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1. [bookmark: _Toc508718307]Aim/objective
Detect and monitor the presence, concentration and persistence of hydrocarbons in marine sediments following the spill and associated response activities. The specific objectives of this Scientific Monitoring Plan (SMP) are as follows:
· Assess and document the temporal and spatial distribution of hydrocarbons and dispersants in marine sediments of sensitive receptors; 
· Assess hydrocarbon/dispersant content of sediment samples against accepted environmental guidelines or benchmarks to predict potential areas of impact; and
· Provide information that may be used to interpret potential cause and effect drivers for environmental impacts recorded for sensitive receptors monitored under other SMPs.
[bookmark: _Toc508718308]Rationale 
Although short term weathering can remove a significant fraction of the light petroleum hydrocarbons, the persistent fractions can remain in the water column and sediments (Ref. 1). Hydrocarbons, even lighter hydrocarbons, incorporated into sediments can persist for extended periods, especially in anoxic sediments. Therefore, scientific monitoring of hydrocarbons in sediments is required to inform an assessment of the potential harm to intertidal and subtidal biota.
Sediment monitoring can determine the level of exposure and potential toxicity of hydrocarbons in sediment at targeted sampling locations for identified resources at risk. This information can be used to identify whether impacts at sampling sites are attributable to hydrocarbon exposure, and if so, whether hydrocarbon persistence and ongoing potential toxicity is likely to affect recovery rates.
The outputs of this SMP should contribute to developing an understanding of the short and long-term impacts on the biota of the offshore environment as well as to inform the assessment of impact, remediation / clean-up strategies that may need to be deployed and the need for any long-term monitoring programs.
[bookmark: _Toc504832171][bookmark: _Toc508718309]Initiation Criteria and Termination criteria
[bookmark: _Toc508718310]The initiation and termination criteria for this SMP are outlined in Table 3‑1. 
[bookmark: _Ref34807958]Table 3‑1: Sediment Quality Impact Assessment Initiation and Termination Criteria 
	Initiation criteria
	Termination criteria

	OMP: Sediment quality assessment has identified hydrocarbon concentrations exceed accepted guidelines and benchmarks; or
Spill modelling has indicated that an impact on a sensitive resource that is closely linked to marine sediments is possible, and it is considered likely that ongoing (scientific) monitoring of a biological parameter will be required that supported by scientifically rigorous sediment quality monitoring. 
	The relevant Jurisdictional Authority/ Government Agency has been consulted and has agreed that water quality monitoring can be ceased; and 
All hydrocarbon concentrations in sediments are below guideline or benchmark levels, which can be defined as:
· toxicant default guideline values for sediment quality (Ref. 2); or 
· the relevant regulatory site-specific trigger level (where these exist); or 
· below baseline levels; or 
· control site values (whichever is applicable).


Data and information requirements
 [The following points, in addition to best practice documentation (e.g. Australian/industry standards/guidelines and literature) should be considered by the Monitoring Provider in the review and finalisation of the monitoring design.]
[bookmark: _Ref505255428] Table 4‑1 lists the inputs relevant to planning for the implementation of this SMP, once the notification to commence is initiated. This SMP will likely inform other SMPs, and as such outputs from it will be required by those plans.
Table 4‑1: Data Requirements Summary 
	Baseline Information
	Operational Information

	Access to consolidated project-specific baseline data and baseline summary report/data for the relevant location
Additional metadata records may identify existing baseline data available from I-GEMS (Western Australia only)
	Outputs from surveillance and OMP: Sediment Quality Assessment and OMP: Water Quality Assessment activities, including:
· Spill type
· Spill volume and duration
· Spatial extent and movement of the spill
· Details of dispersants used
· Consolidated dataset for comparison against guideline or benchmark levels (Refer to Section 11.2)



[bookmark: _Ref508718157][bookmark: _Toc508718311]Monitoring Design 
The exact nature of the monitoring activities should depend upon each Titleholder’s specific circumstances, including the area of operation, availability of baseline data and the nature and scale of the spill. 
[The following points, in addition to best practice documentation (e.g. Australian/industry standards/guidelines and literature) should be considered by the Monitoring Provider in the review and finalisation of the monitoring design, including sampling techniques and standard operating procedures.]
There are a number of experimental design approaches that should be considered for sediment quality monitoring. The selected design should take into consideration the availability and currency of baseline datasets and may involve a combination of design approaches. 
The geographic extent of the area to be monitored should be based on the hydrocarbon distribution, as determined through predicted movement of the hydrocarbon spill (i.e. modelling), surveillance outcomes, measured dissolved hydrocarbons in the water column (as determined through OMP: Water Quality Assessment) and measured hydrocarbons in sediments (as determined through OMP: Sediment Quality Assessment). These outputs should identify potential impact areas to be sampled, which should allow comparison of results to guideline (benchmark) levels (including baseline values). 
Sampling sites should be selected once the outputs from spill surveillance activities, OMP: Water Quality Assessment and OMP: Sediment Quality Assessment are generated so that the depth and extent of the spill can be incorporated into the survey design. The number of sites that can be monitored each day depends on the travel distance between sites, the monitoring design and equipment, number of replicates required, depth of water and weather conditions. 
[bookmark: _Ref509917234]Table 5‑1 summarises the monitoring designs recommended for various outcomes. Detailed information on design approaches can be found in Section 8 of the OSMP Framework.
[bookmark: _Ref39069796]Table 5‑1: Potential Monitoring Design Approaches for Different Spill Outcomes
	Surveillance and OMP Outcomes Indicate
	Recommended Monitoring Design
	Recommended Replicate Sites 

