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Introduction

Between 1946 and 1970, approximately 47,800 55-gallon drums, concrete blocks, and other containers of low-level radioactive waste were reportedly dumped offshore of San Francisco Bay. Three sites on the continental shelf and slope adjacent to the Farallon Islands were designated for the disposal of the waste (Joseph et al., 1971; NOAA, 1990; Noshkin et al., 1978; Waldichuk, 1960). According to the records, approximately 150 drums were deposited in a water depth of about 90 m, 3,600 in a water depth of about 900 m, and 44,000 in a nominal water depth of 1,800 m.  These sites are referred to here as the 90-m, 900-m, and 1,800-m sites, although the actual water depths at and around each site vary from the nominal values.

In reality, many of the drums were probably not disposed of at the specific sites. It is more likely that they litter a 1,400-km2 area of sea floor, the Farallon Island Radioactive Waste Dump (Noshkin et al., 1978), defined by the irregular polygon on figure. 1.

Excluding tritium, an estimated total of some 540 TBq (14,500 Ci) of thorium, uranium, transuranic, and other activation products, and mixed fission products were disposed of at the three locations (Joseph et al., 1971; Waldichuk, 1960). The precise amounts of individual radionuclides are not known. In addition to radioactive wastes, other wastes, including phenols, cyanides, mercury, beryllium and other heavy metals, dredge spoils, explosives, and garbage were also dumped in and around the area (NOAA, 1990).

Much of the Farallon Island Radioactive Waste Dump lies within the boundaries of the Gulf of the Farallones National Marine Sanctuary, which was designated in 1981 (fig. 1).  In 1990, the U.S. Geological Survey (USGS) and the Gulf of the Farallones National Marine Sanctuary jointly surveyed part of the Farallon Island Radioactive Waste Dump with a sidescan-sonar system. The result of this survey (Karl et al., 1994), following subsequent computer enhancement of the data to assist in the identification of barrels, was the mapping of barrel locations over an area of 125 km2. The identification of the barrels was verified during the initial survey using an underwater camera/video and subsequently using the manned Navy submersible Sea Cliff and the unmanned Advanced Tethered Vehicle. Visual observations showed the barrels to be in all states of preservation, ranging from completely intact to completely disintegrated.
The Gulf of the Farallones and adjacent areas support a major commercial fishery. The area is also used extensively for sport fishing (NOAA, 1990). Fears of radioactive contamination have previously had an adverse impact on the fishery (E. Ueber, personal communication).

Discussions between the USGS and the British Geological Survey (BGS) led to a proposal to carry out a radioactivity survey of parts of the Farallon Islands Radioactive Waste Dump Site (fig. 1). This was done using the proven BGS towed seabed spectrometer (EEL) system (e.g., Jones, 1994; Miller et al., 1977), modified to operate in deeper water (Deep Tow EEL). The main aim was to obtain regional-scale information on sea floor radioactivity levels for parts of the site, particularly with reference to USGS mapping of barrel locations using sidescan sonar data (Karl et al., 1994). Previous radioactivity measurements had been restricted to the analyses of samples of water, sediments and biota (Dyer, 1976; Noshkin et al., 1978; PneumoDynamics Corporation, 1961; Schell and Sugai, 1980; Suchanek et al., 1996). In the case of the sediments, only a relatively small number of sites had been sampled, although some samples were collected from areas adjacent to barrels using submersibles (Dyer, 1976; Schell and Sugai, 1980).

The survey was carried out in April-May 1998 on the NOAA ship McArthur and involved interagency collaboration between the BGS, USGS, U.S. Environmental Protection Agency, National Oceanographic and Atmospheric Administration, and Gulf of the Farallones National Marine Sanctuary. Work was concentrated on the shallower parts of the site where commercial fishing occurs and where locations of barrels had been mapped.
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Figure 1.  Farallon Islands Radioactive Waste Dump Site: Location map showing 90-, 900- and 1800m sites. Insets A-D show the areas covered by Figures 4-7, respectively.
Seabed gamma-ray spectrometry

The BGS EEL system (Jones, 1994; Miller et al., 1977) was developed for continental shelf use and has mostly been operated at depths less than 200 m, although it was used briefly at 600 m. Significant modifications were made to the system for the Farallon survey to cope with the much greater depths involved. This entailed uprating the pressure vessel that houses the detector to a 3,000-m capability, switching to digital data transmission to allow signal transmission through 6,000 m of cable, and completely updating the control electronics and data logging software. In addition, extra sensors were added to the seabed probe (c.f. de Meijer et al., 1997) to give pressure (=depth), temperature, and noise (=roughness) information (fig. 2). A ‘saddleback’ monitor was used to measure the strain on the towing cable to ensure that this stayed within safe working limits. This also incorporated a cable counter to keep track of the length of cable deployed.
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 Figure 2.  Schematic diagram of Deep Tow EEL system.
The detecting probe of the EEL is towed on the sea floor, protected inside a 30-m length of PVC hose (fig. 3). The gamma-ray detector used for the survey was a bismuth germanate (BGO) scintillation detector. When gamma rays interact with the detector, flashes of light (scintillations) are emitted. These are converted to voltage pulses and amplified and then sorted by pulse height. The intensity of the scintillations and the pulse height are proportional to the energy of the gamma rays. Hence the detector can measure the full gamma-ray spectrum, enabling contributions from natural and artificial radioactivity to be identified and quantified. The equipment measures the gamma emitters in the surficial sea floor material to an effective maximum depth of about 30 cm.

The length of towing cable is altered, using a remote control, to maintain the probe on the seabed as the water depth changes or to accommodate changes in the speed of the survey vessel. A clear reduction in signal is seen if the probe loses contact with the sea bed. This is apparent in both the gamma-ray data and the sound signal and enables the detector, as far as possible, to be kept on the sea floor.

Although originally developed for geological mapping and mineral exploration (e.g., de Meijer et al., 1997; Jones et al., 1988a; Ringis et al., 1993), the equipment has subsequently been used for a variety of environmental surveys. These include the mapping of artificial radionuclides discharged from the Sellafield nuclear plant in the Irish Sea (Jones et al., 1988b; Miller et al., 1982).
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Figure 3.  EEL method diagram.

Survey operations

The EEL was successfully deployed on the survey to a depth of 1,500 m. Sets of lines were towed at both the 90-m and 900-m sites. Additional shorter tows were made through known barrel clusters at the 900-m site and lines extended from the 900-m site into deeper water adjacent to the 1,800-m site (see figure 1 for index map to areas covered). Bottom sediment samples were also collected. These related both to the EEL towing and to clusters of barrels, identified from the USGS sidescan data, in areas deemed to be too rugged for bottom towing.

The survey was planned so that work proceeded from shallow to deeper water; i.e., towing conditions for the EEL became progressively more hazardous. The aim was to maximise the likelihood of successful data collection.

Approximately 90 line-km of EEL data were towed on seven parallel traverses at the 90-m site, and nine sediment samples were collected with a Van Veen grab (fig. 4). The lines were oriented NW-SE, perpendicular to the direction of the swell, primarily because the ship could not maintain other headings in the prevailing sea conditions. Towing in the shallow water and predominately smooth seafloor conditions was relatively straightforward.



Figure 4.   Survey lines and sample locations at 90-m site (e.g., (20). Contours show depths (m) below mean sea level.

A further set of seven NW-SE lines, totalling some 60 line-km, was surveyed at the 900-m site (fig. 5).  These were sited mainly on a broad spur between two submarine canyons, where seafloor



Figure 5.  Survey lines and sample locations at 900-m site (e.g., (15). Contours show depths (m) below mean sea level

gradients were not too extreme. Two short traverses (about. 5.5 line-km) were made through known barrel clusters (fig. 6).  Six sediment samples were collected with the grab related to lines towed at the900-m site as well as a further 10 samples in the vicinity of barrel clusters that were not towed with the EEL (fig. 5).



Figure 6.  Survey lines and sample locations (e.g. (12) at the ‘Cluster’ site. Contours show depths (m) below mean sea level.

Two lines (about 18 line-km) were run from the 900-m site into deeper water adjacent to the 1,800-m site (fig. 7). These were run roughly perpendicular to the main 900-m traverses, in improved sea conditions, and reached a maximum depth of 1,500 m.

Grab sampling was restricted, by the length of cable available on the ship’s sampling winch, to a maximum water depth of about 1,200 m. Thus no samples were collected from the deeper parts of the area surveyed with the EEL.

The EEL radiometric data were collected continuously over 5-s intervals with the full gamma-ray spectrum being displayed on the logging screen over the previous 10 minutes and integrated over the entire 



Figure 7.  1 Survey lines at 1,800-m site. Contours show depths (m) below mean sea level.line. At the typical towing speed of approximately 2 knots (3.6 kmh-1), a 5-s interval represents the coverage of about 5 m of seabed.

line.  At the typical towing speed of approximately 2 knots (3.6 kmh-1), a 5-s interval represents the coverage of about 5m of seabed.
Laboratory analyses

The gamma-emitting radionuclides in the sediment samples were analysed (in BGS and USGS laboratories) using high-resolution gamma spectrometry in low background counting facilities. The two sets of data are generally in good agreement. The BGS results are summarised in table 1. The Am and Pu content of a selection of samples was also investigated at BGS by alpha spectrometry, following extraction and concentration, as outlined in Jones et al. (1999). The results are summarised in table 2.

Grain size analysis of the sediments (summarised in table 3) was carried out at the USGS facility in Menlo Park. Coarse fractions were separated by wet sieving, intermediate fractions by using Rapid Settling Analysis in settling tubes, and fine fractions by using a Micromeritics SediGraph 5100 particle-size analyser.

The general geochemistry of the samples was undertaken at USGS Denver by ICP-MS following an acid digestion (see Briggs and Meier, 1999 for details). This had the dual purpose of providing background geochemical information on the sediments and their variability and of assessing whether any nonradioactive contaminants were present. The results are given in table 4.

Quality Assurance/Quality Control of the laboratory determinations was ensured by the use of international standards or other accredited reference materials and by analyzing duplicate samples and blanks. The laboratories of the BGS and USGS also took part in interlaboratory comparison exercises.

