Environmental
Studies
Research
Funds

166

Cuttings Treatment
Technology Evaluation
July 2009

Correct citation for this report is:
Jacques Whitford Stantec Limited, July 2009
Cuttings Treatment Technology Evaluation
Environmental Studies Research Funds Report No. 166. St. John’s, NL. 100 p

The Environmental Studies Research Funds are ﬁnanced from special levies on the oil and gas industry and
administered by the National Energy Board for the Minister of Natural Resources Canada and the Minister
of Indian Affairs and Northern Development.
The Environmental Studies Research Funds and any person acting on their behalf assume no liability arising
from the use of the information contained in this document. The opinions expressed are those of the authors
and do not necessarily reﬂect those of the Environmental Studies Research Funds agencies. The use of trade
names or identiﬁcation of speciﬁc products does not constitute an endorsement or recommendation for use.
Printed under the auspices of the
Environmental Studies Research Funds
Cat. No. NE22-4/166E (Print)
ISBN 0-921652-85-2
Cat. No. NE22-4/166E-PDF (On-line)
ISBN 978-1-926750-05-7
To view a colour version of this publication, visit us online at esfunds.org/pubpub_e.php
© Her Majesty the Queen in Right of Canada, 2009
Recycled paper

Environmental Studies Research Funds
Report No. 166

July 2009

Cuttings Treatment Technology Evaluation

by

Jacques Whitford Stantec Limited
3 Spectacle Lake Drive
Dartmouth, NS B3B 1W8
Tel: 902-468-7777
Fax: 902-468-9009

TABLE OF CONTENTS
EXECUTIVE SUMMARY ............................................................................................................................................................. 1
RESUMÉ ............................................................................................................................................................................................. 5
1.0 INTRODUCTION ................................................................................................................................................................. 9
1.1 GENERAL ................................................................................................................................................................................. 9
1.1.1 Technical Advisory Group ......................................................................................................................................... 9
1.1.2 Supporting Contributors.......................................................................................................................................... 10
1.2 OBJECTIVES AND SCOPE ............................................................................................................................................... 10
1.3 STUDY APPROACH AND METHODS........................................................................................................................ 11
2.0
2.1
2.2
2.3

DRILLING MUDS CHARACTERIZATION ............................................................................................................... 12
PHYSICAL ..............................................................................................................................................................................13
CHEMICAL ............................................................................................................................................................................13
CONTAMINANTS .............................................................................................................................................................. 14

3.0 REGULATORY STANDARDS AND GUIDELINES ................................................................................................. 14
3.1 CURRENT NATIONAL REGULATIONS AND GUIDELINES ........................................................................... 14
3.2 OTHER REGIONS AND JURISDICTIONS ................................................................................................................ 15
3.2.1 United States ............................................................................................................................................................. 15
3.2.1.1 Gulf of Mexico.............................................................................................................................................. 16
3.2.2 Rationale for Gulf of Mexico Limitations .............................................................................................................. 19
3.2.3 Norway ..................................................................................................................................................................... 21
3.2.4 North Sea ................................................................................................................................................................... 22
3.2.5 Australia ..................................................................................................................................................................... 23
3.2.6 Brazil ..................................................................................................................................................................... 24
3.3 MEASURING SBM AND CUTTINGS COMPLIANCE........................................................................................... 24
3.4 FURTHER INFORMATION ABOUT BEST MANAGEMENT PRACTICES .................................................. 26
4.0 DRILL CUTTINGS TREATMENT TECHNOLOGY............................................................................................... 27
4.1 TREATMENT TECHNOLOGY OVERVIEW ............................................................................................................ 27
4.2 DRILLING PLATFORM SOLIDS-CONTROL SYSTEMS ...................................................................................... 30
4.2.1 Primary Treatment Systems .................................................................................................................................... 30
4.2.1.1 Shakers ....................................................................................................................................................... 31
4.2.1.2 Hydrocyclones ........................................................................................................................................... 32
4.2.1.3 Centrifuges................................................................................................................................................. 33
4.2.2 Secondary Treatment Systems ................................................................................................................................ 34
4.2.2.1 Cuttings Dryers......................................................................................................................................... 35
4.2.2.2 Thermal Desorption Methods ................................................................................................................ 36
4.3 OTHER TECHNOLOGIES ............................................................................................................................................... 38
4.4 ALTERNATIVE CUTTINGS MANAGEMENT OPTIONS................................................................................... 40
4.4.1 Cuttings Re-Injection ............................................................................................................................................... 40
4.4.2 Ship-to-Shore Cuttings Disposal ............................................................................................................................ 41
5.0 TECHNOLOGY PERFORMANCE................................................................................................................................. 43
5.1 DRILL CUTTINGS DISCHARGE QUALITY ............................................................................................................. 43
5.1.1 Summary of Recent Studies..................................................................................................................................... 43
5.1.2 Data Assessment of Recent East Coast Operator Equipment Performance ..................................................... 44
6.0 ENVIRONMENTAL EFFECTS MONITORING ....................................................................................................... 49
6.1 REVIEW OF RECENT PUBLICATIONS...................................................................................................................... 49
Final Report: Cutting Treatment Technology Evaluation