	Spill Extent
	
	

	Hydrocarbon plume concentrated around source, dissipating with distance
	Gradient Approach
	Two replicate sites at each distance from source

	Hydrocarbon plume has dissipated away from source
	Gradient Approach (with revised centre point of gradient based on operational monitoring, modelling, and/or other data) 
	Two replicate sites at each distance from source

	Nearshore spill or spill reaches shoreline
	BACI, IvC or Gradient Approach 
	Three replicate sites at each location (impact and reference) or two replicate sites at each distance from source (Gradient)

	Spill interacts with area of biological importance (bay/shoal/island)
	BACI or IvC
	Three replicate sites at each location (impact and reference)


[bookmark: _Ref505590829][bookmark: _Toc453687414][bookmark: _Toc470102182][bookmark: _Ref505602800][bookmark: _Hlk505942542]
[bookmark: _Toc508718312]

Sampling Techniques 
[bookmark: _Hlk503175938]Sampling techniques will vary depending on the objectives of the monitoring design. Titleholders, in consultation with the Monitoring Provider, should make the final decision on the appropriate sampling technique(s) and parameters that apply to the individual spill.
A summary of sampling types and techniques are provided in Table 5‑2. The final monitoring design should use a combination of these techniques. 
[Monitoring Provider shall review Table 5‑2, and finalise the monitoring design accordingly, including the sampling techniques proposed to meet the primary objective/s, in addition to best practice documentation]. 
[bookmark: _Ref508717500]Table 5‑2: Considerations for Sediment Impact Assessment Sampling Technique/s 
	Sampling Technique Considerations

	Subtidal surveys 
	· If a surface spill is still present, a hydrocarbon-free area will need to be created adjacent to the vessel to reduce the risk of contamination of sampling equipment as it is lowered through the surface of the water. This includes from hydrocarbons emanating from the survey vessel. A surface free of hydrocarbons can be created using a boom deployed from the vessel, and surface hydrocarbons can be removed from within the boom via absorbent pads
· Sediment samples should be collected using a corer/grab, either from a vessel or using an ROV, on an ongoing basis (if hydrocarbons are detected during the initial survey and attributable to the spill)
· The grab or corer for sampling marine sediments should close when the equipment encounters the seabed to ensure that the bottom has been reached and there is no loss of sediment during retrieval
· The sampler must be of sufficient size that enough sediment is obtained to provide all the samples required for each replicate
· Box corers are efficient in fine sediments but are limited in coarser sediments. A van Veen grab is better at sampling coarse substrates than the box corer but samples a smaller volume. The choice of sampler should be based on depth and substrate type
· On retrieval, samples should be examined for integrity, i.e. that grab/corer has remained closed after sample collection, the sediment-water interface is intact and relatively flat, fines have not winnowed out, or that the sample is not potentially contaminated (e.g. from grease dripping from the winch cable). If so it should be rejected, and the sampler cleaned and re-deployed
· Where practicable, a drop camera should be lowered prior to sampling in order to confirm substrate/habitat characteristics

	Intertidal surveys 
	· Determine the type of sampling equipment based on required depth of sampling (e.g. corer for shallow sampling; sediment box extraction for deeper samples) and type of sediment (e.g. loose sediment extraction for coarse sediments). Refer to methods S.8.1 to S.8.4 in the AMSA Oil Spill Monitoring Handbook (Ref. 3) for guidance on the selection of survey techniques 
· To confirm that sampling is undertaken at the same height on shore between shores, a shoreline profile should be undertaken prior to sampling. This could be undertaken using a dumpy level/theodolite and measuring poles or GPS, tape measures, tide tables, a GPS and a tide gauge
· If the shore width is limited (e.g. < 20 m) and/or steep or rocky, a profile can be undertaken using a number of meter rules and a spirit level
· Shore profiles should be undertaken at low tide – preferably during springs tides where possible, to provide a full beach profile. Sampling should always commence on a receding tide for safety reasons
· Sediment samples should be collected using a corer or box core, on an ongoing basis (if hydrocarbons are detected during the initial survey and attributable to the spill)
· A pit or narrow trench should also be dug, or a u-shape cut using a flat spade to remove a profile of the beach sediments, to assess potential for hydrocarbon impact at depth (e.g. layers) and measure depth of the water table at each site.  