	Site
	Sample
No.
	241Am
	241Am Error
	137Cs
	137Cs
Error
	40K
	40K
Error
	U(214Bi)
	U
Error
	Th(208Tl)

	Th
Error

	Cluster'
	A1A
	<0.5
	
	0.8
	0.4
	581.6
	11.2
	44.5
	1.3
	27.6
	1.5

	
	B1
	3.5
	0.6
	1.9
	0.8
	582.1
	16.4
	49.5
	2.0
	24.9
	2.1

	
	10A
	1.2
	0.3
	0.9
	0.3
	578.8
	13.9
	24.1
	1.4
	20.2
	1.7

	
	5
	<0.5
	
	4.2
	0.8
	578.8
	16.5
	42.5
	1.9
	27.9
	2.3

	
	6
	<0.5
	
	1.8
	0.8
	560.2
	15.5
	43.7
	1.9
	24.8
	2.2

	
	7
	<0.5
	
	2.6
	0.7
	567.5
	15.3
	44.6
	1.7
	24.4
	2.0

	
	8
	<0.5
	
	<0.5
	
	591.0
	19.8
	42.7
	2.5
	21.6
	3.2

	
	9
	<0.5
	
	3.8
	0.8
	571.1
	17.5
	43.4
	2.0
	21.3
	2.3

	
	11
	2.5
	0.4
	1.7
	0.4
	612.3
	12.7
	36.2
	1.4
	26.5
	1.5

	
	12
	<0.5
	
	2.6
	0.7
	578.8
	14.7
	43.4
	1.6
	21.6
	2.0

	
	13
	<0.5
	
	2.6
	0.7
	579.2
	14.9
	42.3
	1.8
	23.4
	1.9

	
	14
	2.6
	0.4
	3.5
	0.4
	574.6
	10.4
	46.4
	1.3
	21.9
	1.3

	900m
	15
	<1.0
	
	<0.5
	
	616.4
	12.9
	17.7
	1.2
	11.8
	1.6

	
	16
	<1.0
	
	<0.5
	
	574.7
	12.4
	21.2
	1.2
	15.4
	1.5

	
	17
	<1.0
	
	<0.5
	
	584.4
	13.4
	24.2
	1.3
	22.0
	1.6

	
	18
	<0.5
	
	1.5
	0.3
	543.6
	13.4
	36.4
	1.6
	23.2
	2.0

	90m
	19
	<0.5
	
	1.3
	0.3
	522.0
	7.9
	29.6
	1.1
	29.8
	1.0

	
	20
	<0.5
	
	1.0
	0.5
	451.0
	10.9
	18.7
	1.0
	16.4
	1.2

	
	21
	<0.5
	
	1.2
	0.4
	482.0
	8.5
	18.2
	0.8
	18.1
	1.1

	
	22
	<0.5
	
	<0.5
	
	420.0
	10.3
	8.2
	1.0
	21.2
	1.3

	
	23
	<0.5
	
	<0.5
	
	193.0
	6.4
	3.8
	0.8
	6.1
	0.9

	
	24
	<0.5
	
	2.1
	0.4
	466.0
	10.9
	16.4
	1.1
	15.6
	1.2

	
	25
	<0.5
	
	1.9
	0.4
	480.0
	11.9
	18.4
	1.0
	17.1
	1.3

	
	26
	<0.5
	
	1.3
	0.3
	506.0
	7.6
	21.3
	0.7
	21.9
	0.8

	
	27
	<0.5
	
	1.0
	0.3
	476.0
	10.8
	18.7
	1.0
	17.3
	1.3


Table 1. Radionuclide data for sediment samples (in Bqkg-1) by gamma-ray spectrometry at BGS (errors are 1 ( counting errors)

Table 2. Radionuclide data for sediment samples (in Bqkg-1) by alpha spectrometry at BGS (errors are 1 ( counting errors)
	Site
	Field No.
	Longitude
	Latitude
	Depth (m)
	239/240Pu

	239/240Pu
error
	238Pu

	238Pu
error
	241Am

	241Am
error

	Cluster'
	A1A
	-123.14352
	37.62143
	1450
	
	
	
	
	
	

	
	B1
	-123.14588
	37.62096
	1150
	2.6
	0.1
	<0.1
	
	1.8
	0.2

	
	10A
	-123.15921
	37.62384
	1100
	
	
	
	
	
	

	
	5
	-123.14562
	37.62943
	1100
	3.1
	0.2
	0.3
	0.07
	2
	0.07

	
	6
	-123.15510
	37.62925
	1100
	
	
	
	
	
	

	
	7
	-123.14967
	37.62427
	1150
	2.8
	0.2
	<0.1
	
	1.2
	0.9

	
	8
	-123.15765
	37.61577
	1180
	
	
	
	
	
	

	
	9
	-123.14616
	37.61723
	1150
	
	
	
	
	
	

	
	11
	-123.14038
	37.62593
	1060
	
	
	
	
	
	

	
	12
	-123.14868
	37.61915
	1150
	
	
	
	
	
	

	
	13
	-123.15097
	37.62163
	1150
	
	
	
	
	
	

	
	14
	-123.15897
	37.61677
	1120
	2.1
	0.1
	<0.1
	
	<0.1
	

	900m
	15
	-123.17923
	37.64832
	1050
	
	
	
	
	
	

	
	16
	-123.18697
	37.63455
	1015
	
	
	
	
	
	

	
	17
	-123.20768
	37.64116
	1080
	0.8
	0.04
	<0.1
	
	<0.1
	

	
	18
	-123.18455
	37.61825
	1100
	1.1
	0.06
	<0.1
	
	<0.1
	

	90m
	19
	-123.00136
	37.60260
	136
	0.6
	0.04
	<0.1
	
	<0.1
	

	
	20
	-123.00207
	37.62037
	118
	
	
	
	
	
	

	
	21
	-123.01758
	37.62567
	123
	
	
	
	
	
	

	
	22
	-122.99587
	37.66318
	73
	
	
	
	
	
	

	
	23
	-122.98837
	37.67187
	58
	
	
	
	
	
	

	
	24
	-122.96485
	37.64437
	91
	0.8
	0.05
	<0.1
	
	0.2
	0.04

	
	25
	-122.96890
	37.59508
	114
	
	
	
	
	
	

	
	26
	-122.98218
	37.56576
	131
	
	
	
	
	
	

	
	27
	-122.90722
	37.57253
	100
	
	
	
	
	
	


 Table 3.  Summary of grain size data for sediment samples (data produced by sieving, settling tubes, and SediGraph at USGS)
	Sample
	Gravel (%)
	Sand (%)
	Mud (%)
	
	Silt (%)
	Clay (%)

	A1A
	0.0
	6.5
	93.5
	
	55.7
	37.8

	B1
	0.0
	10.5
	89.5
	
	50.8
	38.8

	10A
	0.0
	59.7
	40.3
	
	22.1
	18.2

	5
	0.0
	55.8
	44.2
	
	29.5
	14.7

	6
	0.0
	17.6
	82.4
	
	44.3
	38.1

	7
	0.0
	44.4
	55.6
	
	35.4
	20.2

	8
	nd
	nd
	nd
	
	nd
	nd

	9
	0.0
	6.3
	9.8
	
	55.2
	38.6

	11
	0.0
	7.0
	93.0
	
	53.8
	39.2

	12
	0.0
	29.1
	70.9
	
	41.9
	29.0

	13
	0.0
	17.8
	82.3
	
	45.2
	37.1

	14
	0.0
	6.0
	94.0
	
	54.1
	39.9

	15
	0.0
	67.0
	33.0
	
	18.6
	14.3

	16
	0.0
	72.0
	28.0
	
	16.8
	11.2

	17
	0.0
	33.5
	66.6
	
	36.3
	30.2

	18
	0.0
	20.9
	79.1
	
	46.6
	32.6

	19
	0.0
	93.1
	6.9
	
	4.4
	2.6

	20
	0.0
	77.0
	23.0
	
	17.7
	5.3

	21
	0.0
	68.4
	31.6
	
	27.7
	3.9

	22
	0.0
	98.0
	2.0
	
	2.0
	0.0

	23
	0.0
	98.6
	1.4
	
	1.4
	0.0

	24
	0.0
	60.4
	39.6
	
	29.2
	10.4

	25
	0.0
	66.0
	34.0
	
	27.1
	6.9

	26
	0.0
	87.7
	12.4
	
	6.9
	5.4

	27
	0.0
	80.6
	19.4
	
	15.1
	4.4


	Sample


	Al
	Ca
	Fe
	K
	Mg
	Na
	Ag
	As
	Ba
	Be
	Bi
	Cd
	Ce
	Co
	Cr
	Cu
	Dy
	Er
	Eu
	Ga
	Gd
	Ge
	Ho
	La

	
	%
	%
	%
	%
	%
	%
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm

	A1A
	7.2
	1.9
	3.5
	1.6
	1.8
	2
	0.26
	7.4
	590
	1.5
	0.2
	1
	46
	10
	150
	30
	4.4
	2.7
	0.96
	17
	4.2
	1.1
	0.88
	26

	B1
	7.2
	1.8
	3.7
	1.6
	1.7
	1.7
	0.36
	7.5
	680
	1.4
	0.1
	1
	55
	11
	150
	30
	3.9
	2.6
	0.99
	17
	4.2
	1.3
	0.89
	29

	10A
	6.4
	1.3
	6.2
	1.8
	1.6
	1.9
	0.27
	6.9
	560
	1.6
	< 0.05
	0.7
	35
	8.4
	140
	20
	2.9
	1.9
	0.8
	14
	3
	1.9
	0.62
	17

	5
	7.6
	1.7
	3.7
	1.7
	2
	2.2
	0.36
	7.5
	610
	1.5
	0.1
	1
	49
	11
	150
	30
	3.9
	2.6
	0.98
	17
	4.2
	1.2
	0.89
	24

	6
	7.1
	2.8
	3.4
	1.5
	1.8
	2.2
	0.36
	8
	580
	1.2
	0.1
	1
	45
	11
	150
	30
	3.9
	2.3
	0.96
	15
	4
	1.1
	0.81
	23

	7
	7.8
	1.8
	3.6
	1.6
	2
	2
	0.35
	7.4
	560
	1.4
	0.1
	1.1
	42
	11
	150
	30
	3.7
	2.4
	0.93
	17
	3.8
	1
	0.8
	22

	8
	7.3
	1.9
	3.7
	1.6
	1.9
	1.8
	0.4
	7.3
	670
	1.4
	0.1
	1
	47
	11
	150
	30
	4.3
	2.7
	0.99
	17
	4
	1.2
	0.92
	25

	9
	7.3
	1.9
	3.6
	1.6
	1.8
	2.2
	0.4
	7.9
	570
	1.2
	0.1
	1
	45
	11
	150
	31
	4.2
	2.7
	0.97
	16
	4
	1.2
	0.84
	23

