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Harmonised reporting format to compile environmental monitoring data and information related to offshore oil and gas activities

The following reporting format shows how data from sediment monitoring should be presented in a harmonised and transparent manner. 

Summary report

1.
The summary report should not exceed a total of 50 pages. The target group of this report is clients, local and central government administration.

2.
The summary report should contain the following elements:

· a condensed abstract that states the objective, a tabular and/or graphic overview of  environmental conditions, and trends in the area concerned. The abstract should be the same for the summary and main report, 
· a description of the field work, including the real positions of the samples taken (geographical station coordinates ±50 m) and the navigation system used, 
· the main results and discussion (illustrated by general diagrams and tables). Major trends and comparisons with any former surveys should be presented. Maps of the actual influence area for chemical pollution and biological effect from the individual fields and regions should be presented where appropriate, 
· conclusions and recommendations. 
Main report

3.
The target group of the main report is clients, environmental authorities, research and consultancy circles. The main report should be the technically comprehensive report. It should contain a complete documentation of the monitoring performed, focusing on:

· the results and conclusions from the survey 

· trends within the region and the region’s individual fields 

· problems that should be prioritized in the further monitoring 
4.
The main report should cover the following elements:

a.
Abstract

A condensed abstract that states the objective, a tabular and/or graphic overview of the environmental conditions, and trends in the area concerned. The abstract should be the same for the summary and main report.

b.
Introduction

The elements below should be described for the individual fields and the region as a whole, where relevant:

· drilling and discharge history, and other activities that may have influenced the chemical and biological conditions up until the survey. The number of wells drilled, discharge of barite, cuttings, oil-based, synthetic, and water-based mud, in addition to cementing and completion chemicals, oil in produced water and acute discharges should be stated. All discharges should be stated in tonnes. Any recently performed excavation and dredging activities should be stated. 
· former surveys (table) 
· the main pollution trends up until the survey 
· special goals and priorities for the reported survey 
c.
Methods

The following should be stated and discussed:

· a station map with coordinates, scale, isolines of depths, sub-fields, and other important installations etc., 
· justification of the station choice (when establishing the stations), 

· brief description of the field program performed, including period of survey implementation, the number of stations or sampling areas, the positioning system,  the program at each station or sampling area and any failure or deviation (e.g. samples with a high content of pebbles) from the guidelines, including justification (complete field logbook in an appendix), 
· Those situations where the content of pebbles in the sediment are so high that the station is left without having samples or if the samples have been rejected, the reasons for this has to be described, 
· brief description of the physical, chemical and biological analysis procedures in the laboratory, including a description of any failure and deviation, and a justification and evaluation of the effects for the results, 
· If the content of pebbles in the sediment is high, this has to be described in the report and possible effects on the results as a consequences of this, 
· the principles of the performed quality control in the field and in the laboratory (may be kept short if the consultant is accredited for the analysis concerned). Any accrediting status and evidence should be enclosed in an appendix. Documentation of the control results (chemistry) should be included in an appendix. 
· the formulas that are used for indexes, the statistical methods that are used etc. 
· the place and procedures for the storage of the completely processed material (samples, reference collections, databases), the responsibility for and availability of the material and results 
d.
Results and discussion

This chapter should present and discuss the results from the survey. The results from both the regional and field-specific stations should be presented.

Characterization of the individual station

The observations and average results that are found for all of the physical, chemical and biological parameters and the required indexes should be presented here, as far as possible in the form of tables and figures. For the fauna the sum of all individuals per species should be presented. Furthermore, other special features of the station or sampling area of significance to the further discussion should be presented.

Characterization of each individual field

· the average values, span (min.-max. and SD or SE) and the geographical gradients in the concentrations and the biological indexes over the field 
· comparison with the corresponding features at the regional stations 
· indication of both chemically contaminated and biologically influenced area 
· time trends on the field for the features stated in the items above 
Characterization of the region

· the average values, span (min.-max. and SD or SE) and the geographical gradients of the concentrations and the biological indexes over the regional stations, compared with the unaffected reference stations, in order to describe the natural conditions and variability 
· results from the multivariate analyses of the similarity between the station groups, sub-fields etc. 
· the correlation between physical/chemical characteristics and the biological properties 
· indication of the total area that is chemically contaminated and biologically influenced in the region 
· changes in the above items since the last survey 
The fact boxes on the next page contain a list of what to be included in the result and discussion chapter. The following questions should be addressed:

· do the stations form any pattern in similarity over the field or regions? If so, what characterizes the pattern? 

· how far from the discharge source can the chemical contamination and the biological impacts be detected statistically? 
· what area can be defined as a “gray zone" (elevated values without being significantly different from the background level)? 
· what biological impacts can be detected (including impacts on individual species), and at what distance? 
· to what extent do the responses correspond with the gradients in the natural and anthropogenic environmental parameters? 
· to what extent do the results correspond with former surveys? 
· to what extent do the results correspond with relevant surveys from adjacent areas? 
· are the effects correlated with the discharge history of the region or individual fields? 
The area of chemically contaminated sediment and the area of influenced benthic fauna should be calculated for the individual fields and for the regions. The areas should be presented on a tabular form (km2 of chemically contaminated and biologically influenced areas) and in the form of maps of the individual regions.
	Physical/chemical characterization
	Biology characterization

