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The search for fossil fuels generates large volumes of drilled cuttings which under
certain conditions are defined as hazardous waste, negating disposal at sea. Much of the
cuttings end up in landfills.

The types of fluids used in well drilling operations determine to which extent the cut-
tings are considered hazardous. The main types of fluids are oil based mud (OBM) and water
based mud (WBM). Synthetic based mud (SBM) is a third option. The purpose of circulating
fluids into wells during drilling operations are several; stabilize the well bore, control subsur-
face pressure and formation pressure, control well stability and corrosion, cool and lubricate
the drill bit, and not the least to carry cuttings to the surface.

OBM is typically based on either mineral oil or linear paraffin, although some areas
still use diesel. One advantage of OBM over WBM is enhanced drilling performance, espe-
cially in technical challenging environments. A drawback, however, is the toxicity of OBM,
prohibiting discharge of cuttings directly from shakers to the marine environment under
most regulatory regimes. Drilled cuttings are rocks produced during drilling operations.
They become coated with drilling fluids during transport to surface. Typical OBM drill cut-
tings are composed of 70( mineral solids, 15( water and 15( oil by volume.
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Historically, offshore produced cuttings have been disposed of at sea.�However, envi-
ronmental laws and regulations have since 1993 prohibited such practice when using OBM,
or specifically when drilled cuttings exceed 1( oil by weight (NIVA, 2010). Drilled cutting
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particle size varies with drill bit, well bore length and geological formations, between
10 μm and 20 mm. Depending on the quality of OBM, the geological formations and
whether drilling is in hydrocarbon reservoir sections, cuttings are coated with different
hydrocarbons including PAHs, PCBs, and heavy metals. Re-injection of cuttings as a slurry
into subsurface formations has over the last few years met some challenges due to several
cases of loss of formation integrity, leading to leaks and cuttings re-entering the sea bed.
Such mishaps have developed into increased focus on design and maintenance of injection
wells. However, the method of re-injection is still widely used. Cleaning of OBM cuttings
offshore or transport of cuttings to shore are alternative cuttings management practices. For
logistics and cost reasons great emphasis is put on offshore waste minimization, including
reuse of mud.

The first exploration well on the Norwegian Continental Shelf was drilled in 1966.
Until 1980 diesel was used as the continuous phase in OBM drilling. Discharge of drilled
cuttings derived from OBM was allowed until 1993 (NIVA, 2010). After 1993 all cuttings
from drilling and production of hydrocarbons using OBM has been classified as hazardous.

WBM normally consists of environmental friendly chemicals, classified as green and
yellow with regard to environmental toxicity, and are allowed direct discharge to sea.
However, in environmental sensitive areas such as the Barents Sea, WBM discharges are
prohibited.

Total fluid management (TFM) leads to environmental impact reduction (EIR).�Mini-
mization of drilling fluid consumption through for instant reuse of fluids, leads to cost re-
duction. Volume of cuttings may be reduced through directional drilling and by drilling
smaller diameter holes. Choice of drilling techniques that consumes less drilling fluid volu-
mes provides cost savings. Use of fluids and additives with lower environmental impact is
also an option. The common weighing agent barite contains heavy metals, and could be
replaced by hematite (Fe2O3) or illmenite (FeTiO3). The same concern goes for chemical
components of drilling fluids; i.e., toxicity, biodegradability, persistence, bioaccumulation
and heavy metals.

Oil removed from cuttings opens for a wider variety of reuse of cuttings compared to
raw untreated cuttings. Examples of such practice include cuttings in road beds, construc-
tion materials, landfill cover and restoration of wetlands. The loss of integrity of wells and
reservoirs negates re-injection of cuttings as slurry. For larger field developments where
formations suitable for injection are available, this option may be evaluated and become
more economical compared to onshore transport and further treatment, despite potential for
reuse and recycling onshore.

Treatment of OBM drilled cuttings is initiated offshore by a shale shaker consisting of
vibrating screens. Further solids control could include gravitational sand settling, a specia-
lized desander and deciliter as well as centrifuges, all successively removing smaller solids
from the mud. The shale shaker is the universal common separation technique for separating
fluids from cuttings. Depending on local regulations and oil content on cuttings, available
disposal options include discharge to sea, underground injection, and further offshore and
onshore treatment. In Norway permits are required for all discharges as well as injection.
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Table 1 summarizes three years of accumulated drilled cuttings mass production from
the Norwegian offshore petroleum sector. Treatment of offshore generated drilled cuttings
is a challenge compared with cuttings generated onshore. After shaker separation of mud
and cuttings, the transport routes for the two components include internal transport on the
rig itself, from the rig to ship, further transport by ship to onshore receiving facilities, and
on to treatment facilities and possible reuse or final disposal. This is a cost issue of great
concern; logistics and transportation of offshore drilled cuttings.
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A purpose of the thermo-mechanical cuttings cleaner (TCC) is to convert hazardous
oily cuttings into a useful and environmentally safe product. TCC facilities are only located
onshore in Norway. However, offshore TCC units are considered by several operators.
Cuttings are allowed discharged to sea when no oily fluids are attached. TCC separation
is accomplished by generating temperatures of 240–300oC for evaporation of oil and water
from the mineral solids. More than 99( base oil recoveries with less than 2( solids are left
in recovered oil. The recoverable byproducts include base oil, water and solids; i.e., cut-
tings. Using TCC offshore eliminates the need for transport of cuttings ashore as well as
reduced human and environmental (HSE) exposures; improving health and safety.