	11
	7.8
	1.6
	3.7
	1.6
	1.9
	2
	0.23
	7
	580
	1.3
	0.1
	1
	48
	11
	150
	30
	3.9
	2.4
	0.98
	17
	4
	1.3
	0.8
	24

	12
	7.3
	2.1
	3.6
	1.8
	1.7
	2.3
	0.31
	8
	610
	1.3
	0.09
	1.1
	46
	11
	150
	30
	3.9
	2.5
	1
	17
	4.3
	1.2
	0.84
	25

	13
	7
	1.9
	3.6
	1.8
	1.8
	2.3
	0.29
	8.3
	620
	1.2
	0.08
	1.2
	45
	11
	140
	30
	3.6
	2.5
	0.88
	16
	3.7
	1.2
	0.86
	24

	14
	7.4
	2.1
	3.8
	1.6
	2
	2.1
	0.35
	7.8
	680
	1.3
	0.1
	0.8
	46
	11
	160
	31
	4
	2.5
	0.97
	17
	4.2
	1.2
	0.91
	28

	15
	5.1
	1.1
	9.1
	2
	1.7
	1.9
	0.28
	7
	430
	2.2
	< 0.05
	0.3
	31
	6.8
	160
	20
	2.7
	1.6
	0.6
	12
	2.7
	2.4
	0.53
	15

	16
	7.2
	1.6
	4.2
	1.8
	1.5
	2.1
	0.18
	5.6
	580
	1.2
	0.06
	0.5
	42
	9
	150
	20
	3.7
	2.2
	0.93
	15
	3.8
	1.5
	0.81
	21

	17
	7.6
	1.5
	4.8
	1.9
	1.8
	2.2
	0.17
	7.1
	640
	1.5
	0.06
	0.5
	50
	11
	160
	20
	3.8
	2.6
	1
	17
	4
	1.6
	0.81
	26

	18
	7.9
	2
	3.7
	1.8
	1.8
	2
	0.19
	7
	680
	1.4
	0.07
	1.3
	43
	11
	140
	20
	4
	2.4
	1
	18
	3.8
	1.3
	0.85
	21

	19
	7.2
	2.8
	3
	1.7
	1.4
	2.2
	0.14
	6.7
	600
	1.4
	< 0.05
	0.8
	55
	12
	120
	8
	4
	2.7
	1.1
	13
	4.7
	0.9
	0.93
	27

	20
	7.4
	1.9
	2.7
	1.6
	1.4
	2.4
	0.08
	6.1
	640
	1
	< 0.05
	3.6
	44
	8.3
	130
	10
	3.4
	2.2
	1
	14
	3.5
	1.1
	0.76
	20

	21
	7.6
	1.9
	2.8
	1.6
	1.4
	2.3
	0.05
	5.8
	590
	1.3
	< 0.05
	3
	41
	8.6
	130
	10
	3.7
	2.4
	0.97
	13
	3.9
	1.1
	0.77
	22

	22
	5.8
	13
	1.1
	1.1
	0.43
	2.5
	0.02
	5
	710
	1
	< 0.05
	0.1
	62
	1.4
	17
	3
	2
	1.1
	0.73
	10
	2.5
	0.5
	0.42
	32

	23
	1.4
	32
	0.71
	0.36
	0.48
	0.98
	<0.02
	6.1
	240
	0.3
	< 0.05
	0.2
	15
	0.5
	9
	<3
	0.98
	0.58
	0.25
	2.7
	1.1
	0.1
	0.21
	8.7

	24
	6.8
	1.5
	2.6
	1.5
	1.2
	2.2
	<0.02
	6
	670
	1.5
	< 0.05
	3.2
	39
	7.2
	120
	10
	3
	2
	0.88
	13
	3.3
	1
	0.69
	19

	25
	7.6
	2
	3.1
	1.6
	1.5
	2.4
	<0.02
	5.7
	660
	1.3
	< 0.05
	3.6
	45
	9.5
	140
	10
	3.6
	2.3
	1
	14
	3.9
	1
	0.77
	22

	26
	7.7
	2.4
	3.2
	1.8
	1.6
	2.1
	<0.02
	6
	600
	1.4
	< 0.05
	2.5
	56
	11
	140
	10
	4
	2.6
	1.2
	15
	4.3
	1.1
	0.88
	28

	27
	7.2
	2.1
	2.9
	1.7
	1.4
	2.3
	<0.02
	5.1
	580
	1.1
	< 0.05
	1.8
	44
	10
	140
	9
	3.5
	2.2
	0.93
	14
	3.7
	1
	0.78
	22


Table 4.  Summary of geochemical data for sediment samples (analyses by ICP-MS after acid digestion at USGS Denver)

Table 4 (continued).  Summary of geochemical data for sediment samples (analyses by ICP-MS after acid digestion at USGS Denver)

	Sample
	Li
	Mn
	Mo
	Nd
	Ni
	Pb
	Pr
	Rb
	Sb
	Se
	Sm
	Sn
	Sr
	Tb
	Th
	Tl
	Tm
	U
	V
	W
	Yb
	Zn

	
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm

	A1A
	43
	350
	1.9
	22
	81
	17
	5.5
	78
	0.5
	1
	3.9
	12
	210
	0.68
	7.6
	0.6
	0.39
	3.6
	120
	1.5
	2.7
	92

	B1
	43
	370
	1.6
	22
	79
	13
	5.6
	78
	0.4
	1
	4
	14
	220
	0.7
	7
	0.5
	0.36
	3.5
	120
	1.3
	2.7
	94

	10A
	29
	300
	0.7
	15
	57
	8.5
	3.8
	72
	<0.3
	< 1
	3
	4
	190
	0.5
	4.6
	0.4
	0.26
	1.8
	90
	0.7
	1.8
	76

	5
	44
	360
	1.8
	20
	80
	13
	5.5
	81
	0.4
	1
	3.6
	13
	200
	0.65
	7.4
	0.5
	0.33
	3.6
	120
	1.2
	2.4
	95

	6
	40
	360
	2.3
	20
	80
	13
	4.9
	74
	<0.3
	1
	3.8
	12
	240
	0.65
	6.9
	0.5
	0.32
	3.3
	120
	1
	2.3
	93

	7
	40
	340
	2.3
	20
	78
	14
	5.1
	76
	<0.3
	< 1
	3.8
	13
	210
	0.62
	6.4
	0.5
	0.35
	3.2
	120
	1.1
	2.4
	92

	8
	44
	360
	1.6
	20
	82
	13
	5.2
	80
	<0.3
	1
	3.7
	9.5
	200
	0.64
	7.1
	0.5
	0.36
	3.4
	120
	1.2
	2.6
	99

	9
	41
	350
	2.4
	20
	78
	14
	5.2
	79
	0.3
	1
	3.8
	13
	220
	0.67
	7.1
	0.5
	0.34
	3.3
	120
	1.2
	2.5
	94

	11
	43
	360
	1.8
	21
	82
	12
	5
	75
	0.3
	1
	3.7
	13
	200
	0.66
	6.5
	0.5
	0.35
	2.9
	120
	1.1
	2.6
	96

	12
	40
	380
	1.9
	21
	79
	14
	5.2
	77
	<0.3
	1
	4
	14
	240
	0.65
	7.2
	0.5
	0.34
	3
	130
	1.1
	2.6
	98

	13
	42
	380
	2
	18
	80
	13
	4.9
	75
	1.3
	1
	3.4
	31
	220
	0.63
	6.8
	0.5
	0.33
	3
	120
	1
	2.3
	91

	14
	44
	360
	2.6
	20
	81
	12
	5.2
	79
	0.3
	1
	4
	12
	210
	0.65
	7.4
	0.5
	0.38
	3.6
	120
	1.2
	2.8
	110

	15
	25
	240
	0.5
	13
	45
	7.9
	3.2
	80
	0.3
	< 1
	2.6
	3
	190
	0.38
	3.9
	0.3
	0.22
	1.6
	81
	0.4
	1.4
	79

	16
	30
	340
	0.6
	19
	58
	10
	4.5
	71
	0.4
	< 1
	3.4
	3
	240
	0.58
	5.4
	0.4
	0.33
	2.2
	93
	0.7
	2.2
	66

	17
	36
	380
	0.7
	20
	67
	10
	5.1
	83
	<0.3
	< 1
	3.7
	2
	240
	0.64
	7.4
	0.4
	0.36
	2.4
	110
	0.8
	2.4
	77

	18
	41
	360
	1.4
	21
	75
	15
	5.2
	78
	<0.3
	< 1
	4
	12
	230
	0.65
	6.9
	0.5
	0.32
	3.1
	120
	1.6
	2.4
	92

	19
	20
	440
	0.6
	26
	44
	12
	6.1
	48
	<0.3
	< 1
	4.5
	2
	270
	0.7
	9
	0.4
	0.33
	2.4
	96
	0.8
	2.3
	44

	20
	26
	380
	0.6
	17
	43
	9.4
	4.4
	55
	<0.3
	< 1
	3.4
	4
	260
	0.6
	8.9
	0.5
	0.29
	2.5
	84
	0.6
	2.2
	53

	21
	25
	360
	0.6
	20
	48
	10
	4.7
	54
	<0.3
	< 1
	3.5
	2
	240
	0.58
	5.5
	0.5
	0.33
	2
	84
	0.6
	2.3
	55

	22
	8.4
	140
	0.2
	21
	2
	6.3
	5.7
	34
	<0.3
	< 1
	2.9
	0.8
	1100
	0.38
	5.8
	0.3
	0.16
	0.77
	24
	< 0.1
	0.98
	20

	23
	4.1
	91
	0.1
	6.8
	<0.1
	4.7
	1.7
	11
	<0.3
	< 1
	0.99
	< 0.5
	2300
	0.16
	1.1
	<0.1
	0.068
	0.63
	13
	< 0.1
	0.5
	7

	24
	27
	300
	0.5
	17
	41
	8.9
	4.2
	56
	<0.3
	< 1
	3.1
	2
	260
	0.53
	4.7
	0.6
	0.26
	1.9
	83
	0.5
	1.9
	55

	25
	28
	440
	0.7
	20
	52
	9.4
	4.7
	64
	<0.3
	< 1
	3.6
	2
	280
	0.66
	6.3
	0.5
	0.3
	2
	99
	1.1
	2.4
	58

	26
	24
	450
	0.6
	25
	48
	11
	6.1
	62
	<0.3
	< 1
	4.5
	2
	280
	0.68
	6.7
	0.5
	0.34
	2.1
	93
	0.6
	2.4
	55

	27
	26
	380
	0.5
	20
	50
	9.7
	4.8
	54
	<0.3
	< 1
	3.7
	2
	260
	0.6
	5.5
	0.4
	0.32
	1.8
	90
	0.6
	2.2
	51

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Results and discussion

Seabed gamma spectrometry

The EEL data were converted in real time into approximate sea floor concentrations of radionuclides. This was done by comparing each 5-s gamma-ray spectrum to standard spectra for K, U, Th, and Cs (Hendriks et al., 2001). The standard spectra were obtained from measurements made with the detector in a tank of water on each of a set of calibration pads. The K, U, and Th pads are concrete blocks containing known amounts of K, U, and Th. A fourth, background, pad is a plain concrete block with no added radioactive material. The Cs pad consists of a wooden box containing fine sand from the Irish Sea contaminated by 137Cs from the authorised discharges of the Sellafield nuclear plant.