[bookmark: _Toc508716421][bookmark: _Toc508718313]Monitoring Sites
This SMP requires sampling of subtidal and intertidal marine sediments to identify the spatial and temporal variation in distribution and character of hydrocarbon contamination. The hydrocarbon release trajectory and exposure of identified resources at risk such as coral reefs, intertidal habitats, turtle nesting beaches and seabird roosting habitat should be used to determine the locations to be sampled for marine sediment quality. At each location a number of sites should be chosen where sampling is not impeded by the occurrence of hard substrate or coarse principal sediment components (e.g. cobbles, boulders). 
Site selection should also consider impacts from sampling techniques on dominant biota, such as:
· Corals (hard and soft)
· Sessile invertebrates
· Seagrass
· Macroalgae
· Mangroves.
Where practicable for vessel-based surveys, a drop camera should be lowered prior to sampling in order to confirm substrate/habitat characteristics.
[bookmark: _Toc508718314]

Monitoring Parameters 
Sediment samples can be collected from sampling sites using a range of equipment such as a grab (e.g. box corer, spring loaded grab), corer; or in the case of subtidal sediment surveys via vessel, a remotely operated vehicle (ROV). The type of sampling equipment that should be used depends on a range of factors such as water depth (if applicable), sediment characteristics (e.g. fine, coarse) and sample size requirements. Samples, as a minimum should be analysed for the following parameters:
· Total Recoverable Hydrocarbons (TRH)/Total Petroleum Hydrocarbons (TPH);
· Particle Size Distribution (PSD); to characterise the effective surface area of particles available for hydrocarbon adsorption and allow for normalisation of samples (if required);
· Total Organic Carbon (TOC);
· Polycyclic Aromatic Hydrocarbons (PAH); 
· Benzene, Toluene, Ethylbenzene, Xylene (BTEX); and
· Heavy metals and metalloids (optional) (Aluminium, Arsenic, Barium, Beryllium, Cadmium, Cobalt, Chromium, Copper, Mercury, Manganese, Nickel, Lead, Antimony, Vanadium and Zinc).
Note: PAH and BTEX is typically only analysed if TRH is detected. However, samples should be analysed for PAH and BTEX at the same time if sample holding times will be exceeded while awaiting TRH/TPH results. This is particularly relevant to long field surveys where samples are nearing the end of their holding times when they arrived at the laboratory (See Table 5‑3). 
[bookmark: _Toc453687415][bookmark: _Toc470102183][bookmark: _Toc508718315]Monitoring Frequency and Duration
Following the initiation of this SMP, surveys should be undertaken at a predetermined frequency, which is likely to be at a greater frequency (e.g. every three months) in the first year, based on the biological indicators being monitored (unless the termination criteria are triggered within this time). This is to understand the initial deposition, accumulation and weathering of hydrocarbons in sediments following the hydrocarbons release. This should provide information on the potential bioavailability and toxicity of hydrocarbons, which should support the information requirements of other scientific monitoring programs. 
Survey data should be continually reviewed to determine the frequency of any ongoing monitoring based on data collected to date and the spatial, temporal, and seasonal variability of any associated biological indicators measured in other OMPs and SMPs. Survey frequency may, for example, be seasonal, six-monthly, or annual until the termination criteria are reached.
[bookmark: _Toc453687416][bookmark: _Toc470102184][bookmark: _Toc508718316]Sample Integrity
Sediment samples should be assessed prior to removal from the sediment sampler to check that sufficient volume has been collected and there is no indication of potential contamination or loss of sediment that could affect the integrity of the sample. Images should be taken of the sample prior to removal, with a photo slate in view that includes the following information as a minimum:
· Scientific Monitoring Plan name (SMP: Sediment Quality Impact Assessment) 
· Date and time
· Sample reference (including information on location, site and replicate number)
· Scale bar.
A description of the sediment characteristics should be noted, including Munsell colour, odour, sediment type, grain size, presence of foreign material, vegetation and shell fragments. 
[bookmark: _Toc508718317]Transport and Storage 
[bookmark: _Ref500764155]Recommended sample storage containers, preservation requirements and holding times are summarised in Table 5‑3. The Monitoring Provider should liaise directly with the receiving laboratory to confirm specific requirements. Samples should be transported in sealed eskies with ice blocks and completed Chain of Custody (CoC) forms. 
The Monitoring Provider should also consider sample security from point of collection to laboratory analysis and reporting of results. 
[bookmark: _Ref505587112]Table 5‑3: Recommended Sediment Storage Containers, Preservation and Holding Times
	Test Parameter
	Storage Container
	Preservation
	Holding Time