	· the grain size distribution should as a minimum be divided into sand and clay/silt (>and< 63 µm) and different sand fractions (63‑2000 µm) for each station 

· for the grain size median particle diameter should be stated, in addition to standard deviation, skewness and  kurtosis 
· colour, smell, visual appearance 
· total organic material (TOM) 
· table with all of the chemical data (and selected average values from one year to another) 

· a plot of the relevant chemical data vs. year, presented with mean value and standard deviation 
· the background levels based on the data from the year concerned alone, and combined for the entire set of data (from and including 1996) in order of priority, either for: 

- the entire region (all reference and regional 

              stations)


- any sub-regions (based on selected reference and regional stations)


- alternatively each field-specific reference     

              station​ (including the unaffected stations on  

              the field) 

· an indication of what concentrations are significantly different from the background level 
· the total influenced area (metals and hydrocarbons) should be stated 
· variations in the concentrations over time 
              distribution gradients (pattern) for selected  

               parameters                                                                    


	· community indexes 
· the indexes, the number of species and individuals standardized at a 0.5 m2 sediment (per station) 
· graphs for the species vs. the collected area (10 grab sample stations only) 
· the 10 dominating species with density and  occurrence in percent 

· log-normal distribution 
· distribution gradients (pattern) for selected species and community indexes (figures) 
· similarity between the stations, grouping by means of multivariate analyses 
· geographical distribution of the station groups 
· characterization of the station groups based on: 
               - depths


- sediment conditions


- organic content


- hydrocarbon content


- metal content


- biological parameters

· analysis of the correlation between community indexes, the density of selected species, the physical characteristics of the sediment, hydrocarbons and metals. Any significant correlation should be further analyzed for cause-effect relationship 


e.
Total evaluation and conclusions

The chapter should contain concluding considerations concerning the environmental condition and development on the various fields and in the regions.

Major trends in the sediments for the region and the various fields should be specified. Special problem areas should be identified and proposals for how to clarify potential environmental problems related to the pollution from the petroleum activity through a field or laboratory experiment should be presented.

f.
Recommendations

Recommendations related to the next survey should be made on the basis of the results that have come to light in the survey.
Appendix

4.
If the appendix gets too voluminous, it should be prepared as a separate report.

The following should be stated:

· the field survey reports (field logbooks), presenting the date, time, position (GMS and UTM, in addition to the reference network on which it is based should be stated), depth, the number of grabs/core samples, and weather conditions on a tabular form for each station 

· the analysis report 
· tables with all analysis data 
The data should preferably be electronically available.

APPENDIX 1: Guidance for Environmental Sediment Monitoring of Petroleum Activities

GENERAL

1.
The following is an elaborated version of the Technical Annex 2 to the OSPAR Guidelines on Monitoring the Environmental Impact of Offshore Oil and Gas Activities describes parameters to be analysed and which methods to be used, and requirements for accreditation and reporting, in relation to sediment monitoring.
2.
The National Continental Shelves should be divided into regions for seabed monitoring purposes. The monitoring surveys in the individual region should be conducted every three years. The surveys alternate between the regions. The scope of the monitoring should be related to the offshore activity in the individual regions, and the scope of the surveys should preferably be approximately the same from one year to another to allow for comparison. The monitoring of new activities should be added and adapted to the existing monitoring. If there are great variations in depths and/or sediment types, the regions should be divided into sub-regions.

3


The samples from the regional and field-specific stations should be taken during one and the same field survey. The regional stations should describe the general background levels in the area for the components that are studied. The field-specific stations should give information about the condition around the individual installations in the region.

4.


In addition to investigating the spread of impact around the individual installation, the sectioning that is done of certain sediment samples should also give an estimate of the vertical distribution of metals, hydrocarbons and drilling fluid in the sediment.

QUALITY CONTROL REQUIREMENTS

5.
Prior to awarding any environmental monitoring contracts, the operator should document that the following conditions are complied with by the contractor concerned (the documentation should be referred to in the plans for environmental surveys to be submitted to the national competent authority, and should be presented to the national competent authority by request.

6.
The contractor and/or his sub-contractor should be accredited according to ISO 17025. The accreditation should include all stages from planning, through sampling and analysis, until the resulting data exist. ISO 17025 points to necessary general competence to ensure representative data, from planning of cruises to sampling, equipment, storage, analysis and reporting. This is to ensure that contractor or subcontractor are able to work according to standards, being accredited and supply scientific results, based on harmonised techniques. If institutions are approved according to the OECD’s GLP system for the same areas, also this should be accepted. In areas where no public approval programs exist, an exception may be made from this rule.

7.

The national competent authority may also permit consultants that are in the process of being accredited to get assignments. However, they should be able to document that the accrediting process for the relevant methods has started, and present a schedule for when the accreditation is expected to be granted. The accrediting should preferably be finalized for the relevant methods by the time the activities are to be performed.
8.

Confirmation of compliance with the above requirements should be included in the operators’ report to the authorities as a reference to the qualification program, certificates and approval date.
SURVEY FREQUENCY

Baseline surveys

9.
Baseline surveys should be performed prior to: 

a) exploration drilling in deep waters [>600 m]

b) exploration drilling in areas where particularly vulnerable environmental resources have been detected in association with the sediments, or where there is reason to assume that such exist

c) in other areas prior to the start of production drilling and development on the various fields.

The above items apply to all types of installations. 