Examination of the EEL data during the survey suggested only very low seabed levels of gamma-emitting artificial radionuclides such as 137Cs; no obvious 137Cs peaks were noticed in the sea bed gamma-ray spectra (e.g., fig. 8). The variations seen in sea floor radioactivity were in natural isotopes (of K and the U and Th decay series) attributable to geological features. These are most obvious at the 90-m site where features seen on sidescan sonar records (fig. 9) have a distinctive response in the radiometric and other EEL data (fig. 10).



Figure 8.  Typical seabed gamma-ray spectrum from the survey.  Horizontal axis = gamma-ray energy (MeV), vertical axis = counts. The red vertical lines indicate the positions of the 137Cs (0.66MeV), 40K (1.46MeV), 214Bi (U)(1.76MeV), and 208Tl (Th) (2.62MeV) lines

Line 90_3 (fig 10a) shows a generally uniform total gamma signal over a smooth sediment-covered sea floor. Two small upstanding features on the seabed (seen on the pressure trace and as high noise features) correspond to gravel waves seen clearly on the sidescan mosaic (fig. 9). These do not show any major difference in total count compared to the surrounding finer grained sediments.

In contrast, the rough areas of sea floor on Line 90_7 (fig. 10b), which are apparent on the sound and pressure traces, have a markedly higher total count signal than their surroundings. These features match rock outcrops seen on the sidescan image (fig. 9) and are probably (from their radiometric signature) granitic, an interpretation consistent with their proximity to the granite ridge of the Farallon Islands (NOAA, 1990). Line 90_7 also shows a change in sediment type along its length. The left hand end of the 



Figure 9.  Sidescan mosaic for 90-m area.

segment of line depicted in figure 10b shows a general total count base level of about 100 counts per second between the outcrops. This is consistent with siliciclastic sediments. In contrast, the right hand end of the line shows sediments with a total count of only around 50 counts per second. These were interpreted as shelly sands, and this was confirmed by sampling. 



Figure. 10A.  Examples of geological variation of gamma spectrometer data.  Line 90_3 (complete line).


Figure. 10B.  Examples of geological variation of gamma spectrometer data.  Line 90_7 (N end of line approximately N of sample site 24, fig. 10) .

After the survey, the gamma-ray spectra were postprocessed to optimise the sea floor data for individual radionuclides. Particular attention was given to the 137Cs data. Initially this was done for each 5-s gamma-ray spectrum, but this produced very noisy Cs results owing to the very low levels present. A second stage of the postprocessing was therefore undertaken. This involved integrating the data over longer periods of time to try to obtain more reliable 137Cs values. Data were compared for one test line (900_7) on the basis of spectra integrated over 5-s, 50-s, 150-s and 500-s periods (corresponding to approximately 5, 50, 150, and 500 m of seabed towed). When the integration period was extended to 500 s, variations along the test line showed a coherent structure and the highest values occurred where the line came closest to the known highest concentrations of barrels on the sea floor (fig. 11). This suggested that meaningful data might be extracted over 500-s periods.

The postprocessing was therefore re-run using 500-s integration, on the basis of moving averages along each line, to assess whether there was a geographical coherence to the 137Cs values. One data file had become corrupted (line 900_6) and was not available for postprocessing.
The 500-s data for the 900-m site data appear to show a coherent pattern, with the connection of relatively high and low values between survey lines (fig. 12). This suggests some confidence can be placed in the data. However, the levels of 137Cs present must be regarded as being close to the detection limit of the system, even for 500-s counting periods, and the data should be treated with caution.



Figure 12.  137Cs data for 900-m site. Typical uncertainties (1() are about 15 percent. 
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Figure 11.  137Cs data integrated over 5, 50, 150 and 500 s. Each record number represents one 5s count covering about 5m of seabed.

A background was removed, initially, from the full postprocessed dataset. This was designed to remove the effects of seawater and the detector itself. Seawater contains some 50 Bq/l of 40K, and the detector has a small amount of 207Bi, which mainly affects the U and 137Cs data (because of the proximity of the 570 keV 207Bi peak to the 662 keV 137Cs peak and the 609 keV 214Bi peak). However, background removal caused a relative increase in the Cs values, compared with those obtained with no background subtraction. The 137Cs concentrations from nonbackground corrected data are closer to those obtained by sample analysis (table 1). Also, the statistical fit of the spectra with the standard spectra is, paradoxically, better when no background is used. This may reflect the different operating conditions under which the standard spectra had to be collected under, owing to lack of time, compared with the background data. The latter were gathered under survey conditions, whereas the standard spectra were obtained using the same detector, but a different cable and electronics.

As the background correction largely causes a uniform shift in the final 137Cs and other radionuclide concentrations, it does not affect significantly the relative values. In order to keep the 137Cs figures (and those for other radionuclides) closer to the more accurate sample analyses, the data are presented without background removal (figs. 12-23).
The postprocessed seabed data show some correspondence between higher seabed 137Cs concentrations and proximity to the known locations of barrels at the 900-m and cluster sites (figs. 12 and 13). There are also relatively high values where no barrels have been located. This might be expected to occur where barrels are too degraded to produce a detectable sidescan response. It should be noted that the total number of targets identified using sidescan data represents only a small proportion of the total number of barrels reportedly disposed of at the 900-m site.



Figure 13.  137Cs data for Cluster site. Typical uncertainties (1() about 15 percent.

There are also relatively low 137Cs levels around some barrel clusters. This again is to be expected; the barrels could be intact, or at least have not suffered leakage, or there may not be any Cs present in those barrels.

Overall, the data indicate very low 137Cs contents across the survey area. There are no suggestions of any significant regional scale contamination of the sediments by 137Cs, nor of any localised concentrations of this radionuclide.

The postprocessed 500-s 137Cs data for the 90m site are also apparently quite coherent. The 90-m 137Cs values are lower overall than the 900m and cluster data (figs. 12-14), which fits with the lower concentrations of 137Cs observed in sample analyses (table 1).  Similarly low levels were seen on the two 1,800-m lines (fig. 15). Higher levels of 137Cs at the 90-m site appear to be very localised. There is no real correlation between the Cs data at the 90-m site and those for K, U, and Th, making the data difficult to interpret in terms of seabed geology (figs. 14 and 16-19).


Figure 14.  137Cs data for 90-m site. Typical uncertainties (1() about 15 percent

Laboratory analysis

Subsequent laboratory sample analysis has confirmed the low levels of 137Cs (<5 Bqkg-1) (table 1). The data are consistent with concentrations less than 10 Bqkg-1 137Cs reported from earlier studies (Dyer, 1976; NOAA, 1990; Noshkin et al., 1978; Schell and Sugai, 1980). Gamma-ray spectrometry indicated that similarly low levels of 241Am may be present in a few samples. This was confirmed by alpha spectrometry of a selected number of samples (table 2). The latter analysis reveals detectable 241Am, in four of the eight samples selected, at levels below 2 Bqkg-1. Plutonium isotopes were also detected; 239,240Pu in all eight 



Figure 15.  137Cs data for 1800-m site. Typical uncertainties (1() about 15 percent.

samples at similarly low levels to 241Am (no greater than 3 Bqkg-1) and 238Pu only in sample 5. Again, these results are in line with previous work with 239+240Pu concentrations up to 5 Bqkg-1 being reported (Noshkin et al., 1978; Schell and Sugai, 1980), whilst Dyer (1976) found slightly higher levels, in some samples, up to 20 Bqkg-1 and 238Pu contents of up to 5 Bqkg-1.

These concentrations are well below the natural background levels of 40K (typically 400-600   Bqkg-1) and generally below the concentrations of U(214Bi) and Th(208Tl), which mostly range from 15-50 and 15-30 Bqkg-1 respectively. Whether the sediments are contaminated in excess of what would be expected from nuclear weapons fallout has been a matter of some controversy (NOAA, 1990). What is clear is that the concentrations of 137Cs, 241Am, and Pu isotopes are considerably lower than levels encountered in Irish Sea sediments (e.g., Jones et al., 1999; Kershaw et al., 1999). These reach maxima 2 or 3 orders of magnitude higher than those observed from the Farallons, but they do not give rise to doses in excess of annual limits, either through direct exposure or through the food chain (e.g. FSA/SEPA, 2000).
137Cs was detected in all the 90-m samples except for two with very high shell contents (Nos. 22 and 23). Three of the 900-m site samples had no detectable 137Cs. Slightly higher (albeit still very low) levels of 137Cs occur in samples taken near known barrels, and some of these have detectable 241Am. Away from the ‘cluster’ locations, 241Am was only detected in one sample (from the 90-m site) at an extremely low level (0.2 Bqkg-1) by ( spectrometry. Similarly, Pu contents of the sediment samples are higher in the vicinity of known barrels than elsewhere in the 900-m site or the 90-m site. The differences in Cs, Am, and Pu levels between the ‘cluster’ samples and other locations could be due to inputs of radioactivity from the waste in the barrels or the result of differential input/uptake of fallout radionuclides.

Barrel leakage is indicated by the coincidence of higher values of Cs, Am, and Pu with the barrel clusters and the generally similar levels of natural radioactivity in the samples, regardless of Cs and Am content. It is further supported by the poor condition of at least some barrels. There have been differing interpretations made of previous sample analyses, but most authors conclude that there has been some input 



Figure 16.  Total count data for 90-m site (counts.s-1). Typical uncertainties (1() better than 1 percent.
to the sediments from the barrels (NOAA, 1990; Schell and Sugai, 1980). If barrel leakage has occurred, then there are no indications, in the present data, of any significant enhancement of radionuclide levels on a regional scale in the areas surveyed.