	TRH/TPH
	Wide-mouth glass container with Teflon cap liner1
	4 °C (fridge)
	14 days (plus holding extracts for up to 40 days)

	PSD
	Plastic (polyethylene) bag
	-20 °C (freezer)
	6 months

	TOC
	150 mL wide-mouth glass container 2
	-20 °C (freezer)
	6 months

	Heavy metals and metalloids (optional) (Arsenic, Barium, Beryllium, Cadmium, Cobalt, Chromium, Copper, Mercury, Manganese, Nickel, Lead, Antimony, Vanadium and Zinc)
	Wide-mouth glass container with Teflon cap liner or plastic container1 
	4 °C (fridge)
	28 days 

	PAH

	Acenaphthene
	Wide-mouth glass with Teflon cap liner2
	-20 °C (freezer)
	56 days (plus holding extracts for up to 40 days)

	Acenaphthylene
	
	
	

	Anthracene
	
	
	

	Benz (a)anthracene
	
	
	

	Benzo(a)pyrene
	
	
	

	Benzo(b) fluoranthene
	
	
	

	Benzo(g,h,i) perylene
	
	
	

	Benzo(k) fluoranthene
	
	
	

	Chrysene
	
	
	

	Dibenz (a,h) anthracene
	
	
	

	Fluoranthene
	
	
	

	Fluorene
	
	
	

	Indeno (1,2,3-cd) pyrene
	
	
	

	Naphthalene
	
	
	

	Phenanthrene
	
	
	

	Pyrene
	
	
	

	BTEX

	Benzene
	Wide-mouth glass with Teflon cap liner (taken from TRH sample)1
	4 °C (fridge)
	14 days

	Toluene
	
	
	

	Ethylbenzene
	
	
	

	Xylenes
	
	
	


1	Minimise headspace in container s. Avoid exposure to light.
2	Room for expansion (during freezing) must be left at the top of the container . Avoid exposure to light.
[bookmark: _Toc453687417][bookmark: _Toc470102185][bookmark: _Toc508718318]
Sample Analysis
Sediment samples should be analysed at NATA-accredited laboratories, using NATA accredited methods. PAH and BTEX analysis should only be undertaken if TRH/TPH is recorded. However, samples should be analysed for PAH and BTEX at the same time if sample holding times will be exceeded while awaiting TRH/TPH results.  (See Table 5‑3). PSD should be analysed using laser diffraction (for <500 µm fraction) and dry sieving (≥500 µm fraction). 
[bookmark: _Toc508718319]Mobilisation requirements
The Monitoring Provider shall provide a detailed procedure to demonstrate the steps in implementing the monitoring program, including QA/QC. Appendix A of the OSMP Framework provides example checklists for the Monitoring Provider to consider when implementing this SMP. 
[bookmark: _Toc508718320]

Standard Operating Procedures
[bookmark: _Hlk502755154][bookmark: _Ref500934745]The standard operating procedures to implement sediment quality impact assessment by subtidal or intertidal survey techniques are provided in Table 7‑1 and Table 7‑2. Titleholders, in consultation with the Monitoring Provider, should make the final decision on the appropriate standard operating procedure/s to be implemented during a spill. 
[Monitoring Provider is to develop/finalise the standard operating procedure for this OMP, in consideration of the aforementioned points, in addition to best practice documentation. Table 7‑1 and Table 7‑2 are provided as an example and must be revised to reflect Monitoring Provider’s standard operating procedures for the relevant survey techniques, described in Section 5].
[bookmark: _Ref505590702]Table 7‑1: Standard Operating Procedure for Sediment Quality Impact Assessment via Subtidal Survey
	No.
	SOP –Sediment Quality Impact Assessment via Subtidal Survey

	Pre-work

	1. 
	Select and commission vessel. Vessel should have suitable lifting equipment (e.g. Hiab, A-frame), GPS, suitable deck space, ability to move at a slow speed and be suitable for the required working environment (e.g. shallow draft for nearshore)

	2. 
	Identify initial priority areas for monitoring, the number of sampling sites and frequency of surveys

	3. 
	Assemble equipment

	4. 
	Conduct Job Safety Analysis 

	Subtidal survey 

	5. 
	Check the site for a hydrocarbon slick before setting up sampling equipment. As most sediment sampling equipment passes through the water column in the open position and only closes when it contacts bottom sediments, there is potential for contamination from a surface slick. 
If there is a surface slick, deploy a boom from the vessel and use absorbent pads to remove surface hydrocarbons from within this area. Note the presence of a slick and actions taken in the field notes. Hydrocarbon absorption using this method may not completely remove the risk of contamination but may reduce it