i

6.2
7.0
8.0
9.0

GENERAL CONCLUSIONS OF RECENT EEM STUDY REVIEWS .................................................................. 50
CONCLUSIONS ................................................................................................................................................................... 54
CLOSURE ...............................................................................................................................................................................57
REFERENCES .......................................................................................................................................................................57

LIST OF APPENDICES
APPENDIX A International Requirements for Discharge of Drilling Mud & Cuttings........................................................ 64
APPENDIX B Summary of Recent Mud and Cuttings Oﬀshore Discharge EEM Studies................................................... 82

LIST OF FIGURES
Figure 4-1
Figure 4-2
Figure 4-3
Figure 4-4
Figure 4-5
Figure 4-6
Figure 4-7
Figure 4-8
Figure 4-9
Figure 4-10
Figure 4-11
Figure 4-12
Figure 4-13
Figure 4-14

Circulation of drilling ﬂuid during drilling and suspension and removal of drill cuttings (OGP, 2003)........ 27
Photograph of drill cuttings (UKOOA website) .................................................................................................. 28
Schematic ﬂow chart showing separation of drill cuttings from drilling
ﬂuids and options for cuttings disposal. (OGP, 2003) .......................................................................................... 28
Solids-control equipment optimum particle size cut points.
(Marinescu et al., 2007)............................................................................................................................................ 31
Example of shaker equipment (MI-SWACO, 2008) ........................................................................................... 31
Typical shaker screening operation (CAPP, 2001)................................................................................................ 32
Desander hydrocyclone (MI-SWACO, 2008) ...................................................................................................... 32
Hydrocyclone application (CAPP, 2001) ............................................................................................................... 33
Decanter centrifuge (MI-SWACO, 2008) ............................................................................................................. 33
Cross-section of a decanting centrifuge (CAPP, 2001)......................................................................................... 34
Example solids-control system for SBM drill cuttings, including
secondary vertical cuttings dryer. (OGP, 2003) ..................................................................................................... 34
Vertical cuttings dryer (MI-SWACO, 2008) ........................................................................................................ 35
Example of a rotary kiln-type thermal desorption plant for onshore treatment of
drill cuttings. ( Jacques Whitford, 2002) ................................................................................................................ 36
TCC heat generation mechanics. (Murray et al., 2008)....................................................................................... 36

