance Book for Fedéral On Scene
Coordinators; Version 1.0, October 2003. :

Vermont State Agency of Natural Reéouices e
1996, Agency Guidelines for Petroleum: Conta_

13.

14,

1:5%

16.

WWwW.env ment.nsw. gov auw/waste/enveuidlns/index.htm

EPA 1994, C'o;_ m(u‘ed Sites: Guidelines for assessing service station sites, NSW
Environment Protection Authority, Sydney; available at
www.environmel_l_'t'fnsw gov.au/clm/servicestation.htm

EPA 1995, Contaminated Sites: Sampling design guidelines, NSW Environment
Protection Authority, Sydney

EPA 1997, Contaminated Sites: Guidelines for consuitants reporting on confaminated
sites, NSW Environment Protection Authority, Sydney; available at
www.environment.nsw.gov.au/resources/clm/97 1 04consultantsglines.pdf

NEPC 1999, ‘Schedule B(2): Guideline on data collection, sample design and reporting’
in National Environment Protection (Assessment of Site Contamination) Measure 1999,

National Environment Protection Council, Canberra; available at
www.ephc.gov.au/sites/default/filessf ASC NEPMsch 02 Data Collection 199912.pdf




17. New Zealand Ministry for Environment June 1999, Module 7 — Site Management
Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated Sites in
New Zealand.

Links were current at the time of publication.