	6. 
	Check the equipment is empty so that no sediment remains

	7. 
	Clean sampling equipment by rinsing with decontamination solution

	8. 
	Prepare most sampling equipment just before deployment to avoid on-deck contamination. This must be done by experienced personnel only

	9. 
	Follow manufacturer instructions for how to safely and accurately set up the sampling equipment

	10. 
	Check that sampling equipment triggers are correctly set up before deployment

	11. 
	The sediment sampling equipment may be deployed over the side of the vessel via a Hiab or through an A-frame via a deck winch. The Team Lead should run the deck operations, guiding the Hiab and winch operators and any assistants

	12. 
	Lower the equipment into the water column at a rate of approximately half a metre per second. It is important that the equipment is not allowed to free-fall or to be jolted during the decent as this may trigger the catch mechanism and result in an invalid sample  
Use various equipment (e.g. the vessel’s echo sounder, ultra-short baseline, markings on the rope or cable etc.) to judge water depth water and the position of the sediment sampling equipment

	13. 
	Once the equipment has reached the seabed, the rope/cable should continue to be released (approximately one metre) to allow tension to be removed, to ensure the catch mechanism is released, so a sample is taken.  Preferably, sampling equipment should have an attached camera that can take plan view and downward-facing photos of the seabed

	14. 
	Retrieve the equipment

	15. 
	Assess the sediment samples before removing them from the sediment sampler to check that sufficient volume was collected and there is no indication of potential contamination and no loss of sediment that could affect the integrity of the sample

	16. 
	Take photos of the sample before removal, including a photo slate that shows:
Date and time
Sample reference (including information on location, site, and replicate number)
Scale bar

	17. 
	Collect subsamples from the surface 2–3 cm (leaving a 1 cm buffer between the sampled sediment and the metal wall of the sampler), put into the glass mixing bowl, then homogenise. Collect subsamples from the bowl for each analyte required

	18. 
	A sample description sheet should also be completed including date, time, sample reference and a description of the sediment characteristics, including Munsell colour, odour, sediment type, grain size, presence of foreign material, vegetation and shell fragments

	19. 
	If a Particle Size Distribution sample is required, approximately 300 - 500 ml should be taken from an undisturbed part of the sample, placed in a marked plastic bag, and stored

	20. 
	Label containers/bottles immediately with:
Sample number or code
Analysis required
Depth
Time and date (24-hour clock and dd/mm/yyyy)

	21. 
	Place samples in a small esky with frozen ice blocks. Transfer to refrigerator/freezer (depending on sample type) when possible

	22. 
	Complete laboratory-specific CoC forms

	23. 
	Complete a field log at each site, including details on:
Time personnel arrived at site
Environmental conditions at the site
Water depth
Presence/absence of a hydrocarbon slick
Sample details for individual samples (as above)
Sample description notes (oil, debris, thick slick, film etc.)
Location of each sample (GPS coordinates, place names e.g. Sandy island – western side)
Full name of person taking sample
Full name of witness (if sampling for legal purposes)
Model and serial number of monitoring instruments
Sample site reference code 
Number of samples taken from location 
Photograph numbers recorded at this site
Time departed site

	24. 
	Take photographs throughout the sampling process of:
Sampling area
Sampling site
Sampling container before the sample is collected
Sampling process
Sample container with contents and being sealed
Sealed and secured sampling containers in the case
Completed paperwork
Sealed and secured case on completion of the sampling
Keep a record of what photographs were taken (on field log) to assist with compiling the documentation at a later time



[bookmark: _Ref505590791]Table 7‑2: Standard Operating Procedure for Sediment Quality Impact Assessment via Intertidal Survey
	No.
	SOP –Sediment Quality Impact Assessment via Intertidal Survey

	Pre-work

	1. 
	Determine safety and logistical constraints for deployment of personnel

	2. 
	Identify initial priority areas for monitoring, the number of sampling sites and frequency of surveys

	3. 
	Assemble equipment

	4. 
	Conduct Job Safety Analysis 

	Intertidal Survey (Profiling)

	5. 
	Conduct a shoreline profile to confirm sampling is undertaken at the same height on shore between shores

	6. 
	To undertake a shore profile, a transect line (comprising measuring tapes) should be laid out on the shore, from sea level towards the infra-littoral fringe. The exact GPS position and time of the tide at the lower end of the transect must be noted, allowing the exact height of the shore above or below Chart Datum to be determined from the tide gauge. By measuring the vertical height between specified points (stations; with GPS positions recorded) at determined horizontal distances apart along the transect, a shore profile can be plotted, using the tide edge as the origin