Figure 4-15 TCC thermal desorption system for oﬀshore or onshore application
(Thermtech, 2008) .................................................................................................................................................... 37
Figure 4-16 Schematic of pilot scale microwave cuttings treatment unit.
(Robinson et al., 2008) ............................................................................................................................................. 38
Figure 4-17 Typical Re-Injection Equipment Lay-out. (Gidatec website, 2008) ................................................................... 40
Figure 4-18 Cuttings Re-Injection Options (MI-SWACO, 2008).......................................................................................... 40
Figure 4-19 Waste injection system (MI-SWACO, 2008) ....................................................................................................... 41
Figure 4-20 Diagram of a “skip and ship” operation (From: Kirkness and Garrick, 2008). ................................................... 41
Figure 5-1 Summary of Equipment Conﬁguration Statistics ................................................................................................. 47

LIST OF TABLES
Table 3.1
Table 4.1
Table 5.1
Table 5.2
Table 5.3

Drill Mud and Cuttings Eﬄuent Discharge Limits U.S. Gulf of Mexico Outer Continental Shelf ............... 18
Framework of parameters for evaluating disposal options (OGP, 2003) ........................................................... 30
Summary of Previous ROC Study Findings ......................................................................................................... 43
Per Well Mass Weighted %SOC............................................................................................................................. 45
Summary of %SOC Removal by Conﬁguration Grouping ................................................................................. 46

ii Final Report: Cutting Treatment Technology Evaluation

EXECUTIVE SUMMARY
The Environmental Studies Research Funds (ESRF) sponsored a technical report compiling information on
technologies and performance data relative to the treatment and disposal of synthetic based mud (SBM) drill cuttings
associated with oﬀshore oil and gas drilling activities. This review focused mainly on Canadian Atlantic East Coast
operations and drew upon experience acquired in the Gulf of Mexico, North Sea and elsewhere. After produced
water, drill cuttings are the next largest discharge (by volume) into the marine environment from drilling activities,
and are a key concern in all jurisdictions that support oﬀshore oil and gas operations. Reviewing the period from
2002 to 2008, the study summarized various regulatory standards and guidelines around the world pertaining to
synthetic based mud (SBM) cuttings disposal, updated the current state of cuttings treatment technology, assessed
technology performance on Canada’s East Coast and provided a summary of environmental eﬀects monitoring
from numerous jurisdictions.
The outcomes of this study are intended to provide updated information from 2002 to present on this subject, since
the publication of the Oﬀshore Waste Treatment Guidelines in August 2002. The key results and conclusions from
this study are as follows.
SBM DRILL CUTTINGS CHARACTERISTICS


t



t



t

4#.TIBWFCFFOEFWFMPQFEJOSFDFOUZFBSTUPQSPWJEFUIFPJMBOEHBTJOEVTUSZXJUIBOFOWJSPONFOUBMMZ
improved alternative to oil based muds (OBMs). A distinguishing characteristic of SBMs is the use of
a synthetic base ﬂuid (SBF) instead of water or oil. Because SBMs have low toxicity and high biodegradability,
cuttings generated with these muds have been permitted for oﬀshore discharge in many jurisdictions, often
subject to eﬄuent limits.
4#'TBSFQSFQBSFETZOUIFUJDBMMZBOE BTTVDI BSFXFMMDIBSBDUFSJ[FEBOEGSFFPGTVCTUBOUJBMJNQVSJUJFTɩF
base ﬂuids in SBFs are synthesized organic compounds that do not contain the toxic components found
in reﬁned oils, such as aromatics and cyclic structures. The most common SBM types include esters, ethers,
iso-alkanes, poly-alpha-oleﬁns, detergent alkylate, linear alpha-oleﬁns, isomerized oleﬁns, and dimethyl
siloxane-based oligomeric siloxanes (Hart et al., 2007).
.FUBMDPODFOUSBUJPOTJO4#'TBSFFYQFDUFEUPCFTJNJMBSUPUIPTFJOXBUFSCBTFENVET 8#.T 8JUIUIF
exception of barium, metal concentrations are typical of the range measured in uncontaminated marine
sediments (Neﬀ et al., 2000). SBFs typically do not contain polynuclear aromatic hydrocarbons (PAHs).

