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4. Sediment Hydrocarbons

Hydrocarbon concentrations at each SDX-5 sample station were determined from 2 replicate sediment samples. Replicate values are given in Table 4.1. GC chromatograms are presented in appendix 4 and full PAH data is given in appendix 5. Agreement between replicate values at each station was generally very good. 

Table 4.1 Replicate Hydrocarbon Concentrations SDX-5 Post Drill Survey 2010

	Sample ID
	Replicate No
	THC μg.g-1
	LAO μg.g-1
	% LAO
	THC-LAO μg.g-1
	UCM μg.g-1
	% UCM
	Total 2-6 ring PAH ng.g-1
	NPD ng.g-1
	% NPD
	Total EPA 16 PAH ng.g-1
	Phenols μg.g-1

	1
	1
	234
	-
	-
	234
	169
	73
	1687
	903
	54
	298
	1.37

	
	2
	255
	-
	-
	255
	188
	74
	1687
	843
	50
	323
	1.93

	2
	1
	308
	-
	-
	308
	227
	74
	1944
	965
	50
	354
	2.51

	
	2
	173
	-
	-
	173
	126
	73
	1151
	585
	51
	199
	3.25

	3
	1
	257
	-
	-
	257
	187
	73
	1697
	852
	50
	314
	2.98

	
	2
	225
	-
	-
	225
	166
	74
	1586
	799
	50
	300
	2.47

	4
	1
	303
	-
	-
	303
	222
	73
	2068
	1068
	52
	378
	2.13

	
	2
	415
	49
	12
	366
	268
	65
	2433
	1245
	51
	440
	3.16

	6
	1
	246
	-
	-
	246
	180
	73
	1855
	958
	52
	367
	2.35

	
	2
	255
	-
	-
	255
	186
	73
	1985
	1021
	51
	387
	2.50

	7
	1
	238
	-
	-
	238
	174
	73
	1554
	777
	50
	284
	3.17

	
	2
	271
	-
	-
	271
	196
	72
	1950
	990
	51
	365
	3.20

	8
	1
	1336
	550
	41
	786
	577
	43
	679
	548
	81
	56
	0.75

	
	2
	1109
	405
	37
	704
	477
	43
	617
	492
	80
	58
	0.38

	9
	1
	118
	-
	-
	118
	87
	74
	690
	353
	51
	121
	1.64

	
	2
	141
	-
	-
	141
	105
	74
	889
	442
	50
	165
	0.68

	11
	1
	130
	-
	-
	130
	94
	73
	774
	387
	50
	145
	1.01

	
	2
	174
	-
	-
	174
	127
	73
	1131
	572
	51
	213
	1.46

	12
	1
	315
	-
	-
	315
	235
	75
	2242
	1125
	50
	422
	1.78

	
	2
	214
	-
	-
	214
	165
	77
	1654
	860
	52
	327
	2.85

	13
	1
	198
	-
	-
	198
	148
	75
	1436
	718
	50
	248
	1.40

	
	2
	233
	-
	-
	233
	172
	74
	1575
	789
	50
	301
	2.06

	14
	1
	338
	-
	-
	338
	251
	74
	2184
	1075
	49
	410
	0.99

	
	2
	219
	-
	-
	219
	163
	75
	1503
	767
	51
	279
	2.02

	15
	1
	199
	-
	-
	199
	144
	72
	1204
	599
	50
	228
	0.41

	
	2
	103
	-
	-
	103
	77
	75
	528
	289
	55
	89
	0.77

	
	Min
	103
	49
	12
	103
	77
	43
	528
	289
	49
	56
	0.38

	
	Max
	1336
	550
	41
	786
	577
	77
	2433
	1245
	81
	440
	3.25

	
	Median
	236
	405
	37
	236
	173
	73
	1581
	794
	51
	299
	1.98

	
	Mean
	308
	335
	30
	269
	197
	71
	1489
	770
	53
	272
	1.89

	
	St Dev
	280
	258
	16
	155
	110
	8
	545
	257
	8
	112
	0.92

	
	%CV
	91
	77
	53
	58
	56
	12
	37
	33
	15
	41
	49


Table 4.2 Hydrocarbon Summary Statistics excluding samples where LAO is present.