A process mill is the heart of the TCC separation process and converts kinetic energy
to thermal energy by creating friction in the cuttings. Solids are recovered through an auger
system, discharged through a cell valve as dry powder and on to rehydration, with recovery
of water prior to disposal. Oil and water flash off as vapors, and are condensed and separa-
ted in a condenser skid. The water and crushed cuttings are cleaned to levels below Norwe-
gian requirements for sea discharge, 30 mg/l oil in water and 1( oil by weight on cuttings,
respectively.
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According to Thermtech (2006) the TCC unit holds several advantages compared to
other thermal desorption technologies. This includes small footprint, high mobility and

Year Cuttings  to land WBM cuttings discharged OBM cuttings injected 

2008 142 142 70 199 228 743 

2009 151 704 132 003 252 562 

2010 258 482 207 655 125 123 



&�

short time for startup. In addition the process chamber has no oxygen sources, is well insu-
lated and requires simple maintenance routines only. The capacity of a TCC unit depends on
the energy input as well as the feed composition. The amount of water in the feed will affect
the energy required to heat and evaporate the different compounds of the feed.�Low water
content will obviously yield a higher treatment capacity compared to a feed with higher
water content.

Statoil conducted an investigation of the TCC unit as a possible offshore treatment
option for drilled cuttings (Paulsen et al., 2003). In the Statoil study different modeling tools
were used to predict the environmental impact factor of drilled cuttings discharges. The test
feed was TCC treated powder slurry with condensed water from TCC vapor recovery.�Due
to the inherent safety as well as other beneficial qualities, the TCC is probably the only
thermal technology that can be operated on board a drilling rig (Thermtech, 2006). TCC
units have been successfully implemented on offshore rigs internationally (Svensen and
Taugbol, 2011). However, TCC is only used onshore in Norway, with the intention of going
offshore.�Experiences from offshore rigs outside Norway indicate that having TCC on the
rig reduces environmental impact. It likewise reduces costs affiliated with logistics and
transport of drilled cuttings, as well as disposal costs (Svensen and Taugbol, 2011).

������" ��

0%1 �������	

�2�3	����
�
�
����� $�4�������
�5���
��
�
��������	��
�
+�������	��
��
�

�
������	��6,	���.���.�%.$

0.1 �786�� �
	������� 7��
�
�
�� �
	� 9�
�	� :����	"+� -.�%�/$� 36�;�
	�	�������� ��

sjøbunn�<����
��	��#
�
��	�#����#�,��
�
���=��
$
0�1 3�������4$�$��=����!�'$�$��7���
>?	���$��6����$���6������$�$2���������		�
���
��������

����
��
�� ����� 
��������� �

� ���� ��� ���	� ���������� 	���
����$� �3�@76AB�5�!!��

���
�A	�������'�"+�
�
���B
���	��"��C��D+���
�
�$�6���A+���2� �
"��
�� 
�� 3�
	
;

������������	��.���$

0�1 ���������7$��E�	,��
�!�7$�$���#�	��7$�� �##��F$��G��"�
�H$��8������ ��������5$��G
�;

����=$6$��4
+������$��5
�
���$�$2��
����
��
	����������
�����
	����	��� ����!

"�
��������
	����������#����
��
����
��
	�����
�����
	�	��������
�����
��
������#

���$�6������	��,�,�	��.���$

0&1 ��������'$��'����
��F$2�������
��$��	��%�

��
�� �
�&�����
��
��'��������'����#

	��
�$��3��6	"
�"���!��D
	��������	
����
��B
���	��"����!��D+���
�
�$�5
�"
��

:������.�%%$

0�1 '+�	�
�"+�-.���/$�%�(�
������)&&�(����0=�����1$� �	���2�'+�	�
�"+$�6��������2

+

,2@@���$
+�	�
�"+$�
@+
��@
+�I
""@+
�;!
��;�;
"";	��I;�
	#@



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PLK ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


