3rd DRAFT 
3rd DRAFT
3rd DRAFT

Proposed Disposal Routes for NORM Contaminated Soil and Sludges.

1. Objective:
The objective of the paper is to propose safe disposal options for long term disposal of NORM suspect soil/sludges in PDO.  

2. Disposal Criteria:

The main criteria for safe disposal of NORM contaminated sludges are based on report and e-mail correspondence from Gert Jonkers of Shell International in the Netherland as well as e-mail correspondence from Brian Heaton, PDO’s Radiation Protection Adviser based in Aberdeen.  Key references are given below.  The main criteria that must be met are:

1) NORM-source (dose) action level of 300 µSv/y for workers (and the public at large)

2) NORM-source (dose) constraint of 10 µSv/y for long term resident

3. Sources and Quantity of NORM Contaminated Soil/Sludges:

The main sources of soil/sludges are from oil contaminated soil collected from oil spills and oily sludges such as from tank bottom and pigging exercises.  These two types of waste are taken to the asset waste management centers and landfarmed to reduce hydrocarbon content.  It has been noted that due to past practices, oily sludges and oil contaminated soil have been mixed together during the landfarming process.  This had  resulted in more NORM contaminated  soil/sludges than if the two types of waste had not been mixed.  For this paper, the mixture has now been classified as soil/sludges.  Instruction has since been sent to the waste management center not to mix the two types of waste.  

The quantity of soil/sludges used for this exercise is based on the inventory up to end 2003.  The quantity of soil/sludges and their NORM values used in this paper are based on information provided by Rashid Zakwani (TTKC11).  Rashid still retains the master file for such information.  Samples were collected and sent to SQU for radiation activity analysis from soil/sludges that registered 5 counts per second (cps) or more measured on the Mini Instrument 44A monitor.  Hence, soil/sludges which registered less than 5 cps is classified as ordinary gas/oil field waste.  For long term disposal, due to its half-life 226Ra is the only relevant  NOR and consequently has been used for classification of various NORM level in the soil/sludges.  Therefore, the quantity of soil/sludges at various radiation activity  is based on the 226Ra Activity concentration.  For workers exposure during landfarming of relatively fresh NORM, the (summed and normalised) activity concentration of 226Ra, 210Pb, 228Ra and 228Th is used for classification. 

The quantity of NORM suspect soil/sludges in PDO is summarised in Table 1.  Some 5.9% of the total soil/sludges ie 19387 tonne, is considered NORM suspect materials and disposal options for this quantity are considered in this paper. 

	Table1:        Quantity of NORM Suspect Soil/Sludges 

	 
	 
	 

	Classification
	Tonne
	 

	 
	Cumulative
	%

	Total quantity
	330746
	100

	Non NORM Suspect <5counts per second
	311359
	94.1

	Isotopic activity >0 Bq/g (Ra226) & >5cps
	19387
	5.9

	Isotopic activity>0.5 Bq/g (Ra226) & >5cps
	10045
	3.0

	Isotopic activity>1Bq/g (Ra226) & >5cps
	7681
	2.3

	Isotopic activity>2Bq/g (Ra226) & >5cps
	6660
	2.0

	Isotopic activity> 3Bq/g (Ra226) & >5cps
	6040
	1.8

	Isotopic activity>5Bq/g (Ra226) & >5cps
	2713
	0.8


The quantity of NORM soil/sludges at the asset level is summarised in Table 2.

	Table 2:
	Quantity of NORM Suspect Contaminated Soil/Sludges >5cps
	 

	Asset
	                                   Isotopic Activity (Ra226): Tonne
	 
	 
	 