	
	THC μg.g-1
	LAO μg.g-1
	% LAO
	THC-LAO μg.g-1
	UCM μg.g-1
	% UCM
	Total 2-6 ring PAH ng.g-1
	NPD ng.g-1
	% NPD
	Total EPA 16 PAH ng.g-1
	Phenols μg.g-1 

	Min
	103
	0
	0
	103
	77
	72
	528
	289
	49
	89
	0.41

	Max
	338
	0
	0
	338
	251
	77
	2242
	1125
	55
	422
	3.25

	Median
	233
	0
	0
	233
	169
	74
	1586
	799
	50
	300
	2.02

	Mean
	224
	0
	0
	224
	165
	74
	1521
	771
	51
	283
	1.95

	St Dev
	63
	0
	0
	63
	47
	1
	481
	243
	1
	94
	0.85

	%CV
	28
	0
	0
	28
	28
	1
	32
	31
	3
	33
	44


4.1. LAO Linear Alpha Olefin

The presence of linear alpha olefin (LAO) synthetic hydrocarbons were detected in samples from stations 4 and 8. These forms of synthetic hydrocarbons are the base constituent of synthetic drilling fluid, the signature of which indicates the extent of contamination from the discharge of these types of drilling fluids.

Section 1.6 gives the drilling discharge data from the SDX-5 location. It has been reported that water based drilling fluids (WBM) were used in drilling operations at SDX-5 with no discharge or spill of synthetic (LAO) based mud. However, it is noted in the project environmental Technical Note (AETC 2007) that the use of SBM systems was planned for drilling the lower hole sections of the SDX-5 well.

As an LAO signature is present, this may indicate the presence of an unreported spill or accidental discharge of LAO drilling mud or LAO contaminated drill cuttings.

LAO concentrations of 550 and 405μg.g-1 were recorded in samples taken at station 8 adjacent to the drill site. LAO was also present at station 4 replicate 2 located 200m south of the drill site, the concentration was low with 49μg.g-1.

The position of stations 4 and 8 where LAO was present is given in figure 4.1 below; these have been given a red station marker.
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Figure 4.1
Stations with LAO Signature.

Examination of the other measured parameters within these samples indicates that the concentrations of 2-6 ring PAH were within the ranges recorded in samples where LAO was absent. However, the concentration of USEPA 16 PAH at station 8 was lower with 56 and 58μg.g-1 with a higher proportion of NPD of 80 and 81%. These results are in comparison to USEPA 16 PAH of 89-422μg.g-1 and an NPD proportion of 49-55%. 

Table 4.2 gives the summary statistics excluding samples 4R2, 8R1 and 8R2 where LAO was present and will be used in the following description of results.

Total Hydrocarbons

Excluding samples were LAO was present, variation between THC concentrations was low with a %CV of 28. Concentrations ranged from 103 – 338μg.g-1 at stations 15R2 and 14R1 respectively with a median of 233 and a mean of 224μg.g-1. UCM represented a constant proportion of THC, ranging from 72-77%. 

4.2. Polynuclear aromatic hydrocarbons 

When the samples containing LAO were excluded, the variation between PAH concentrations was low with a CV of 32%. Concentrations ranged from 528ng.g-1 at station 15R2 to 2242ng.g-1 at station 12R1. The median and mean concentrations were 1586 and 1521ng.g-1 respectively. As noted above the NPD proportion of 2-6 ring PAH was constant at 49-55% in samples where LAO was not present. 
USEPA 16 PAH represented a constant proportion of 2-6 ring PAH and ranged from 89 to 422ng.g-1 at stations 15R2 and 12R1 respectively, with median and mean concentrations of 300 and 283ng.g-1.

4.3. Phenols

Variation in phenol concentrations was highest with a CV of 44%, with concentrations ranging from 0.41 to 3.25g.g-1 at stations 15R1 and 2R2 respectively. The respective median and mean concentrations were 2.02 and 1.95μg.g-1. 
4.4. Relationship between Hydrocarbon Parameters

The relationship between measured parameters was tested by a Pearson’s r correlation analysis of the replicate data. The analysis was carried out excluding samples 4R2, 8R1 and 8R2, which have been shown to have different characteristics. 

The results of the analysis are presented in table 4.3 below. With the exception of phenols strong relationships (>0.95) have been shown to exist between all measured parameters, the strength of which can be seen when the paired variables are plotted (Figure 4.2). 