	7. 
	Use dumpy level for levelling, ensuring the instrument is the same height each time. Obtain reading and repeat process along shoreline to obtain shoreline profile

	Intertidal Survey (Sediment Sampling)

	1. 
	Check the equipment is empty so that no sediment remains

	2. 
	Clean sampling equipment by rinsing with decontamination solution

	3. 
	Follow manufacturer instructions for how to safely and accurately set up the sampling equipment

	4. 
	Check that sampling equipment triggers are correctly set up before deployment

	5. 
	Take samples using the selected equipment.  If using a push core, ensure the top of the tube is sealed prior to extracting the core. If the sediment is wet or loose, or does not stick to the inside of the tube when extracted, it may be necessary to dig down beside the tube and block the bottom opening before removing the tube from the sediment. Alternately sealing the top of the tube with a bung can facilitate extraction of the core

	6. 
	Assess the sediment samples before removing them from the sediment sampler to check that sufficient volume was collected and there is no indication of potential contamination or loss of sediment that could affect the integrity of the sample

	7. 
	Take photos of the sample before removal, including a photo slate that shows:
Date and time
Sample reference (including information on location, site, and replicate number)
Scale bar

	8. 
	Collect subsamples from the surface 2–3 cm, put into the glass mixing bowl, then homogenise. Collect subsamples from the bowl for each analyte required.

	9. 
	A sample description should also be completed including date, time, sample reference and a description of the sediment characteristics, including Munsell colour, odour, sediment type, grain size, presence of foreign material, vegetation and shell fragments

	10. 
	Label containers/bottles immediately with:
Sample number or code
Analysis required
Depth
Time and date (24-hour clock and dd/mm/yyyy)

	11. 
	Place samples in a small esky with frozen ice blocks. Transfer to refrigerator/freezer (depending on sample type) when possible

	12. 
	Complete laboratory-specific CoC forms

	13. 
	Complete a field log at each site, including details on:
Time personnel arrived at site
Environmental conditions at the site
Presence/absence of a hydrocarbon slick
Sample details for individual samples (as above)
Sample description notes (oil, debris, thick slick, film etc.)
Location of each sample (GPS coordinates, place names e.g. Sandy island – western side)
Full name of person taking sample
Full name of witness (if sampling for legal purposes)
Model and serial number of monitoring instruments
Sample site reference code 
Number of samples taken from location 
Photograph numbers recorded at this site
Time departed site

	14. 
	Take photographs throughout the sampling process of:
Sampling area
Sampling site
Sampling container before the sample is collected
Sampling process
Sample container with contents and being sealed
Sealed and secured sampling containers in the case
Completed paperwork
Sealed and secured case on completion of the sampling.
Keep a record of what photographs were taken (on field log) to assist with compiling the documentation at a later time



[bookmark: _Toc508718321]Equipment Requirements 
[bookmark: _Ref500420602]The equipment requirements to implement sediment quality impact assessment are provided in Table 8‑1. 
[Monitoring Provider is to develop/finalise the equipment list specific to each SOP as per template below. Table 8‑1, is only provided as an example and must be revised to reflect Monitoring Provider’s requirements]. 
[bookmark: _Ref505592160][bookmark: _Ref505592157]Table 8‑1: Sediment Quality Impact Assessment Equipment List
	Item

	Subtidal sampling 

	Suitable sampling vessel (must be in survey for commercial use) 
	

	Sediment sampler, such as stainless-steel grab, box corer, spring loaded grab or remotely operated vehicle (ROV) with corers (or equivalent), plus spares for redundancy
	

	Deployment equipment (winches, Hiab’s, A-frame)
	

	Booms and absorbent pads (for removing any surface hydrocarbons present)
	

	GPS unit and Ultra-Short Baseline (USBL) acoustic technology (desirable) 
	

	Intertidal sampling 

	Dumpy level 
	

	Handheld GPS
	

	Tide charts 
	

	Tape measure	
	

	Shore profiling equipment (e.g. theodolite)
	

	Quadrats (various sizes)
	

	Shovels, sampling utensils 
	

	General 

	Laboratory provided sampling containers for sample collection (e.g. Teflon container s)
	

	Sample labels for sampling containers
	

	Laboratory supplied filed blanks and transport blanks with laboratory-certified clean sediment (e.g. acid washed sand)
	

	Polyethylene/ziplock bags
	

	Glass mixing bowl
	

	Stainless steel spoons
	

	Decontamination equipment 
	

	Suitable storage and transport facilities (including fridge/freezer as required)
	

	Bubble wrap
	

	Tamper-proof security seals
	

	Sampling PPE (Disposable nitrile gloves, safety glasses / goggles, overalls, Personal Flotation Device)
	