Alternative explanations are that the variations are due to differences in fallout radionuclide input or uptake. The latter could be influenced by differences in sedimentation rate, with fallout particles being more efficiently scavenged from the water column or, conversely, diluted by higher rates of sediment buildup.
Sample data do indicate clear differences between the shallow water sediments at the 90-m site and those from the much deeper 900-m site (fig. 24; tables 1-4). The 900-m site has finer grained sediments (figs. 25 and 26); mud contents at the 90-m site are less than 40% with clay contents below about 10%, whereas mud contents at the 900-m site are mostly above 30%, ranging up to over 90%, and clay contents are in the range of 10-40%. The main geochemical differences between the two areas lie in higher Fe and Mg values at the 900-m site, along with a range of trace elements, including As, Cr, Cu, Ge, Li, Mo, Ni, Pb, Rb, Sn, U, V, W, and Zn (Fig. 24; Table 4). Levels of Al and K are broadly comparable. This suggests a different mix of clay minerals at the sites with Fe and Mg-rich species (e.g., smectite), with a great affinity for many trace elements, being more important in deeper water. An increase in smectite with increasing water depth has been noted in mineralogical studies of the area (Booth et al., 1989; Griggs and Hein, 1980).



Figure 17.  K data for the 90-m site. Typical uncertainties (1() better than 2 percent.

There is, however, no obvious relationship between 137Cs content and the grain size of the sediments (Figs. 25 and 26), or their geochemistry. Thus the data do not support the preferential uptake of 137Cs in the ‘cluster’ area owing to an increased sorption capacity for Cs of the sediments. Geochemicallyand texturally the ‘cluster’ site is very similar to the remainder of the 900-m site (fig. 24; tables 3 and 4). This suggests that the slightly higher contents of radionuclides in the vicinity of known barrels are most likely due to leakage from the barrels. However, the differences in radionuclide contents between the 90-m and 900-m sites could in part be due to the increased sorption capacity of the deeper water, relatively smectite-rich sediments. An increase in radionuclide retention capacity of the deeper sediments was suggested by the data of Booth et al. (1989).
U and Th concentrations in the bottom sediments are all well within normal ranges for sediments (Wedepohl, 1978) in both the EEL and the sample data (figs. 18, 19, 22-24 and tables 1 and 4). Levels of U are higher in the deeper water sediments, reflecting the greater proportion of finer material, but Th values are broadly similar across the whole survey area. As for Cs, there is no clear-cut relationship between U or Th content and known barrel locations. Some higher Th and/or U areas coincide with barrels, but other barrel locations are associated with lower Th and/or U.  Since the levels of U and Th do not differ from natural background values, there is no need to invoke an input from the barrels to explain the distribution.  However, the generally higher contents of U and Th in the sediments from the cluster site, when compared with elsewhere in the 900-m site, may indicate a slight enhancement due to input from the barrels. U and Th 



Figure 18.  U data for the 90-m site. Typical uncertainties (1() better than 25 percent.

are listed as being present in the wastes disposed at the Farallon Islands Radioactive Waste Dump (NOAA, 1990; Noshkin et al., 1978).

Geochemical analyses of the sediment samples do not indicate any significant enhancement of other contaminants such as heavy metals or Be (fig. 24; table 4). Sn is the only element reported at levels that are appreciably above those expected for average fine-grained sediments or rocks (Turekian and Wedepohl, 1961). Concentrations of Sn are approximately twice the average shale levels (of 6 ppm) in most samples from the cluster site, and one from the 900-m site, with a maximum of 31 ppm in sample 13. Since Hg and organic contaminants were not measured in the samples, it is not possible to comment on the impact, if any, of the disposal of other types of waste in the area.

Conclusions

Both in situ measurements and laboratory analyses of sediment samples indicate only very low levels of artificial radionuclides in the surveyed areas of the Farallon Dump Site. Concentrations of 137Cs, 241Am, 239+240Pu and 238Pu, in the sediments are all below 10 Bqkg-1. These are significantly lower than natural background levels of K, U, and Th. They are also well below concentrations encountered in Irish Sea sediments, which arise from authorised discharges of waste from the Sellafield nuclear reprocessing plant. There appears to be some indication of leakage of radionuclides from the barrels of waste, but this only 


Figure 19.  Th data for the 90-m site. Typical uncertainties (1() better than 5 percent.

seems to have raised radionuclide levels slightly in the sediments in the vicinity of the barrels. There is no evidence for significant regional-scale contamination as a result of the dumping in the areas surveyed.

Levels of natural radionuclides are well within the normal range for sea floor sediments, although there could have been some input of U and Th from the barrels. 

It should be borne in mind, however, that, at this stage, no data have been obtained for large areas of the dump site. In particular the 1800m site, where the majority of the barrels are believed to have been dumped, remains virtually unstudied, in terms of both the radionuclide content of the sediments and the actual locations of the barrels. To date barrel locations have only been mapped in 15% of the dump area, and radionuclide concentrations examined in only about 10% of the site. On the other hand, the areas studied are those in the shallower waters of the 90-m and 900-m sites most accessible to man.

This study, along with the earlier USGS work, shows the value of interagency co-operation and the merit of being able to target measurements and sampling on the basis of knowledge of barrel locations. This integrated approach could be extended to the deeper parts of this site and applied in other areas, such as Boston Harbour, the Kara Sea, and Beauforts Dyke in the Irish Sea. The data obtained by this type of study enable informed decisions to be made regarding the environmental quality and management of the ocean.
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Figure 20.  Total count data for the 900-m site (counts.s-1). Typical uncertainties (1() better than 1 percent.



Figure 21.  K data for the 900-m site. Typical uncertainties (1() better than 2 percent.



Figure 22.  U data for the 900-m site. Typical uncertainties (1() better than 25 percent.



Figure 23.  The data for the 900-m site.  Typical uncertainties (1() better than 5 percent.

[image: image1.png]Bteh Goologleal Survey (<€D STare,

"2 pre®

=USGS ¢

‘sclence fora changing world




Figure 24A.  Multielement geochemical plots for sediment samples.  All samples.
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Figure 24B.  Multielement geochemical plots for sediment samples. Two shelly samples (22, 23) omitted.
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Figure 25.  Relationship of 137Cs to mud content of sediments samples.

Figure 26.  Relationship of 137Cs to clay content of sediments samples. [image: image8.wmf]0
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Fig. 23 Relationship of 137Cs and mud content of sediment samples
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Fig. 24. Relationship of  137Cs and clay content of sediment samples
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Fig 25a Multielement geochemical diagram for sediment samples (all samples)
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Fig 26. Chondrite-normalised rare earth element plot for sediment samples
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		-2.519		-0.1595		0.1824