The paired variable scatter plot for THC and phenol is given in figure 4.3, which indicates that the presence of both parameters are independent.
Table 4.3
Correlation between Replicate Hydrocarbon Concentrations; SDX-5 Post Drill Survey 2010

	 
	THC
	UCM
	% UCM
	2-6 ring PAH
	NPD 
	% NPD
	USEPA 16 PAH 
	Phenols

	THC μg.g-1
	1.00
	
	
	
	
	
	
	

	UCM μg.g-1
	1.00
	1.00
	
	
	
	
	
	

	% UCM
	0.05
	0.10
	1.00
	
	
	
	
	

	2-6 ring PAH
	0.97
	0.97
	0.11
	1.00
	
	
	
	

	NPD 
	0.95
	0.95
	0.11
	1.00
	1.00
	
	
	

	% NPD
	-0.06
	-0.06
	0.01
	0.11
	0.18
	1.00
	
	

	USEPA 16 PAH
	0.95
	0.95
	0.13
	0.99
	0.99
	0.11
	1.00
	

	Phenols
	0.28
	0.28
	-0.02
	0.36
	0.37
	0.23
	0.35
	1.00
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Figure 4.2 Paired variable Scatter plots
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Figure 4.3 Paired variable Scatter plot THC & Phenol

4.5. Comparison to Previous Survey Data

Table 4.4 gives the comparable averaged hydrocarbon concentrations from the 2007 baseline survey and the 2010 post drill survey.

As noted LAO was detected at stations 4 and 8, the presence of which has elevated the THC concentration from the levels recorded in 2007, particularly at station 8. The proportion of NPD is also higher at station 8 in 2010, increasing from 52-80%. 

Although the THC and PAH concentrations were slightly higher in 2010, in general the differences in average concentrations at each station were within the limits expected from sampling and analytical variation. The greatest difference was observed at stations 6, 12 and 14 with respective THC concentrations increasing from 119-251μg.g-1, 139-265μg.g-1 and 152-278 μg.g-1.

The range, median and mean phenol concentrations are lower in 2010. The greatest difference between years was the lower average concentrations at stations 8 and 15, reducing from 3.50-0.57μg.g-1 and 2.55-0.59μg.g-1 respectively. 

Table 4.5 below gives the 2007 and 2009 hydrocarbon concentrations at Shah Deniz Regional stations 31 and 32, which are located in a similar position and depth to the SDX-5 stations.

When the SDX-5 data excluding stations 4 and 8 is compared to the data from Regional stations 31 and 32, THC and PAH concentrations are slightly higher at SDX-5. SDX-5 phenol concentrations are within the range recorded at SD stations 31 and 32 and the proportion of UCM and NPD are similar.

4.6. Hydrocarbon Summary

The presence of synthetic LAO based hydrocarbons was detected in samples from stations 4 and 8, with the highest concentrations being present at stations 8. The characteristics of the hydrocarbon content at station 8 differed to all other stations, with a higher proportion of NPD and a lower concentration of USEPA16 PAH.

The detection of LAO in samples usually indicates the presence of contamination from discharged synthetic drilling fluids (SBM). 

It has been reported that no discharge or spill of SBM have taken place at the SDX-5 location. However, it has been noted in the EIA technical note that the lower hole sections of the well would be drilled using an SBM system, which suggests that an unreported discharge or spill of SBM or SBM contaminated drill cuttings has taken place.

As LAO drilling mud does not contain PAH’s, the higher NPD proportion in samples from station 8 likely indicate the presence of cuttings contaminated with LAO drilling mud and also reservoir fluids.
At the remaining stations where LAO was not detected variation between hydrocarbon concentrations was low for all measured parameters. The respective concentration of UCM and NPD was universally high and low throughout, indicating that all hydrocarbons present were heavily weathered. 

All measured parameters were related, with the exception of phenol concentrations which were found to be independent of all other compounds. This was also observed in the 2007 baseline study.

In general the THC and PAH concentrations were similar to those recorded on the 2007 baseline survey. The greatest difference was recorded at stations 6, 12 and 14, where concentrations were higher in 2010.

When compared to the data collected from Shah Deniz Regional Survey stations from a similar depth and position, the SDX-5 THC and PAH concentrations are slightly higher, phenol concentrations are within the SD regional range and the proportion of UCM and NPD are similar.