	 
	>0 Bq/g
	%
	>0.5 Bq/g
	%
	>1 Bq/g
	%
	>2 Bq/g
	%
	>3 Bq/g
	%
	>5 Bq/g
	%

	Lekwair
	2580
	13
	1876
	19
	1173
	15
	1173
	18
	938
	16
	469
	17

	Yibal
	89
	0
	89
	1
	78
	1
	56
	1
	0
	0
	0
	0

	Fahud
	4200
	22
	3080
	31
	2240
	29
	1680
	25
	1400
	23
	280
	10

	Q Alam
	912
	5
	304
	3
	101
	1
	101
	2
	51
	1
	0
	0

	Nimr
	1476
	8
	328
	3
	0
	0
	0
	0
	0
	0
	0
	0

	Marmul
	2785
	14
	557
	6
	279
	4
	0
	0
	0
	0
	0
	0

	Bahja
	5905
	30
	2531
	25
	2531
	33
	2531
	38
	2531
	42
	844
	31

	MAF
	1440
	7
	1280
	13
	1280
	17
	1120
	17
	1120
	19
	1120
	41

	Total
	19387
	100
	10045
	100
	7681
	100
	6660
	100
	6040
	100
	2713
	100


4. Disposal Options:

Disposal at sea of NORM suspect soil/sludges is not recommended in view of hydrocarbon content in the soil/sludges and it may contravene the London Dumping Convention..  Incineration of NORM/sludges is also not recommended in view of possible carry over of NORM materials in the flue gas and ultimate disposal of residues such as fly ash and slag.

Options for disposal on land are discussed below

Option 1: 

Disposal Criteria: 

1) NORM-source (dose) action level of 300 µSv/y for workers

2) NORM-source (dose) constraint of 10 µSv/y for long term resident

3)   ICRP draft 2005 recommendation
 of 1 Bq[226Ra]/g activity for URL (Unconditional Release Limit), and assuming that these will be accepted in 2005.

1. Isotopic activity of less than 1 Bq/g (isotopic Ra226):  Land spreading method can be used. The soil/sludges will be spread over an area in the desert.  The quantity of soil/sludges  that falls under this category is 11706 tonne.    This option assumes that other pollutants eg HC, has been landfarmed to meet the required regulatory standard.

2. Isotopic activity from 1 to 15 Bq/g (isotopic Ra226): Conditioned released limit (CRL) for soil/sludges will be practiced.   Land farming method cannot be used as the workers exposure will exceed 300 microS/yr.  Alternative method for treatment of HC to required regulatory limit is needed, such as fully enclosed high rate bioreactor. The soil/sludges will be disposed via shallow disposal ie buried in trenches of at least 5 meter deep, subject to a proper risk study.  In addition, big boulders may be placed on top to discourage further use of the land above the disposal site.  The quantity of sludges under this option is 7681 tonne. 

Disposal option 1 is summarised in Table 3 below.

	Table 3: 
	Disposal Option 1
	 

	 
	
	 

	Method
	Classification
	Quantity

	 
	 
	tonne

	Land Spreading
	Isotopic activity <1Bq/g (Ra226) 
	11706

	Enclosed Bioreactor, followed by Shallow Disposal 
	Isotopic activity 1-15Bq/g (Ra226) 
	7681

	Total
	 
	19387


Option 2: 

Disposal Criteria: 

1) NORM-source (dose) action level of 300 µSv/y for workers

2) NORM-source (dose) constraint of 10 µSv/y for long term resident

3) Shell’s standard of  0.5 Bq/g (Ra226) activity for URL (Unconditional Release Limit) as recommended by Gert Jonker.

1. Isotopic activity of less than 0.5 Bq/g (isotopic Ra226):  Land spreading method can  can be used. The soil/sludges will be spread over an area in the desert. The quantity of soil/sludges  that falls under this category is 9342 tonne.   This option assumes that other pollutants eg HC, has been landfarmed to meet the required regulatory standard.

2. Isotopic activity from 0.5 to 15Bq/g (isotopic Ra226): Conditioned released limit (CRL) for soil/sludges will be practiced.   Land farming method cannot be used as the workers exposure will exceed 300 microS/yr.  Alternative method for treatment of HC to required regulatory limit is needed, such as fully enclosed bioreactor.  The soil/sludges will be buried in trenches of at least 5 meter deep, subject to a proper risk study.  In addition, big boulders may be placed on top to discourage further use of the land above the disposal site.   The quantity of sludges under this option is 10045 tonne. 