Field-specific surveys

10.
The survey frequency should be the same for all types of fields/development concepts.

a) the monitoring surveys on the field should be phased in with the first regional survey in the region.

b) after the initial survey monitoring surveys should be performed every three years, as part of the regional monitoring surveys.

c) after the production phase is completed another two monitoring surveys should be performed at three-year intervals. The national competent authority will then decide whether further monitoring of the field is needed.

11.


In waters near the coast or close to areas where particularly vulnerable environmental resources are detected, or can be assumed to exist, shorter intervals between the monitoring surveys may be relevant. Requirements for this may be included in the individual field’s discharge permit.

Regional surveys

12.
The regional sediment monitoring should be divided into separate regions. Investigations of the sediments in the various regions should be performed every three years. A standard regional monitoring survey includes both the regional and field-specific stations in the region.

STATION NETWORK

13.
Since the monitoring focus is on regional impacts of the field developments in addition to the impact development around the individual field/installation the station network should be adjusted accordingly.

Baseline surveys – station selection in general

14.
In selecting stations within one region it should be ensured that the field-specific and regional stations are coordinated.

The following elements should generally be emphasized during the selection and positioning of the stations:

a) the stations should cover the different major seabed types (sand, clay etc), emphasizing the sedimentation areas 

b) if the water depths in the region vary, the stations should be positioned in such a way that the various depth intervals can be described

c) the stations should cover all parts of the region with existing, or future, field developments 

16.
The location of the stations for the field-specific as well as regional surveys should be based on information on:

a)
topography

b) sediment conditions to ensure that the stations are located in areas with sedimentation, and

c) current/dispersion conditions in the area concerned.

17.

The operator is responsible for placing this information at the disposal of those who are establishing a new station network. The current data should both cover several depths and the various seasons of a year. Data for the area right above the seabed and for the depths were discharges are planned/expected are particularly important.

18.


The more specific elements to be emphasized either in the field-specific or the regional station selections are stated below:

Baseline surveys – field-specific stations

19.
More reference stations than it is relevant to cover in the follow-up monitoring should be established during the field-specific baseline surveys for optimized station selection during the next survey.

20.


The field-specific stations should be placed in a grid, covering the whole expected geo​graphical area that will later be included in the monitoring program. They should thus cover the area where the installation(s) are to be installed, the areas where local environmental effects from future discharges can be expected according to experience, and cover the area relevant as a reference station. If the location of the installation is known at the time of the baseline survey the stations may be positioned according to a system of radiating transects rather than a grid.

21.


The positioning and area of the grid should be decided on the basis of the expected influence area based on discharge quantities and dispersion modeling. The operator should be able to document the reasons for the selection of station locations in the light e.g. of current conditions, depth intervals etc.

22.


The station network for baseline surveys in deep waters (600 meter and deeper) should be put into a grid due to the great dispersion that discharges from the surface will involve.

Baseline surveys – regional stations

23.
In the regional baseline survey more than 10 regional stations should be established. For later monitoring surveys the 10 most representative stations should be included. The stations should be distributed in such a way that minimum 3 regions/reference stations are included in each depth interval and each sediment type. The regional stations and the field-specific reference stations should be considered in combination as a total group of reference stations for the region.

24.


The regional stations should be placed in areas that are not expected to be affected by the discharges from the offshore industry, but only have a general impact. The regional stations should be placed outside the various installations’ (existing and planned) influence areas.

25.


As new fields are developed in the region the need for establishing additional regional stations should be considered.

Monitoring surveys

26.
Depending on the monitoring surveys in the relevant region some of the stations may be excluded and new ones included, as appropriate, in consultation with the national competent authority. The position of one and the same station, however, should not be changed from one year to another. Comparison of the results of different years for the same installation requires sampling station continuity.

27.
At stations where it is difficult to get representative samples for chemical analyses because of a high content of pebbles etc, the survey leader can leave the station without have taken any samples. The departure should be described in connection with chapter 2 Reporting in appendix 7. Inhomogeneous sediment samples containing pebbles should be prepared in the laboratory according to paragraph 62 – 100 in this Guideline.

28.


It may also be demanded that new stations are established in transitional zones between the fields where this is needed.

Monitoring surveys – field-specific stations

29.
When the location of the installation(s) and the discharge points, if any, are finally decided, the final monitoring station network should be established on the basis of the baseline survey. As many of the stations from the baseline survey as possible should be included in the final station network. This applies to cases where the positions more or less overlap naturally.

30.


The general station network for the individual stations is presented in figure 2, table 3. The station network should preferably be a radiating transect*) design with one axis along the main current direction at the bottom and one axis perpendicular to this.

31.


The bulk of the stations should be placed downstream of the predominant current direction. If no clear predominant current direction can be established the system of coordinates should be placed with one axis in north-south direction. For complex field developments (several discharge points, scattered subsea installations etc.), or if it is not yet clear how the field will be developed, it should be considered whether to keep the station network from the baseline survey, and perhaps supplement with a tighter network strategically located in relation to the installations.

32.


Both when using a grid and a system of radiating transects the station network should always include at least one station in each of the four main directions out from the field that are not chemically contaminated *) or biologically affected*). If the chemical contamination or the biological impact on a field spreads beyond the second outermost station in a direction, new stations should be established during the next monitoring survey if former surveys have indicated a tendency toward increased impact on the field. The new stations should follow the geometrical increase in distance along the axes. An expansion of the station network is not required if Ba is the governing factor. However, network expansion should also be considered in cases of great changes in the concentration of Ba from the last monitoring survey.
*)
cf. definition in appendix 6

Monitoring surveys – reference stations

33.
Each field-specific station network should have minimum one reference station. The station(s) should be the same from one year to another.