		-4.62		-1.29		1.766

		0.46		1.912		1.776

		0.695		2.025		1.308

		-1.978		-0.1582		0.893

		-3.57		-1.357		-0.441

		-0.307		-0.411		0.3128

		1.741		-0.996		0.847

		2.762		0.0543		0.421

		5.02		0.578		0.325

		6.77		2.21		1.63

		4.38		-0.1245		1.214

		0.957		1.398		-0.568

		-0.685		1.768		2.004

		-0.861		-0.684		0.2834

		-3.6		-2.403		-0.499

		-3.17		0.2171		0.89

		-4.62		0.1649		-0.823

		-4.19		-1.746		0.392

		-6.34		-0.2442		-0.944

		-7.04		-1.25		0.341

		-4.08		-0.441		-0.071

		1.448		1.429		0.828

		1.894		2.634		0.3018

		3.45		3.6		1.112

		5.84		4.83		0.685

		5.12		2.665		0.925

		2.577		3.137		1.103

		2.084		3.62		0.702

		2.587		2.521		1.741

		4.16		4.06		2.038

		4.8		3.042		1.977

		0.825		3.86		2.412

		-1.426		2.259		1.982

		-3.57		2.666		1.315

		-4.56		3.67		1.817

		0.476		4.14		1.747

		1.85		3.53		1.625

		-0.76		2.927		2.158

		-1.82		3.38		1.131

		-1.054		2.981		1.914

		-0.589		3.4		1.81

		2.442		3.55		1.946

		6.05		3.19		2.417

		7.62		3.95		1.94

		8.3		4.36		1.623

		3.84		3.69		1.815

		5.73		3.51		1.878

		8.06		2.859		1.453

		8.26		3.7		1.585

		10.55		3.009		1.411

		7.17		3.19		2.021

		6.12		2.236		1.415

		1.647		1.817		0.999

		4.36		2.009		1.348

		3.86		0.0281		1.258

		6.96		0.2498		1.375

		1.239		1.87		1.208

		0.939		1.552		1.037

		2.817		0.728		1.39

		0.169		0.497		0.876

		0.63		0.884		0.715

		1.201		0.945		0.797

		0.993		2.38		1.216

		-0.328		0.422		0.865

		-0.323		0.864		0.2377

		0.427		0.531		1.066

		1.934		-1.443		1.565

		1.41		0.379		0.845

		0.595		0.627		1.082

		0.51		0.713		0.957

		0.514		-0.969		0.795

		-1.357		-0.914		0.799

		1.726		0.903		0.804

		-0.1576		-0.712		0.566

		-0.355		-0.1003		0.661

		-0.9		-2.352		0.626

		-1.253		-1.233		1.043

		2.123		-1.216		1.858

		1.944		-1.26		1.354

		1.955		-1.237		1.063

		1.116		-0.459		1.2

		4.75		-1.938		1.175

		4		-2.034		1.585

		3.26		-2.173		1.919

		2.663		-1.946		1.124

		3.42		-2.005		1.579

		2.78		-2.181		1.681

		0.723		-3.107		1.894

		-0.457		-4.23		2.099

		2.044		-3.18		2.381

		2.495		-2.05		2.118

		-2.584		-2.493		2.198

		-3.44		-2.682		2.231

		-3.17		-2.319		2.646

		-3.038		-1.649		2.824

		-5.9		-2.501		1.721

		-3.74		-1.87		2.822

		-3.86		-1.175		2.756

		-2.066		-0.2905		3.27

		-5.24		-0.98		2.295

		-3.95		0.593		2.602

		-5.13		1.051		2.243

		-6.59		0.672		2.732

		-5.43		0.906		2.853

		-6.42		0.0976		3.92

		-5.75		2.37		4.05

		-6.84		1.265		3.36

		-6.28		1.548		3.69

		-7.51		1.238		3.61

		-6.03		3.32		4.11

		-3.92		2.965		4.17

		0.939		4.31		4

		4.17		4.05		3.82

		3.42		3.84		4.8

		5.5		3.92		4.45

		4.19		4.39		3.95

		6.65		4.13		4.33

		7.37		4.09		4.42

		8.63		4.16		5.3

		9.03		5.13		5.03

		8.5		5.08		4.35

		7.29		3.97		3.84

		4.93		3.28		4.77

		6.64		3.45		4.82

		2.949		3.145		4.16

		7.71		3.41		4.48

		4.09		3.85		4.49

		2.374		2.256		4.26

		2.986		2.847		5

		4.93		1.886		4.18

		5.05		2.647		3.67

		4.24		1.192		4.43

		5.31		3.81		4.54

		4.28		1.477		4.37

		5.73		2.347		4.55

		2.719		1.954		4.71

		4.59		2.723		4.3

		2.905		3.16		4.24

		1.625		3.71		4.09

		0.81		2.316		3.66

		0.1904		1.505		4.68

		-0.635		0.909		3.98

		0.567		2.283		4.83

		-1.021		1.945		4.27

		-0.478		2.437		4.04

		1.235		1.85		4.09

		0.645		2.595		4.31

		3.111		6.54		4.29

		5.73		5.07		4.23

		4.98		1.273		4.37

		3.069		2.719		3.68

		5.52		5.03		4.05

		3.82		3.93		3.79

		2.613		5.09		4.46

		-0.1191		4.09		3.85

		2.355		3.83		4.04

		3.56		1.975		2.852

		3.62		4.69		4.22

		0.53		5.54		4.62

		3.151		7.2		4.09

		3.95		5.64		4.53

		1.845		5.77		4.19

		2.529		7.97		4.63

		4.27		8.04		4.51

		5.78		7.79		4.67

		4.69		4.92		4.71

		5.18		7.42		5.08

		6.02		5.33		4.18

		8.12		4.74		4.41

		4.24		4.08		5.07

		6.33		4.72		4.76

		6.62		6.05		4.94

		6.17		8.88		4.11

		4.48		7.07		5.06

		3.27		6.37		4.68

		3.39		7.29		4.23

		3.129		6.89		4.15

		6.28		7.39		3.89

		8.11		7.52		3.58

		13.4		8.25		3.67

		10.19		7.96		3.68

		7.38		6.76		3.97

		8.56		7.86		3.31

		11.71		7.05		3.35

		10.99		4.52		2.784

		10.43		7.47		3.59

		11.71		5.38		3.32

		6.25		2.448		3.47

		5.98		6.27		3.57

		3.49		4.14		3.45

		5.7		3.93		3.4

		5.34		4.59		3.23

		5.63		4.28		3.15

		1.216		3.54		3.04

		-0.03048		0.57		3.041

		-0.885		2.088		3.25

		-1.409		3.3		3.28

		1.877		3.47		3.57

		1.872		3.98		3.27

		4.13		2.198		3.026

		4.83		2.667		3.65

		6.49		3.78		3.21

		5.02		5.07		3.64

		5.96		3.138		2.982

		6.19		1.283		3.079

		8.32		5.1		3.23

		5.68		4.71		3.33

		2.212		2.644		3.023

		3.94		2.557		3.153

		0.702		2.388		2.483

		1.201		2.768		2.417

		0.805		2.53		2.954

		0.0492		1.582		2.789

		-0.491		2.711		3.089

		-0.1357		2.758		2.856

		-1.456		1.759		2.088

		1.397		2.552		2.285

		2.924		3.42		2.926

		2.522		2.944		2.643

		2.625		2.418		2.414

		1.269		2.433		2.224

		0.82		2.031		2.226

		0.3031		2.41		1.313

		3.51		3.112		1.705

		5.65		4.08		1.974

		6.01		4.05		2.086

		4.92		3.046		1.956

		4.23		3.87		1.789

		2.635		3.49		1.519

		4.25		4.46		1.45

		6.12		3.63		1.877

		6.69		4.44		1.937

		4.98		4.18		1.589

		4.3		4.74		1.275

		2.785		4.64		2.05

		0.871		4.79		1.295

		0.353		5.31		1.954

		2.019		5.82		2.148

		2.919		5.44		1.708

		0.0688		3.49		1.377

		0.969		3.59		1.507

		-0.809		4.33		1.048

		1.467		4.66		1.502

		0.598		3.4		1.279

		1.71		3.036		0.998

		3.81		3.48		1.048

		3.015		3.18		-0.0315

		5.4		2.297		0.809

		5.06		1.143		0.984

		6.38		2.846		0.769

		2.502		0.687		-0.0942

		5.43		2.754		1.27

		5.99		3.74		1.079

		9.54		1.696		0.488

		8.95		0.977		0.2437

		10.29		2.616		0.61

		13.07		2.508		0.891

		11.15		0.746		-0.1548

		11.42		1.66		-0.44

		5.44		2.341		0.2495

		6.24		1.597		0.02855

		3.98		2.291		-0.721

		2.67		2.219		0.2326

		-0.693		0.696		-0.414

		-1.424		-0.1854		-0.1916

		-4.8		0.0735		0.376

		-6.53		1.245		-0.2181

		-9.46		1.152		-0.477

		-10.34		0.832		-0.1848

		-7.36		1.869		0.0982

		-7.91		1.499		-0.817

		-4.96		1.407		-0.177

		-2.966		1.384		-0.238

		-1.803		2.101		0.358

		-2.67		1.99		0.66

		0.2887		3.84		0.665

		2.003		3.61		0.463

		8.04		4.2		0.916

		8.9		3.93		0.735

		8.44		4.8		0.427

		7.73		4.02		-0.00748

		4.84		3.89		0.57

		4.13		3.98		0.618

		4.78		3.39		0.2351

		4.99		5.89		-0.0996

		6.36		2.906		0.1428

		7.25		3.59		-0.1329

		5.1		1.87		-0.0858

		3.99		1.109		-0.661

		3.66		1.703		-1.037

		4.18		1.466		-0.815

		3.52		0.41		-0.885

		3.79		-0.601		-0.716

		3.85		-0.1202		-0.487

		4.64		-0.2851		-0.772

		2.99		-0.801		-0.662

		2.281		-1.93		-1.44

		1.205		-1.74		-1.775

		1.737		-1.929		-0.801

		2.391		-2.335		-0.796

		1.826		-1.903		-1.012

		3		-2.074		-1.152

		2.337		-1.132		-0.848

		4.82		-1.554		-1.609

		6.9		-0.2191		-0.766

		3.93		-1.365		-1.507

		2.333		-1.095		-1.024

		2.663		-1.383		-1.686

		-0.568		-2.196		-1.417

		-0.772		-0.401		-1.704

		-2.445		-1.355		-1.414

		-7.19		-3.049		-2.719

		-8.08		-4.04		-1.777

		-9.91		-2.929		-1.751

		-8.72		-2.637		-1.74

		-5.13		-2.419		-1.85

		-7.32		-3.31		-1.392

		-6.9		-2.288		-2.661

		-5.75		-3.51		-1.169

		-8.16		-4.37		-1.175

		-8.36		-2.462		-0.814

		-4.52		-1.789		-0.1546

		-1.52		0.419		-1.137

		1.938		0.471		-1.143

		4.04		-2.119		-1.289

		2.754		-1.654		-0.58

		6.97		0.2283		-0.606

		7.34		-0.609		-0.901

		4.2		-2.107		-1.159

		5.26		-3.59		-0.804

		5.69		-2.595		-1.13

		3.43		-1.526		-1.398

		-1.836		-3.052		-0.621

		-1.86		-1.905		-0.804

		-3.099		-0.595		-0.924

		-2.231		-0.395		-0.992

		-4.99		-1.891		-1.443

		-8.51		-0.456		-1.194

		-7.48		-1.839		-0.2218

		-8.23		-0.405		-0.693

		-8.99		-1.801		-1.289

		-5.91		-3.3		-0.518

		-3.42		2.075		-0.2748

		-4.16		2.192		-0.675

		-2.649		2.506		-1.044

		-1.102		0.319		-0.614

		2.887		1.521		-1.304

		4.67		2.994		-0.641

		2.08		0.02931		-0.3005

		-1.731		-0.0425		-0.4