	CoC documents
	

	Sampling log book or field notebook
	

	Digital camera with spare batteries 
	

	Camera set up for sampling equipment
	

	Sampling case to hold all sampling equipment ready for transport to a spill location
	

	Field laptop
	

	Hard drives for data backup
	



[bookmark: _Toc508718322]Personnel Requirements 
Table 9‑1 below lists the minimum personnel requirements to implement this SMP.  Personnel requirements may vary depending on the methods to be implemented and the finalised monitoring design, as determined by the Titleholder IMT/EMT in consultation with the Monitoring Provider. 
[Monitoring Provider is to finalise the personnel requirements and competencies. Table 9‑1 is provided as an example and must be revised to reflect Monitoring Provider’s requirements].
[bookmark: _Ref500933769]Table 9‑1: Sediment Quality Assessment Personnel Requirements and Competencies
	Personnel 
	Responsibilities 
	Training requirements 
	Check

	Specialist sampling team (2 to 3 people)
	· Define methodology and oversee monitoring program 
· Conduct sampling, record data and arrange transfer of samples to laboratories 
· Completing field data sheets
· QA/QC data quality 
	· Minimum degree in relevant subject
· Sediment quality sampling experience
	



[bookmark: _Ref506806240][bookmark: _Toc508718323]

QA/QC Requirements 
This Section lists the minimum QA/QC requirements to implement this SMP. QA/QC may vary depending on the finalised monitoring design determined by the Titleholder in consultation with the Monitoring Provider. 
[bookmark: _Hlk509923563]These quality control samples should be taken to determine whether contamination has occurred during the sampling procedure:
· Field blank: To estimate any contamination introduced to the sample during collection. This involves following the same sampling procedure used to collect field samples, but, instead, using a sample container pre-filled with laboratory-certified clean sediment (e.g. acid washed sand). A minimum of one field blank per analyte per day should be taken.
· Transport/laboratory blank: To estimate any contamination introduced to the sample during transport, storage, and analysis, laboratory-certified clean sediment (e.g. acid washed sand) should be provided by the laboratory in the relevant sample containers and these containers are to remain unopened. The sediment should then be tested to determine any contamination from a laboratory or transport source. A minimum of one transport/laboratory blank per analyte per survey should be taken.
· Field replicate: (two separate samples at the one location) should be collected at all sampling locations.
· Field splits (three separate samples taken from the one sample) should occur at 5% (minimum) of sampling locations. Two samples should be sent to the primary laboratory and the third to a secondary laboratory to test inter and intra laboratory variability.
· Spike recovery: typically done by analytical laboratories and reported as part of laboratory quality reporting.
In addition, these measures should also be taken to QA the sampling:
· Sampler should be cleaned with decontamination solution and ultrapure water between sampling sites.
· Sample processing equipment (utensils/bowls) should be cleaned between replicates.
· Contaminant samples should not be taken from within 5 to 10 mm of the sides of the sampler walls.
· Samples where water has dripped into the sample from the winch wire should be discarded.
· Samples in which the grab has not closed correctly should be sampled again.
· Powder free nitrile gloves must be worn at all times when handling sediment sampling equipment. Gloves must be changed between each sediment sampling location or when contaminated.
· Sun cream/zinc and any other potential anthropogenic contaminants are to be avoided by those in contact with the sediment sampling equipment.
· No smoking is to occur while sampling is being undertaken.
· As far as possible, the insides of the sample container lids are not come in contact with anything potentially contaminated (such as hands, surfaces, or vessel).
· A review of the deck should be undertaken before vessel departure to identify any areas of potential contamination and to define a clean area where sample processing may be undertaken to reduce contamination risk.
· Take GPS waypoints of all sites sampled from the vessel.
· Checks of sample storage temperatures should be undertaken at the beginning of each shift. For 12-hour operations, this should be undertaken at both the start and the end of each shift. The checks should be logged and records stored electronically.
· If security of samples is deemed to be a risk, a “custody seal” will be attached to each sample container and/or storage container.
[bookmark: _Toc502661780][bookmark: _Toc502661797][bookmark: _Toc503354166][bookmark: _Toc508718324]
Data Analysis and management 
This Section lists the minimum data analysis and management requirements to implement this SMP.   Data requirements may vary depending on the methods to be implemented and individual Titleholder requirements. These should be discussed and confirmed by the Titleholder in consultation with the Monitoring Provider when finalising the monitoring design. However, the Monitoring Provider shall engage a reputable laboratory to undertake analysis using NATA accredited methods (where available) and/or demonstrated best practice in accordance with Australian Standards and industry guidelines. The LOR should be low enough to allow comparison against benchmark levels and confirmed with the selected laboratory prior to sampling.
[bookmark: _Toc508718325]Field Data