34.


The reference station(s) for a field should ideally reflect the unaffected conditions, physically, chemically and biologically. The reference stations should both have a certain geographical vicinity to the field and have approximately the same type of sediment and the same depths as the areas around the installations, but should be located outside the influence area.

35.


In some cases neighboring regional stations may work as reference stations for a field (and vise versa, the reference stations may work as regional stations), but this should not be a criterion for the location of the regional stations.

36.


In the calculation of the background values for the chemical parameters in the regions a sliding average of all reference stations and the regional stations in one and the same region the past six years should be used.

37.


The fauna at the reference stations, the regional stations and the field-specific stations should be distinguished by professional discretion based on the biological analyses, with an emphasis on the multivariate analyses.

38.


If the current direction is known the reference station should be placed countercurrent (or if prevailing current direction is not known on the 180( axis), minimum 10 000 m from the installation (table 5). If the regional stations in the area are not comparable with the individual installation’s field-specific stations three reference stations should be established for the installation. Any reference stations that are selected should as far as possible be located in areas that are neither assumed to be affected by discharges in the region now, or to get affected later. 

39.


If the reference station, due to new field developments, is no longer suited, new reference stations should be established. 

Table 3
Standard field-specific station network for sediment monitoring. The reference stations put in a  



bracket (  ) on the 0º and 90º axes should be used if the regional stations in the area are not 



comparable with the field-specific stations. There should always be a total of three reference and 



regional stations with sediments and depths comparable with each field. The 0º axis is 



downstream of  the main current direction, alternatively to the north. 

	Direction
	Station
	Distance from zero  (m)

	0(
	1
	250

	
	2
	500

	
	3
	1000

	
	4
	2000

	
	5
	4000

	
	
	(min. 10 000 (ref. st.))

	90(
	6
	250

	
	7
	500

	
	8
	1000

	
	9
	2000

	
	
	(min. 10 000 (ref. st.))

	180(
	10
	250

	
	11
	500

	
	12
	1000

	
	13
	2000

	
	14
	min. 10 000 (ref. st.)

	270(
	15
	250

	
	16
	500

	
	17
	1000

	
	18
	2000


Figure 2
Standard field-specific station network for the monitoring surveys of sediments 



around the installations. The stations are numbered, and the individual station’s 



distance from the installation is stated in table 5. The predominant current direction 



is stated by the arrow in the figure. 
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ANALYSIS PARAMETERS

40.
The aspects below should be studied:

Sediment description in the field

41.
The following description of the grab samples should be made in the field for all types of surveys:

a) visual description of the sediment surface (such as the presence of cuttings and empty shells)

b) the presence of fauna that is easy to see

c) colour in accordance with "Munsell Soil Colour Chart System" (Munsell Colour, Maryland, U.S.A.)

d) smell (such as H2S or oil)

Physio-chemical sediment characterization

42.
Table 4 lists the analyses to be conducted on the sediment samples, and the number of samples that each of the analyses should cover. 

Total organic material (TOM)

43.
Analysis of TOM should be conducted in the baseline survey and in the monitoring surveys. 

Grain size distribution

44.
A complete analysis of the grain size distribution should be conducted at all stations during all surveys.

Hydrocarbons and synthetic drilling fluids

45.
Basically the analyses should include the groups of substances listed below. Exceptions may be made for certain substances if the operator can document that no such discharges have taken place. The operator should also consider whether to analyze the sediments for other components, based on the discharge situation on the field or in the region.

a) total hydrocarbon content (THC) should be studied at all stations and during all surveys.   

b) the aromatic hydrocarbons naphthalene, phenatrene/anthracene, dibenzotiophene and their C1-C3 alkylhomologes*) (NPD) should be studied at selected stations during the baseline survey and the ordinary monitoring (table 4). The other stations should be analyzed for NPD if the concentration of THC (the mean value of three grab samples, including olefins) is greater than 50 mg/kg.

c) The PAH components that are analyzed constitute US EPA’s "list of 16 compounds" (appendix 4). PAH is studied at the same stations as NPD.

d) decalins (C5-C8 alkyl decalins) should be analyzed if low-aromatic drilling fluids are used on the field. The decalins should be analyzed at the same stations as NPD and PAH. 
e) the main component(s) in the base fluid should be analyzed at all field-specific stations if synthetic drilling fluid is used on the field.

*)
cf. definition in appendix 6

Metals

46.
The analyses should cover the following elements:

a) Ba, Cd, Cr, Cu, Pb and Zn should be studied at all stations during all surveys.

b) Hg should be studied at selected stations during the baseline survey and the ordinary monitoring (table 4). 
c) Al and Li should be studied at the regional stations for normalization of the metal data (Loring, 1991) where HF/Aqua regia are used for the sediment analyses.
Biological characterization

47.
The analysis should cover benthic macrofauna. It should cover taxonomic identification of the species present and the numeric density of each species. Biomass analysis is not required. The analyses should be made at all stations during all surveys.