		-2.713		2.12		-0.786

		-3.47		0.499		-0.504

		-3.18		1.13		-0.987

		-1.988		0.501		-0.564

		0.857		0.373		-0.934

		2.103		0.0373		-0.915

		2.076		-1.183		-0.86

		0.489		-0.514		-1.376

		4.3		1.333		-1.245

		7.15		0.382		-0.872

		7.52		-0.2719		-0.799

		7.42		0.411		-0.403

		6.93		0.2107		-0.914

		8.06		0.0935		-0.761

		7.8		-0.02432		-0.951

		3.43		-1.79		-1.479

		3.143		-2.193		-1.474

		3.68		-2.955		-1.278

		3.44		-1.31		-1.337

		2.385		-1.538		-1.6

		2.716		-1.775		-1.598

		-0.2473		-1.938		-1.612

		-0.968		-2.008		-1.841

		-6.01		-3.44		-2.604

		-6.29		-3.61		-2.416

		-4.9		-3.061		-2.582

		-6.22		-3.031		-2.706

		-4.17		-2.855		-2.251

		-3.44		-4.21		-2.753

		-5.37		-3.45		-2.313

		-7.39		-2.979		-2.512

		-6.1		-4.48		-2.381

		-4.85		-4.38		-2.401

		-1.816		-3.125		-2.235

		-2.219		-4.49		-2.466

		-4.31		-3.052		-2.463

		-3.056		-2.379		-1.654

		-5.35		-2.198		-1.073

		-1.889		-1.437		-1.155

		1.492		-1.45		-1.223

		3.52		0.577		-0.823

		1.034		0.379		-0.791

		-0.538		-0.61		-1.697

		-2.629		-0.1992		-0.894

		-3.53		-1.064		-0.979

		-0.653		-1.248		-1.492

		-0.0627		-0.1506		-0.639

		-0.496		-1.368		-0.763

		-4.92		-1.161		-1.59

		-4.72		-1.569		-1.107

		-5.83		-2.082		-1.09

		-6.59		-0.945		-1.038

		-7.73		-0.469		-0.997

		-6		0.96		-1.181

		-4.61		0.735		-1.4

		-4.51		1.726		-1.675

		-4.27		1.518		-1.167

		-1.682		-0.01203		-0.817

		1.472		1.283		-0.695

		1.402		3.18		-0.948

		4.97		1.669		-0.663

		8.39		3.36		-0.938

		11.23		3.19		-0.844

		9.96		2.868		-0.61

		7.15		0.852		-0.381

		4.08		0.331		-0.899

		3.079		0.677		-0.636

		1.422		0.502		-0.3139

		1.076		0.0925		-0.3011

		-0.516		0.0717		-0.448

		-3.29		-1.356		-0.611

		-3.128		-1.079		-0.918

		-1.064		-0.557		-0.758

		-0.1829		-1.2		-0.654

		2.759		-0.946		-0.767

		4.98		0.2655		0.1429

		3.74		-0.657		-0.1635

		1.935		-1.175		0.2988

		4.54		-1.447		-0.1661

		4.39		-2.113		0.3057

		3.51		-1.342		0.2683

		4.84		-1.539		0.1059

		2.219		-2.217		-0.0374

		3.083		-1.64		-0.386

		-0.734		-2.714		-0.36

		-2.988		-2.651		-0.378

		-5.32		-2.79		-0.72

		-0.461		-2.007		-0.47

		-3.2		-3.25		-0.942

		-5.16		-2.981		-0.848

		-3.26		-3.114		-0.3004

		-5.69		-3.95		-0.459

		-4.61		-4.73		-0.474

		-5.62		-5.8		-0.401

		-5.17		-5.05		-0.2803

		-2.925		-5.24		0.00000638

		-1.099		-3.4		-0.2238

		-4.43		-3.54		-0.01903

		-5.26		-4.13		-0.0716

		-4.39		-3.92		0.1981

		-4.25		-4.17		-0.0337

		-3.012		-4.44		-0.0523

		-3.042		-4.9		-0.01664

		-3.09		-5.6		-0.2734

		-4.27		-4.93		-0.0489

		-4.14		-5.26		-0.2378

		-3.47		-3.84		-0.2967

		-0.939		-1.984		0.1679

		-0.2491		-2.416		-0.0827

		1.472		-1.399		0.1791

		-0.779		-1.272		-0.0979

		-2.991		-3.33		-0.1708

		-5.89		-2.02		0.2076

		-7.33		-1.851		0.2719

		-4.93		-1.921		-0.2296

		-8.02		-1.924		-0.2323

		-6.13		-2.006		-0.1827

		-6		-2.189		0.1094

		-6.25		-1.507		0.2818

		-8.1		-0.928		-0.1761

		-8.5		-0.981		-0.02135

		-8.24		-0.2035		-0.1169

		-6.47		0.851		0.2468

		-5.87		0.589		0.804

		-4.54		0.491		1.022

		-3.31		0.366		0.649

		-2.11		1.015		0.663

		-0.01209		0.445		1.004

		2.108		0.517		1.651

		2.737		0.415		0.677

		3.71		0.2831		0.861

		4.49		0.758		1.185

		4.58		1.092		1.077

		7.47		2.244		1.372

		5.57		1.992		0.948

		5.02		2.599		1.246

		2.581		2.019		1.796

		-0.0832		1.818		1.456

		-0.466		1.722		0.909

		1.14		2.047		0.981

		1.093		1.85		1.51

		1.368		1.672		0.778

		2.281		1.655		1.074

		-0.734		2.431		1.282

		-1.247		1.891		1.182

		-0.775		3.37		1.46

		1.448		3.41		1.726

		1.252		4.11		1.703

		-0.2407		3.66		2.148

		-2.172		3.47		1.831

		-4.13		2.562		2.146

		-4.7		3.54		2.255

		-5.42		3.84		1.883

		0.051		2.856		1.876

		2.729		4.48		2.043

		3.86		3.27		1.769

		2.6		1.729		1.602

		4.92		2.881		1.217

		7.18		3.33		1.611

		6.71		4.16		1.676

		7.95		4.88		2.187

		7.8		5.1		1.895

		7.97		4.7		1.596

		7.15		3.25		1.654

		5.41		2.965		1.949

		7.21		4.56		1.655

		7.6		3.141		1.578

		6.07		2.359		1.542

		5.41		2.987		1.82

		5.44		1.953		1.543

		6.08		1.025		1.24

		5.82		1.446		1.502

		6.83		1.37		2.009

		3.69		1.339		1.707

		5.32		0.386		1.919

		2.223		-0.866		1.462

		0.416		-0.54		1.672

		-1.088		-1.791		1.488

		-0.493		-1.468		1.419

		0.336		-1.955		1.35

		-0.0879		-1.67		1.539

		1.43		-1.962		1.425

		-0.995		-3.106		1.624

		0.613		-1.416		1.993

		1.369		-1.796		1.758

		1.762		-2.138		2.089

		1.667		-0.775		1.864

		5.74		-1.068		2.102

		3.54		-1.405		2.158

		1.031		-2.339		1.865

		-1.425		-2.533		1.622

		-1.647		-3.79		1.343

		-1.819		-2.576		1.57

		-2.424		-1.763		1.374

		-2.957		-1.251		1.448

		-4.48		-2.098		1.411

		-3.53		-0.413		1.555

		-7.27		-1.79		1.457

		-7.62		-0.392		1.544

		-6.64		-1.139		1.711

		-3.97		-1.124		2.003

		-4.7		-1.063		2.074

		-4.41		-1.115		1.795

		-2.728		-0.782		2.027

		-4.11		-0.477		1.976

		-2.791		-0.2396		1.853

		0.2289		1.31		2.187

		-0.2419		1.422		2.102

		-0.481		1.538		2.476

		-2.616		0.907		2.188

		-3.35		0.912		2.138

		-3.63		1.528		2.233

		-2.823		1.665		2.338

		-1.461		2.132		2.286

		2.982		3.27		2.13

		1.7		2.735		1.93

		0.987		3.3		2.219

		2.13		4.74		2.185

		4.52		5.61		2.409

		2.937		5.47		2.879

		1.302		6.02		2.701

		4.76		6.57		3.143

		3.086		5.96		2.841

		0.782		4.71		2.829

		-1.345		3.83		1.641

		1.319		3.93		2.406

		3.034		3.022		2.525

		3.022		2.288		2.655

		-0.2697		1.772		2.668

		2.125		2.646		2.572

		4.69		3.96		2.838

		2.607		3.074		2.483

		5.03		3.071		2.418

		6.29		3.96		2.338

		6.8		3.74		2.206

		5.66		3.69		1.985

		5.96		3.42		1.972

		9.78		3.86		2.174

		10.11		4.34		2.277

		9.76		3.78		2.303

		11.19		2.753		2.233

		11.68		3.26		1.96

		11.06		4.28		1.669

		6.55		3.27		1.746

		5.11		3.88		1.899

		3.59		3.59		1.783

		-0.405		3.076		1.729

		-7.31		1.638		1.32

		-7.37		1.798		1.167

		-6.11		2.216		1.263

		-6.04		1.851		1.454

		-6.61		2.36		0.475

		-7.04		2.446		0.711

		-3.47		3.9		0.871

		-1.11		3.68		1.003

		-0.252		3.96		1.212

		1.671		4.67		1.756

		5.64		6.29		1.875

		5.89		6.25		1.992

		4.58		5.73		1.954

		0.652		4.77		1.807

		2.816		4.09		2.165

		7.64		3.46		2.262

		7.77		3.145		2.33

		8.6		3.69		2.517

		7.66		2.247		2.608

		6.68		2.602		3.128

		4.17		2.745		2.362

		5.07		2.212		2.475

		6.42		2.535		1.929

		10.04		3.85		2.355

		9.34		3.082		2.118

		6.24		1.512		1.774

		6.92		0.778		1.725

		3.54		0.1158		1.414

		3.62		0.623		1.507

		4.59		0.767		1.476

		6.95		0.382		1.367

		6.87		1.271		1.298

		4.86		0.924		1.088

		2.011		0.407		0.699

		0.268		-0.361		0.657

		-0.945		-0.02651		1.066

		-4.56		-0.786		0.727

		-1.742		-0.862		1.315

		-2.729		-1.27		0.861

		-3.66		0.1358		1.122

		-4.15		-0.698		1.051

		-4.77		-0.822		0.827

		-3.74		-0.556		1.089

		-0.84		0.807		1.167

		0.1896		1.359		1.026

		-0.2151		1.352		1.168

		0.828		2.382		1.28

		0.2336		1.248		1.223

		0.2733		1.536		1.507

		0.936		2.253		1.599

		-1.432		3.22		1.613

		1.643		2.423		1.83

		-0.455		1.619		2.01

		-0.715		0.981		1.403

		-0.992		1.156		0.935

		1.305		1.703		1.055

		2.968		1.924		1.426

		-0.001025		1.021		1.39

		-0.01119		0.399		1.116

		0.2147		0.353		0.778

		1.607		1.973		0.618

		-0.1017		1.024		0.414

		2.935		1.401		0.51

		2.435		0.85		0.138

		4.84		1.253		0.414

		4.05		0.353		0.443

		2.035		0.2503		0.634

		0.45		1.92		0.39

		3.52		1.79		0.616

		5.98		1.587		0.502

		6.98		1.753		0.375

		6.56		1.914		0.652

		1.79		1.133		0.2355

		0.658		0.0337		-0.0471

		0.792		-0.993		0.1038

		-1.621		-1.001		-0.2737

		-1.187		-0.848		-0.324

		1.31		0.443		0.1649

		-2.691		-0.505		-0.0575

		-6.18		-0.713		-0.629

		-4.9		-1.605		-0.335

		-2.952		-0.997		-0.1391

		-0.3017		-0.1858		0.1779

		-0.736		0.347		-0.02689

		-1.643		0.365		-0.2557

		-1.582		1.297		0.0474

		-0.1757		2.731		0.1559