Any digital field data should be downloaded from the monitoring instrument as soon as practicable following retrieval of the instrument and backed up onto independent storage media (e.g. USB drives). Written field data should be entered into digital format at least daily (e.g. transcribed into spread sheets, hard copies scanned) and backed up onto independent storage media (e.g. USB drives). All written data sheets should be stored securely. All data in digital format should be transferred for additional data security where practicable. 
[bookmark: _Ref506806282][bookmark: _Toc508718326]Data Analysis 
[bookmark: _Hlk507407391]Laboratory results should be interrogated to understand the composition, behaviour, persistence and fate of hydrocarbons in sediments to provide data to assist in the assessment of whether spilled hydrocarbons are likely to be the cause of any identified impacts to sensitive receptors. 
All laboratory results should be reviewed upon receipt and any anomalous values discussed with the laboratory as part of the QA/QC process. This should include an assessment of the precision (or repeatability) of the analysis, including the calculation of the relative percent difference and the relative standard deviation, as applicable.  
[bookmark: _Hlk507407216]All data analysis methods should be clearly described as part of any reporting. The methods should be sufficiently detailed such that the analysis can be independently replicated and the same results obtained by a competent third party unfamiliar with the monitoring program.
Comparisons of hydrocarbon, PSD and TOC results from exposed and reference sites should be made, including appropriate statistical comparisons. All sample results should be compared to the relevant Australian toxicant default guideline values, available at https://www.waterquality.gov.au/anz-guidelines/guideline-values/default/sediment-quality-toxicants . Where guideline values are either not available or have been exceeded, results should be compared to other benchmark levels which can be defined as 1) relevant regulatory site-specific trigger level (where these exist); or 2) baseline levels; or 3) reference site values (whichever is applicable). Additional guidance can also be found at https://www.waterquality.gov.au/anz-guidelines/guideline-values/default/sediment-quality-toxicants . 
For samples where analytical data indicate the concentration levels exceed the individual guideline  or benchmark values, further investigations should occur to assess the likelihood that the exceedance resulted from the spill and poses an environmental impact. Interpretation of results should also be presented spatially to identify patterns of hydrocarbon contamination and environmental factors (e.g. sediment PSD/classifications, TOC) at local and regional scales. Comparisons should also be made within and between sites over time following repeated sampling.
Data from other OMPs and SMPs that are available that may inform data analysis (e.g. spatial extent, including information on water depths, of hydrocarbon contamination) should be considered where applicable. 
The data analysis outcomes of this SMP should be presented in a format(s) that can be applied to other SMPs to support assessment of cause-effect pathways for the determination of spill impacts to sensitive receptors.
[bookmark: _Toc508718327]Data analysis should also consider the termination criteria for this SMP.
Data Management 
Data received from the service provider should be formatted and saved as per standard accepted data formats to maximise interoperability between modelling and visualisations systems. Standardised data formats should provide efficiencies in automated data quality control and archiving systems. Archiving of both input data and simulated trajectories and fates of spilled hydrocarbons is critical for post incident performance analysis and potential forensic analysis of spill response procedure. Data should be stored digitally and backed up on to independent digital storage media. All datasets should be accompanied by a metadata summary and documented QA/QC procedures.
[bookmark: _Toc508718328]Reporting
[Monitoring Provider is to review and finalise reporting requirements listed below, including a description of the proposed content, indicative delivery timeframes etc.]
The recommended QA/QC protocols for record keeping related to this SMP includes: 
· All records should be kept in a field log. This log should be copied to an electronic spreadsheet each day;
· All electronic data should be backed up onto external hard drives each day;
· Original hardcopies of datasheets should be transferred to a project folder and kept in a secure location (e.g. Wheelhouse or vessel survey laboratory);
· GPS positional information and photographs should be downloaded and backed up onto external hard drives each day;
· Hard drives should be transported by the demobilising survey team; and
· Copies of datasheets and analysis should be archived.
Data received from the laboratories (including backups) should be downloaded and stored on the Monitoring Provider’s computer system. These data are usually received approximately two to three weeks after receipt of that batch of samples. QA/QC’d data should be presented in spreadsheet format and then transferred to the Titleholder as required. 
[bookmark: _Toc508718329]Deliverables 
A final report that includes:
· Spatially explicit information on the concentrations and nature of hydrocarbons for all sediment samples;
· [bookmark: _Hlk509924216]Digital maps generated of hydrocarbon concentrations and associated data, including comparison of impact and reference sites; 
· Where appropriate, data provided by this monitoring should be integrated with data from other relevant SMPs (e.g. Water quality) to fully understand the three dimensional distribution of the spill; and
· Any data outputs made available to other relevant SMPs .

[bookmark: _Toc508718330][bookmark: _Hlk500930001]
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