Other surveys

48.
The national competent authority may demand further investigations for the sediments.
Table 4
Chemical analyses of sediment samples
	
	
	Baseline survey


	Monitoring survey

	Analysis parameters
	Sediment

layer
	Field

Station
	Reference station
	Field 

station
	Reference

station
	Regional

station

	TOM*)
	0-1 cm
	1 sample
	1 sample
	1 sample
	1 sample
	1 sample

	Grain size distribution**)
	0-5 cm
	1 sample
	1 sample
	1 sample
	1 sample
	1 sample

	Hydrocarbons 

- THC

- NPD, PAH, decalins
	0-1 cm

1-3 cm

3-6 cm

0-1 cm

1-3 cm

3-6 cm
	3 samples

1 sample a)
1 sample a)
3 samplesa)
1 sample a)
1 sample a)
	5 samples

1 sample

1 sample

5 samples

1 sample

1 sample
	3 samples

1 sample a)
1 sample a)
3 samplesa)
1 sample a)
1 sample a)
	5 samples

1 sample

1 sample

5 samples

1 sample

1 sample
	3 samples

3 samples



	Synthetic 

drilling fluids
	like THC
	like THC
	like THC
	like THC
	like THC
	-

	Metals

- Ba, Cd, Cr, Cu, Pb, Zn

- Hg

- Al, Li
	0-1 cm

1-3 cm

3-6 cm

0-1 cm

1-3 cm

3-6 cm

0-1 cm
	3 samples

1 sample a)
1 sample a)

3 samplesa)
1 sample a)
1 sample a)

-
	5 samples

1 sample

1 sample

5 samples

1 sample

1 sample

-
	3 samples

1 sample a)
1 sample a)

3 samplesa)
1 sample a)
1 sample a)

-
	5 samples

1 sample

1 sample

5 samples

1 sample

1 sample

-
	3 samplesb)
3 samples

3 samplesc)


If THC is greater than 50 mg/kg then NPD and PAH should be determined, plus decalins if low aromatic drilling fluid is used. The investigation should only be made in the upper 0-1 cm layer.

a)
only at the two closest stations downstream of the installation.

b)
dissolution both with nitric acid and with HF/Aqua regia, 3 + 3 samples

c)
dissolution with HF/Aqua regia

*)
sediment samples are taken from the sample for the grain size distribution

**)
blend samples from the three grab samples at the station

SAMPLING AND TREATMENT

49.
For sampling and treatment (including requirements for survey vessels, the keeping of a field logbook, selection of samplers, collection procedure etc.) in the field, see EN ISO 5667-19 and EN ISO 16665.

Collection

50.
In connection with the baseline survey an appropriate sampler both for biological and chemical samples should be selected and indicated. The same type of sampler should later be used for all surveys on the field. No other type of sampler than the one selected for the baseline survey should be used without the national competent authority approval.

51.
The bottom samples should be taken with an appropriate tool in order to avoid compression of the sediment. When taking sub-samples for the metal and hydrocarbon/drilling fluid analyses equipment that does not contaminate the sample should be used (cf. chapters 5.4 and 6 of EN ISO 5667-19). 

52.
Each individual sample should be packed, stored and analyzed separately.

Physical and chemical analyses

53.
3 samples should be taken both at the field-specific and regional stations. At the reference stations 5 samples should be taken for the chemical analyses.

Benthic fauna analyses

54.
5 samples should be taken of the sediment both at the field-specific and regional stations. At the reference stations 10 samples should be taken.

Physio-chemical sediment characterization

55.
For a further description of samples to be taken from the various sediment layers, see table 5.

Total organic material (TOM)

56.
Sub-samples for the TOM analysis should either be taken from the sub-samples taken for the hydrocarbon analyses or the metal analyses.

Grain size distribution

57.
A blend sample should be made of the upper 0-5 cm of the sediment layer for an analysis. The sample should be mixed from the three grab samples taken at each station. 

Hydrocarbons, metals and synthetic drilling fluids

58.
Separate samples should be taken from the upper 0-1 cm of the sediment layer from each grab sample for the metal analyses and for the hydrocarbon/drilling fluid analyses.

In addition samples should be taken from the 1‑3 cm and 3‑6 cm layers from one of the samples at the station 250 m and 2000 m respectively downstream of the installation, and at the reference station.

Biological characterization

59.
For the sifting of biological samples in the field, see chapter 5.6 of EN ISO 16665. The samples should be sifted through 1 mm sieves. Sieves with circular holes should be used.

Conservation
60.
The sediment samples for the TOM, hydrocarbon, synthetic drilling fluid and metal analyses should be stored at minimum -20(C before the analysis.

61.
For the conservation of biological samples in the field and storage of the same, see chapters 5.7 and 7 respectively of EN ISO 16665.