Table 4.4
Average Hydrocarbon Concentrations SDX-5 Baseline Survey 2007 & Post Drill Survey 2010

	Station
	LAO μg.g-1
	THC μg.g-1
	UCM μg.g-1
	UCM, %
	Total 2-6 ring PAH ng.g-1
	NPD ng.g-1

	
	2007
	2010
	2007
	2010
	2007
	2010
	2007
	2010
	2007
	2010
	2007
	2010

	1
	ND
	ND
	189
	244
	133
	178
	71
	73
	1117
	1687
	573
	873

	2
	ND
	ND
	145
	240
	97
	176
	68
	73
	1040
	1548
	555
	775

	3
	ND
	ND
	168
	241
	120
	176
	72
	73
	1042
	1641
	549
	825

	4
	ND
	25
	239
	359
	173
	245
	73
	69
	1374
	2251
	723
	1157

	6
	ND
	ND
	119
	251
	83
	183
	70
	73
	757
	1920
	405
	990

	7
	ND
	ND
	206
	254
	153
	185
	75
	73
	1129
	1752
	577
	884

	8
	ND
	478
	126
	1222
	94
	527
	74
	43
	833
	648
	433
	520

	9
	ND
	ND
	163
	129
	119
	96
	73
	74
	1114
	790
	535
	398

	11
	ND
	ND
	129
	152
	97
	111
	74
	73
	948
	952
	459
	479

	12
	ND
	ND
	139
	265
	108
	200
	78
	76
	799
	1948
	373
	993

	13
	ND
	ND
	148
	216
	116
	160
	78
	74
	867
	1506
	414
	754

	14
	ND
	ND
	152
	278
	119
	207
	78
	74
	867
	1844
	425
	921

	15
	ND
	ND
	152
	151
	119
	110
	78
	74
	1035
	866
	469
	444

	Min
	ND
	25
	119
	129
	83
	96
	68
	43
	757
	648
	373
	398

	Max
	ND
	949
	239
	1222
	173
	527
	78
	76
	1374
	2251
	723
	1157

	Median
	 
	 
	152
	244
	119
	178
	74
	73
	1035
	1641
	469
	825

	Mean
	 
	 
	160
	308
	118
	197
	74
	71
	994
	1489
	499
	770

	ST Dev
	 
	 
	34
	281
	25
	108
	3
	9
	171
	509
	97
	240

	%CV
	 
	 
	21
	91
	21
	55
	5
	12
	17
	34
	19
	31


ND: Not detected

Table 4.4
Average Hydrocarbon Concentrations SDX-5 Baseline Survey 2007 & Post Drill Survey 2010 Continued
	Station
	% NPD
	Total EPA 16 PAH ng.g-1
	Phenols μg.g-1

	
	2007
	2010
	2007
	2010
	2007
	2010

	1
	51
	52
	NA
	311
	1.49
	1.65

	2
	54
	50
	NA
	276
	4.97
	2.88

	3
	53
	50
	NA
	307
	3.39
	2.72

	4
	53
	51
	NA
	409
	4.71
	2.65

	6
	54
	52
	NA
	377
	2.25
	2.42

	7
	51
	50
	NA
	324
	5.13
	3.18

	8
	52
	80
	NA
	57
	3.50
	0.57

	9
	48
	50
	NA
	143
	3.16
	1.16

	11
	49
	50
	NA
	179
	3.80
	1.24

	12
	47
	51
	NA
	374
	3.87
	2.32

	13
	49
	50
	NA
	275
	3.61
	1.73

	14
	49
	50
	NA
	344
	2.69
	1.51

	15
	45
	52
	NA
	162
	2.55
	0.59

	Min
	45
	50
	NA
	57
	1.49
	0.57

	Max
	54
	80
	NA
	409
	5.13
	3.18

	Median
	51
	50
	 
	307
	3.50
	1.73

	Mean
	50
	53
	 
	272
	3.47
	1.89

	ST Dev
	3
	8
	 
	106
	1.07
	0.87

	%CV
	5
	15
	 
	39
	31
	46


NA: No Analysis

Table 4.5
Average 2007 & 2009 Hydrocarbon Concentrations at SD Regional Stations 31 & 32
	
	THC μg.g-1
	UCM %
	Total   2-6 ring PAH ng.g-1
	NPD ng.g-1

	Station 
	2007
	2009
	2007
	2009
	2007
	2009
	2007
	2009

	31
	121
	155
	86
	74
	822
	938
	296
	508

	32
	116
	168
	76
	72
	1040
	876
	349
	427


Table 4.5
Average 2007 & 2009 Hydrocarbon Concentrations at SD Regional Stations 31 & 32 Continued
	
	% NPD
	USEPA 16 PAH ng.g-1
	Phenols µg.g-1

	Station 
	2007
	2009
	2007
	2009
	2007
	2009

	31
	36
	54
	NA
	155
	3.02
	4.56

	32
	34
	49
	NA
	167
	2.42
	3.49


NA: No Analysis
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