		0.0886		3.42		0.552

		3.69		5.24		0.45

		5.57		6.09		0.591

		2.217		4.58		0.782

		2.734		3.6		0.0906

		2.04		3.44		0.1871

		1.588		3.35		0.483

		-2.129		3.29		0.0582

		0.403		3.72		0.858

		-1.978		4.1		0.353

		-0.877		3.8		0.92

		-1.173		1.902		0.605

		-0.671		1.423		0.636

		0.475		1.167		-0.1211

		-1.011		0.546		0.0734

		-0.683		1.102		0.544

		-0.2849		1.4		0.674

		5.01		2.02		0.2528

		5.34		2.798		0.384

		9.97		3.5		0.431

		10.04		3.28		0.493

		12.25		3.012		0.628

		13.02		2.519		-0.346

		11.32		2.858		0.0452

		9.75		2.459		0.183

		8.17		1.837		-0.467

		7.84		3.085		-0.0909

		6.9		1.862		-0.2743

		6.37		1.119		-0.537

		3.41		0.529		-0.785

		1.234		-0.569		-0.1696

		-4.56		-1.631		-0.1488

		-8.05		-1.777		-1.295

		-8.25		-0.684		-0.82

		-5.15		0.86		-0.65

		-4.62		0.518		-0.517

		-4.8		0.0505		-0.0924

		-5.5		0.478		-0.2798

		-3.48		-1.162		-1.052

		-1.689		0.585		-0.86

		-0.617		-1.039		-0.654

		1.025		0.3048		-0.652

		1.208		-1.161		-0.0944

		3.67		-1.357		-0.402

		1.773		-0.754		-0.399

		2.947		-2.265		-0.2614

		4.59		-0.408		-0.535

		4.2		-0.746		-0.702

		0.89		-1.947		-0.914

		-0.887		-1.253		-1.121

		-1.582		-3.78		-1.037

		-0.141		-2.646		-1.141

		1.455		-2.658		-1.2

		1.342		-2.827		-1.229

		4.72		-2.324		-0.43

		5.61		-2.381		-0.615

		6.24		-2.572		-0.536

		4.6		-3.013		-0.2915

		1.522		-3.34		-0.621

		4.01		-3.81		-0.874

		1.157		-3.079		-0.426

		0.1024		-3.96		-1.087

		-4.58		-4.27		-0.86

		-9.2		-3.46		-0.887

		-12.11		-4.2		-1.197

		-12.76		-4.09		-1.263

		-12.44		-4.53		-2.072

		-9.49		-3.5		-1.017

		-6.58		-4.01		-1.532

		-8.61		-3.83		-1.494

		-8.23		-2.589		-1.233

		-7.11		0.2241		-0.699

		-3.36		0.328		-0.333

		-0.34		0.391		-0.0614

		0.788		-0.376		-0.199

		-0.349		-0.1174		-0.1257

		-0.484		-0.552		-0.431

		-1.44		0.915		-0.695

		-3.98		1.018		-0.528

		-6.19		1.253		-0.589

		-0.711		2.069		-0.382

		-2.436		2.022		-0.539

		0.802		0.599		-0.736

		0.921		-0.1406		-1.018

		-1.756		0.819		-0.549

		-0.852		2.175		-0.1135

		-1.717		2.505		-0.882

		1.007		1.389		-0.579

		2.306		-0.1808		-0.437

		3.3		3.33		0.02391

		1.701		1.192		-0.594

		7.53		3.23		-0.1081

		6.47		0.561		0.1247

		2.667		-0.5		-0.537

		3.24		1.729		0.32

		1.707		0.744		-0.2129

		2.229		1.033		0.829

		1.879		1.559		0.457

		6.45		-0.02472		-0.03001

		5.73		0.1517		0.2561

		4		0.0877		-0.1003

		-0.01107		1.273		-0.2501

		-0.479		0.897		-0.345

		1.124		1.208		-0.481

		1.514		1.061		0.562

		2.527		1.156		0.0429

		2.068		1.626		0.2424

		-1.462		0.745		-0.1198

		-5.62		-1.466		0.2264

		-3.54		-1.002		-0.849

		0.394		-0.948		-0.2517

		1.951		-0.491		-0.265

		-2.374		-0.736		-0.65

		-1.517		-1.523		-0.0429

		-2.676		-1.041		-0.1531

		-1.904		-1.514		-0.03073

		-4.62		-2.201		-0.359

		-2.536		-2.106		-0.324

		-2.943		-1.841		-0.0534

		-1.487		-2.265		-0.234

		-0.613		-2.679		-0.318

		3.24		-2.195		-0.454

		3.84		-1.207		0.1583

		1.894		-1.369		0.1752

		0.997		-1.29		0.1901

		3.4		-0.2399		0.2592

		3.56		-0.501		0.2346

		0.41		-0.1645		0.557

		-0.1095		0.1975		0.0751

		0.708		-0.532		0.1165

		-1.029		-0.513		0.183

		-3.86		-2.161		0.0973

		-3.88		-2.09		-0.152

		-5.32		-2.581		-0.593

		-4.87		-2.257		-0.397

		-7.44		-2.453		-0.358

		-7.45		-3.47		-0.387

		-7.74		-3.61		0.000829

		-3.59		-0.906		0.1271

		-4.67		-2.921		0.415

		-4.47		-1.996		0.32

		-5.94		-1.567		-0.353

		-3.9		0.034		0.371

		-0.808		-0.2242		0.1868

		-0.367		-0.612		0.923

		1.14		-0.388		0.764

		-0.0818		-1.09		0.731

		3.026		0.403		1.462

		3.92		-0.831		0.903

		5.18		-0.2831		1.317

		6.42		0.0417		1.395

		2.91		-0.713		1.533

		3.76		-0.616		0.946

		0.35		-1.593		1.158

		0.3108		-0.645		0.779

		-1.957		-1.607		0.735

		-3.097		-1.386		1.191

		-5.51		-1.49		1.36

		-7.29		-2.974		1.534

		-5.14		-0.748		1.857

		-3.63		-1.582		1.563

		-0.314		-0.654		1.717

		1.089		-0.2382		1.516

		0.576		0.316		1.474

		-1.57		0.726		1.266

		-1.136		1.326		1.441

		1.72		2.453		1.818

		4.49		2.092		1.462

		4.4		2.749		1.454

		0.3018		2.532		1.626

		-5.08		1.14		1.355

		-7.49		1.338		1.605

		-8.65		0.32		1.344

		-5.64		1.113		1.174

		-1.2		1.848		1.218

		-2.051		1.917		0.982

		-0.831		2.335		1.032

		-2.613		1.912		0.671

		-3.82		1.71		0.881

		-0.1467		1.592		1.073

		1.41		1.465		1.195

		2.726		2.191		1.239

		3.69		2.312		0.612

		3.55		1.943		0.721

		5.54		0.963		0.1388

		6.32		1.666		0.482

		6.7		1.75		0.2489

		7.17		2.126		0.352

		7.7		2.2		0.78

		6.6		0.978		0.626

		3.76		1.978		0.982

		4.6		1.47		0.1178

		2.378		0.299		0.1748

		3.55		1.308		0.428

		1.781		0.978		0.561

		1.167		-0.0382		0.356

		-0.37		1.101		0.505

		1.897		0.36		-0.458

		0.418		1.209		0.557

		-1.754		0.3096		0.0466

		0.612		0.2163		0.163

		-1.086		1.055		-0.2865

		0.678		-0.695		-0.917

		-0.396		-0.603		-0.487

		-2.545		-0.525		-0.608

		-2.054		-1.917		-0.773

		-2.602		-0.2817		-1.417

		-4.13		0.0912		-0.751

		-3.67		-1.436		-0.462

		-1.072		0.984		-0.0543

		-0.1681		0.439		-0.748

		-0.195		-0.701		-0.409

		-1.961		-0.1674		-0.993

		-1.413		1.656		-1.073

		2.638		1.222		-0.589

		1.335		2.746		-0.1327

		2.617		3.51		-0.585

		3.89		2.893		-0.434

		4.17		2.725		0.3098

		4.53		1.762		-0.2475

		0.568		3.99		-0.2446

		-0.2997		3.086		0.2547

		0.903		1.548		-0.408

		-0.2613		3.64		-0.0611

		-2.894		1.471		-0.435

		-1.456		1.305		-0.526

		0.591		2.288		-0.888

		0.736		2.094		-0.82

		-1.316		3.77		-0.91

		-1.67		4.73		-1.752

		-0.527		3.57		-1.395

		-0.701		3.3		-0.869

		0.2491		2.649		-0.811

		4.61		2.391		-1.346

		8.98		5.05		-1.426

		6.94		3.52		-0.563

		7.87		2.631		-1.418

		8.05		2.305		-1.908

		7.35		2.816		-1.678

		5.81		2.082		-0.873

		6.1		2.545		-1.499

		4.72		3.57		-1.253

		3.84		3.18		-1.57

		5.19		1.501		-1.486

		0.1676		0.1702		-3.128

		0.851		0.383		-2.336

		-1.084		-0.405		-2.974

		3.031		-1.752		-2.402

		7.44		-0.2946		-2.798

		7.43		-0.779		-3.37

		6.04		-0.562		-3.59

		4.47		-0.789		-3.066

		4.38		-1.599		-3.28

		-0.637		-1.853		-3.66

		2.177		-2.148		-3.57

		1.725		-1.743		-3.41

		2.111		-2.325		-3.6

		-3.86		-3.51		-4.75

		-5.85		-3.71		-4.77

		-6.37		-3.27		-5.17

		-5.71		-2.396		-4.2

		-1.94		-1.984		-4.25

		-1.073		-2.034		-4.44

		-0.772		-1.666		-4.53

		-1.67		-1.275		-4

		-1.053		-0.01309		-3.85

		-1.295		-0.798		-4.06

		-2.343		-0.389		-3.88

		-0.495		-0.2235		-3.36
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Fig. 23 Relationship of 137Cs and mud content of sediment samples
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Fig 25a Multielement geochemical diagram for sediment samples (all samples)
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Fig 26. Chondrite-normalised rare earth element plot for sediment samples
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Fig. 23 Relationship of 137Cs and mud content of sediment samples

93.47

32.96

6.9

89.52

27.99

22.99

40.27

66.55

31.64

44.19

79.12

1.99

82.36

1.39

55.59

39.58

34.03

9.75

12.36

92.96

19.44

70.91

82.25

93.96



Fig 24

		0.82768		0.1		1.33

		1.94019		0.1		0.95

		0.89		0.1		1.15

		4.22856		1.47		0.1

		1.78144				0.1

		2.55256				2.05

		0.1				1.9

		3.77167				1.3

		1.73468				1.01

		2.63432

		2.63836

		3.52528



cluster

900m

90m

137Cs (Bqkg-1)

Clay (%)

Fig. 24. Relationship of  137Cs and clay content of sediment samples
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Fig 26. Chondrite-normalised rare earth element plot for sediment samples
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Fig. 24. Relationship of  137Cs and clay content of sediment samples
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Fig 26. Chondrite-normalised rare earth element plot for sediment samples
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