Table 5
Collection of sediment samples
	
	Baseline survey
	Monitoring survey
	

	Analysis parameters
	Field

station
	Reference station
	Field

station
	Reference station
	Regional station
	Conservation

sample  quantity

	TOM*)
	
	
	
	
	
	

	Grain size distribution **)
	1 sample

0-5 cm
	1 sample

0-5 cm
	1 sample 

0-5 cm
	1 sample 

0-5 cm
	1 sample 

0-5 cm
	-20°C

100 g

	Hydrocarbons
	3 samples

0-1 cm

1 sample a)
1-3 cm

1 sample a)
3-6 cm
	5 samples

0-1 cm

1 sample

1-3 cm

1 sample

3-6 cm
	3 samples

0-1 cm

1 sample a)
1-3 cm

1 sample a)
3-6 cm
	5 samples

0-1 cm

1 sample

1-3 cm

1 sample

3-6 cm
	3 samples

0-1 cm

-

-
	-20°C

300 g

	Synthetic drilling fluids
	3 samples

0-1 cm

1 sample a)
1-3 cm

1 sample a)
3-6 cm
	5 samples

0-1 cm

1 sample

1-3 cm

1 sample

3-6 cm
	3 samples

0-1 cm

1 sample a)
1-3 cm

1 sample a)
3-6 cm
	5 samples

0-1 cm

1 sample

1-3 cm

1 sample

3-6 cm
	3 samples

0-1 cm

-

-
	-20°C

300 g

	Metals
	3 samples

0-1 cm

1 sample a)
1-3 cm

1 sample a)
3-6 cm
	5 samples

0-1 cm

1 sample

1-3 cm

1 sample

3-6 cm
	3 samples

0-1 cm

1 sample a)
1-3 cm

1 sample a)
3-6 cm
	5 samples

0-1 cm

1 sample

1-3 cm

1 sample

3-6 cm
	3 samples

0-1 cm

-

-
	-20°C

50 g

	Biology
	5 samples


	10 samples


	5 samples


	10 samples


	5 samples


	10 % formol, Rose bengal / Eosin


If THC is greater than 50 mg/kg NPD and PAH should be determined, plus decalins if low aromatic drilling fluid is used. The investigation should only be made in the upper 0-1 cm layer.

a)
only at the two closest stations downstream of the installation.

*)
sediment samples are taken from the sample for the grain size distribution

**)
blend samples from the three grab samples at the station

ANALYTICAL METHODS

62.
All results from the chemical analyses of the sediment should be standardized against dry weight (kg) of sediment.

63.
All pebbles with a size lager than a pea, i.e. about 5 mm, should be picked out either by hand or by sending the sediment through a funnel of equal size.

Total organic material (TOM)

64.
TOM should be determined as loss on ignition at controlled temperature that prevents loss of carbonate in accordance with NS 4764.

Grain size distribution

65.
The method for determining the grain size distribution is described in Buchanan (1984). A separation of the sand fraction from silt and clay is first performed by wet sifting through a 63 (m sieve. The sand fraction (> 63 (m) is sifted again in a dry condition by means of a series of Wentworth sieves with pores ranging from 2000 (m to 63 (m in size (for example sizes 2000, 1000, 500, 250, 125 and 63 (m). 

66.
The weight of all fractions should be determined (at the nearest 0.01 g) and a cumulative weight percent distribution should be calculated for each station. The calculations should be further used for determining the median particle diameter and standard deviation, as well as skewness and kurtosis of the grain size distribution. 

Hydrocarbon analyses

67.
All samples from each station should be analyzed for hydrocarbons in accordance with chapter 4.2.3.

68.
The sediment should be extracted by means of saponification (Anon., 1982) or by Soxhlet extraction (using methanol and a solvent such as dichloromethane or cyclohexan). If other extraction methods are to be used, it should be documented that the results are similar to saponification/ Soxhlet extraction of sediments that contain sand and clay, and that the individual PAH compounds are quantitatively extracted.

69.
The polar fraction should be removed from the extract by means of adsorption chroma​tography (Florisil or silica).

70.
THC should be determined by means of GC/FID in the retention window C12 to C35. A sample of a reference oil (HDF 200) should be used for the quantification.

NPD, PAH and decalins should be determined by means of GC/MS.

71.
The detection limit and quantification limit should be calculated in accordance with guidelines issued by ACS Committee on Environmental Improvement (1980).

Reference material

72.
Suitable certified reference material for PAH would for example be PAH contaminated soil (CRM 103-100) and Petroleum crude oil (Standard Reference Material 1582).

Synthetic drilling fluids

73.
The sediments should be analyzed for the content of the main components of the synthetic drilling fluids. 


74.
The analytical method should be adapted to the compounds concerned. If practical, the extraction of the sediment samples and further processing can be made together with the hydrocarbon analyses.

75.
In the quantitative determination a relevant internal standard should be used. A sample of the drilling fluid should be used as a reference.

Metal analyses

76.
A further description of the detection limits for the various metals is given in appendix 5. The procedures for metal analyses are partly based on the recommendations from PARCOM/ICES (1990 and later revisions).

77.
The samples from the field-specific stations (including the reference station(s)) and from the regional stations should be analyzed after dissolution with nitric acid (NS 4770). 78.


The samples from the regional stations should in addition be analyzed after dissolution with HF/Aqua regia (Loring and Rantala, 1992).

Nitric acid dissolution (NS 4770)

79.
The sediment should be freeze-dried or dried to constant weight at 105(C, or at 40(C if also Hg is to be determined. The dried material should be sifted through a 0.5 mm sieve. The quantity of sediment in the fractions that is greater and smaller than 0.5 mm should be registered. The fraction <0.5 mm should be dissolved with nitric acid in accordance with the standard.

80.
Ba, Cd, Cr, Cu, Pb and Zn should be determined.

81.
In determining Hg the sediments should be freeze-dried or dried at 40( prior to sifting and dissolution. Cold vapor technique should be used for the analysis (EN 1483).