Disposal option 2 is summarised in Table 4 below.

	Table 4: 
	Disposal Option 2
	 

	 
	 
	 

	Method
	Classification
	Quantity

	 
	 
	tonne

	Land Spreading
	Isotopic activity <0.5Bq/g (Ra226) 
	9342

	Enclosed Bioreactor, followed by Shallow Disposal
	Isotopic activity 0.5-15Bq/g (Ra226)
	10045

	Total
	 
	19387


Option 3

Disposal Criteria:

1) NORM NORM-source (dose) action level of 300 µSv/y for workers

2) NORM-source (dose) constraint of 10 µSv/y for long term resident

3) Shell’s standard of  0.5 Bq/g (Ra226) or ICRP draft 2005 recommendation
 of 1 Bq[226Ra]/g activity for URL (Unconditional Release Limit), and assuming that these will be accepted in 2005.  Shallow disposal is not acceptable

1. Isotopic activity of less than 0.5 Bq/g (isotopic Ra226) or 1 Bq/g (isotopic Ra226):  Land spreading  method can  can be used. The soil/sludges will be spread over an area in the desert. The quantity of soil/sludges  that falls under this category is 9342 tonne (for 0.5 Bq/g) or 11706 tonne (for 1 Bq/g).   This option assumes that other pollutants eg HC, has been landfarmed to meet the required regulatory standard.

2. Isotopic activity from 0.5 Bq/g (or 1Bq/g) to 15 Bq/g (isotopic Ra226):  Shallow disposal not acceptable.  Soil/sludges will be disposed via deep hole injection.  The quantity of soil/sludges under this category is 10045 tonne greater than 0.5 Bq/g (or 7681 tonne greater than 1 Bq/g).

Disposal option 3 is summarised in Table 5 and 6 below.

	Table 5: 
	Disposal Option 3a
	 

	 
	 
	 

	Method
	Classification
	Quantity

	 
	 
	tonne

	Land Spreading
	Isotopic activity <1Bq/g (Ra226)
	11706

	Deep Hole Disposal
	Isotopic activity >1Bq/g (Ra226) 
	7681

	Total
	 
	19387


	Table 6: 
	Disposal Option 3b
	 

	 
	 
	 

	Method
	Classification
	Quantity

	 
	 
	tonne

	Land Spreading
	Isotopic activity <0.5Bq/g (Ra226) 
	9342

	Deep Hole Disposal
	Isotopic activity > 0.5Bq/g (Ra226) 
	10045

	Total
	 
	19387


Option 4:

The government through its privatisation programme will be building a national hazardous waste management center in Adam. It may be possible to negotiate with the government to include NORM waste as part of hazardous waste in the center and create a permanent NORM waste disposal center for the oil and gas industry.  The disposal route in the center can be those identified in the three options above.  

5. Discussion:

The most stringent option is 3b which complies with Shell standard for land spreading limited to 0.5 Bq/g isotopic (Ra226).  Deep hole injection of the remaining soil/sludges removes long and very long term liability.  The next stringent is option 3a if the ICRP recommendation is accepted in 2005.  Option 3 is also the most costly as a larger quantity of soil/sludges need to be deep hole injected.  Option 1 and 2 have some liability as the HC treated soil/sludges buried under shallow disposal may be disturbed as PDO cannot guarantee that shallow disposal may not be disturbed when its concession is given back to the government.  The cost is lower.  Option 4 is worth exploring with the government as it is in the government interest to have a dedicated national NORM disposal site in the country managed by dedicated NORM management.  However, being a privatised body, it may be more costly to disposed off the NORM suspect soil/sludge.  Another question is whether PDO liability ends after the privatised waste center has accepted the NORM suspect waste.

5. Recommendation:

PDO need to discuss these options with the MRMEWR.  For this purpose, it is recommended that we use disposal option 1 as a basis for discussion as it is also applicable for discussion on option 4.  In the event that the ICRP recommended 1 Bq/g (Ra226) is not adopted, PDO can use disposal option 2 as it is more stringent than option1.  
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