Dissolution with HF/Aqua regia

82.
The sediment should be freeze dried or dried at 105(C to constant weight. The dried material should be sifted through a 2 mm sieve. The amounts of sediment in the various fractions should be stated. The fraction <2 mm should be pulverized in a mortar and dissolved with HF/Aqua regia.

83.
Ba, Cd, Cr, Cu, Pb and Zn should be determined. In addition Al and Li should be analyzed for normalization of the metal values by dissolution with HF/Aqua regia.

Instrumental analysis

84.
The metals should be determined by means of an instrumental technique that is suited for meeting the detection limits stated in appendix 5.

Reference material

85.
A quality control should be made by an analysis of suited standard reference material, for example SRM 1646: Estuarine Sediment (National Institute of Standards and Technology), BCSS.1, MESS-1, PACS-1: Marine Sediments (National Research Council of Canada), MAG-1 and Marine Mud (Branch of Geochemistry, US Geo​logical Survey).

Limit for significant contamination (LSC) and interpretation

86.
To calculate LSC (Limit of Significant Contamination) a PCA analysis should first be conducted for the year in question alone and combined for the entire set of data (from and including 1996) The results from the PCA analysis will show whether it is necessary to divide the individual region into sub-regions. Any sub-regions should be the same for THC and Barium. LSC should be calculated both with this year’s set of data and the total set of data from and including 1996.

87.
The following sequence should be followed in selecting LSC: 

a) the entire region (all reference stations and regional stations) 
b) any sub-regions (based on selected reference stations and regional stations) 
c) alternatively each field-specific reference station (including the unaffected stations on the field) 
88.
The values based on the different calculation methods should be compared, and the data material to be used as a basis for the calculation of  LSC should be chosen by discretion. LSC should be stated with one decimal only.

89.
LSC should be based on mean values, using a unilateral t-test and a level of significance of 5%. 
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For a further explanation concerning the formula, see memorandum O 99218 from NIVA.

Biological characterization

90.
Special requirements for the analysis of benthic fauna samples are stated below. Reference in other regards is made to chapter 6.2 of EN ISO 16665 for the identification of species.

91.


Organisms that belong to Porifera, the meiofauna group such as Harpacticida, any planktonic organisms such as copepods and mysids, plus fish may be identified and registered if desirable, but should not be included in the calculation of community indexes and in the multivariate analyses.

92.


For certain animal groups (such as Oligochaeta, Cnidaria, Solenogastres and Phoronida) it may be necessary to operate with morphological forms or types, since the identification of species requires special expertise and fixation technique. This is satisfactory based on the requirements of the further data processing.

93.


Determination of species is required for solitary Hydrozoans, but not for the colony-forming ones.

94.


In exceptional cases large size species of Foraminifera may be identified. If so, statistical analyses should be conducted both with and without these species.

95.


Recently settled juveniles should be identified and included in the set of data. If the juveniles belong to the ten most dominating organisms the statistical analyses should be conducted both with and without these, in order to illustrate their influence.

96.

The following should be stated per station:

a) complete lists of detected species (name of species and the number of individuals per species) 
b) total number of species 
c) total number of individuals standardized at 0.5 m2 seabed area. 
d) a table of the 10 most numerous species (name of species, the number of individuals and percentage of the total number of individuals at the station). 
e) cumulative species/area graph (number of species vs. number of samples). Should only be done for the reference station (10 samples). 
f) diversity stated as "Shannon Wiener index" on log2 basis (Shannon & Weaver 1963). 
g) evenness as Pielous' "J" (Pielou 1966). 
h) expected number of species per 100 individuals (ES 100).

i) 
cluster analyses based on “Bray-Curtis dissimilarity index” (Bray & Curtis 1957), follwed by “Group Average Sorting”. 

j) cluster analyses based on "Bray-Curtis dissimilarity index" (Bray & Curtis 1957), followed by "Group Average Sorting".

k) ordination by “Multidimensional Scaling”. 
97.
All of the above results should be standardized at a surface area of 0.5 m2 of the sediment.

98.

The multivariate analyses should be conducted both on the basis of the values from the individual samples from each station and on the sum of the samples from the individual station.

99.

Other analytical methods than those mentioned above may also be used, but should then come in addition to the above. For a general reference to statistical methods see Gray et al. (1988).

Total interpretation

100.
Multivariate analyses (for example correspondence analyses) should be used for analyzing the correlation between chemical and biological parameters.

REPORTING

101.
A common report should be made for the individual region. The report should give a general idea of the major environmental trends in the region and for the individual field. All basic data and the results derived from these should be available to the authorities at all times, preferably in a central database and as an appendix to the report. The report should state where the collected data for the fields and regions is stored, as well as the name of the responsible contact person.

102.

Two separate types of reports should be developed for the environmental surveys: a summary report and a main report. The requirements for the scope and content of the reports are specified in Appendix 7.

Data

103.
Data in the form of matrix files should be included in an appendix to the report. The data should be available on spreadsheet format.

Data from the physio-chemical surveys
104.
The data from each station on the various fields should be entered into separate rows. The results from each parameter should be entered into individual columns, and if replicate values exist, these should be entered into separate rows. The station’s position in GMS and UTM coordinates, and what reference network this is based on, or in relation to the installation, should be stated in the first column.

Data from the fauna analyses

105.
The data should be organized in matrixes where each station should be entered into separate columns and each species in separate rows. The number of individuals registered for each species should be entered into individual cells in the matrix.
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APPENDIX 4: Examples of Reference Material
BCSS.1. Marine Sediments. National Research Council of Canada

MESS-1. Marine Sediments. National Research Council of Canada

PACS-1. Marine Sediments. National Research Council of Canada

MAG-1. Branch of Geochemistry, US Geo​logical Survey

Marine Mud. Branch of Geochemistry, US Geo​logical Survey

PAH contaminated soil. CRM 103‑100. Resource Technology Corporation (CRT) 

Petroleum crude oil. Standard Reference Material 1582. National Institute for Standards and Technology, USA

SRM 1646, Estuarine Sediment. National Institute for Standards and Technology, USA

APPENDIX 5: US EPA’S List Over the 16 Most Important PAH Components in a Pollution Context

Parameter


STORET No


CAS No

Acenaphthene


34205



83-32-9


Acenaphthylene

34200



208-95-8


Anthracene


34220



120-12-7


Benzo (a) anthracene

34526



56-55-3


Benzo (a) pyrene

34247



50-32-8


Benzo (b) fluoranthene
34230



205-99-2


Benzo (ghi) perylene

34521



191-24-2


Benzo (k) fluoranthene
34242



207-08-9


Chrysene


34320



218-01-9


Dibenzo (a, h) anthracene
34556



53-70-3


Fluoranthene


34376



206-44-0


Fluorene


34381



86-73-7


Indeno (1,2,3-cd) pyrene
34403



193-39-5


Naphthalene


34696



91-20-3


Phenanthrene


34461



85-01-8


Pyrene


34469



129-00-0

_________________________________________________________________

Reference: EPA test method 610 – Polynuclear Aromatic Hydrocarbons.

APPENDIX 6: Detection Limits for the Metals for Dissolution with Nitric Acid and HF/AQUA Regia Respectively
The limits are set both on the basis of the analysis instruments’ sensitivity and background values in the sediments in the North Sea.

Standard practice is to analyze the elements with different instruments:

Al, Ba, Cu and Zn with IMP

Cod, Cr and Pub with AA, graphite furnace technique

Hg with AA, cold steam technique

The detection limits ((g/g or mg/kg dry sediment) are dependent on the amounts of sediment weighed. In the table below 1 g is assumed to be weighed for HNO3 and 0.2 g for HF/Aqua regia.

	Element
	    HNO3
	HF/Aqua regia


	
Al

Al
	              -
  ‑
	             1,0
1.0

	Ba
	
1.0
	
2.0

	Cd
	
0.03
	
0.04

	Cr
	
0.5
	
0.5

	Cu
	
0.6
	
1.0

	Hg
	
0.01
	
  ‑

	Li
	
  ‑
	
5.0

	Pb
	
0.5
	
2.0

	Zn
	
2.0
	
5.0


APPENDIX 7: Definitions
Alkyl decalin:

decalin with one or several alkyl groups substituted on the basic structure.  C5 alkyl decalin, for example, is a group of isomeric compounds where decalin with five methyl groups or decalin with three methyl and one ethyl group or decalin with one  methyl and two ethyl groups or decalin with one propyl and one ethyl group may be some of the components. As a common feature of all of these isomers the constituents on the decalin ring system together form five carbon atoms.

Biological influence or impact:

where the fauna is significantly different from the fauna at the regional stations and reference stations in the individual region. This is determined on the basis of an overall evaluation of the statistical analyses performed on the biological material.

C1-C3 alkyl homologues:

are a group of isomeric compounds where the aromatic ring systems are substituted with a methyl group (C1), with two methyl or one ethyl group (C2), and with three methyl, or one methyl and one ethyl group, or one propyl group (C3).

Sub-field:

an installation on a field with several installations.

Expected background level:

the concentration of selected compounds at the reference station in the individual regions.

Grab sample:

the sample material collected in each bottom grab haul.

Baseline surveys:

the first survey of the environment in connection with the opening of new areas, or surveys made for each field before the activities in connection with development and operations are started.

Transition zone:

the transition between contaminated and/or biologically affected area and the area defined as not contaminated or unaffected.

JAMP: 

Joint Assessment and Monitoring Programme. A programme under the management of OSPAR with common guidelines for planning, implementation, analysis and reporting of surveys that include biotic and abiotic factors. Based on all surveys status reports should be developed at regular intervals from the entire or parts of OSPAR’s convention area.

Chemical contamination:

areas where the levels of the selected metals Cd, Cr, Cu, Pb, Zn and Hg and/or hydrocarbons are significantly higher than the background level for these chemical parameters at the regional stations and reference stations in the individual region.

Concentration domain:

description of a geographical area in which the dilution of a chemical constituent to a certain level occurs.

Monitoring surveys:

the routine surveys made after the activity, i.e. the production drilling, on a field or in a region has started. 

Radiating transects

two axes placed perpendicular to each other, with the main axis in the main current direction and with the installation in origo.

Regional impact monitoring:

survey of the impact of the discharges from the offshore activity on selected organisms that live in the water column.

Sediment surveys:

the physical/chemical surveys and description of the fauna in the sediment.

Condition monitoring:

measurement of the levels of chosen hydrocarbons in selected organisms.
Discharge point/the installation center:

the position where the greatest discharge from the installation takes place.

Water column:

the environment between the sea surface and the bottom sediment surface.

Water column monitoring:

surveys of organisms in the body of water, and the collection of water samples for chemical analyses.
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