REGULATORY STANDARDS AND GUIDELINES


t

ɩFEJTQPTBMPGESJMMNVEBOEDVUUJOHTJO&BTUFSO$BOBEBJTDVSSFOUMZDPOUSPMMFEVOEFSUIF0ĊTIPSF8BTUF
Treatment Guidelines, 2002. Under these Guidelines, drill cuttings associated with SBM are to be
re-injected, and where this option may not be technically feasible, the cuttings may be discharged to sea
provided that they are treated ﬁrst with the best available technology. When these guidelines were published,
the best available treatment technology in some regions of the world was believed to be 6.9 g/100 g or
less of oil on wet solids, and 6.9% was set as the allowable discharge limit for synthetic oil on cuttings
(SOC). This discharge limit may be modiﬁed in individual circumstances where more challenging
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formations and drilling conditions are experienced or areas of increased environmental risk are identiﬁed.
In Nova Scotia, the 6.9% target has been reached through a combination of treatment system technologies
and other management controls, such as ship to shore.
ɩF40$DPODFOUSBUJPOPGOPUFEJOUIF$BOBEJBO0ĊTIPSF8BTUF5SFBUNFOU(VJEFMJOFT  XBT
based on the United States Environmental Protection Agency (USEPA) results obtained from the Gulf of
Mexico. This retention on cuttings limit was developed by the USEPA based on a statistical analysis of
data from 65 wells and representing four cuttings dryer technologies (USEPA, 2000c). In this study, the
USEPA noted that the well average retention on cuttings measurements from Canada were all higher than
those found in the Gulf of Mexico, arguing that the Canadian data do not belong to the same probability
distribution as that associated with the data from the Gulf of Mexico. USEPA concluded that because
these technologies appear physically and statistically diﬀerent, a single distribution for retention on cuttings
from any combination of cuttings dryer technologies does not exist for multiple regions (USEPA 2000b).
The diﬀerence in retention on cuttings appears to be associated with variations/diﬀerences in geological
formations (coarser materials generally associated with the Gulf of Mexico), and diﬀerences in the well
bottom hole assemblies, all resulting in higher % SOC in the Canadian oﬀshore wells.
ɩFNBKPSJUZPGUIFUFDIOPMPHZCBTFEMJNJUBUJPOTQFSUBJOJOHUPUIFEJTQPTBMPG4#.PODVUUJOHT XPSMEXJEF 
are related to percentage retention of mud on cuttings. The Gulf of Mexico has additional limitations,
including toxicity testing and biodegradation. Australia has added a limitation stipulating the size of the
drill hole for which SBM may be discharged. Other countries, including Norway, have prescribed
environmental monitoring programs as a means of measuring treatment performance, and still others have
no restrictions on the disposal of SBM.

DRILL CUTTINGS TREATMENT TECHNOLOGY
t

t

t

ɩFQSJNBSZGVODUJPOPGBUZQJDBMTPMJETDPOUSPMUSFBUNFOUTZTUFNJTUPFċDJFOUMZSFNPWFUIFTPMJETGSPN
the treatment stream in order to maximize the recovery and recycling of the costly drilling ﬂuids. Maximizing
the recycling of drilling ﬂuid also reduces the total volume of spent SBM drill ﬂuids that must be disposed
of upon completion of drilling operations.
#BTFEPOUIFEFmOJUJPOTESBGUFECZUIF"TTPDJBUJPOPG0JM(BTQSPEVDFST 0(1 QSJNBSZUSFBUNFOU
systems are aimed at solids removal and drill ﬂuids recovery, and compliance with environmental
requirements. Secondary treatment systems are additional equipment that may be added to increase
drilling ﬂuid recovery and/or help comply with stringent regulatory requirements for oﬀshore
cuttings discharge.
7BSJPVT UZQFT PG QSJNBSZ TPMJET DPOUSPM FRVJQNFOU FH  TIBLFST  DFOUSJGVHFT  DPOUJOVF UP CF UIF NBJO
components used to remove SBMs on cuttings. Although reﬁnements have been made to primary
treatment equipment, these technologies remain relatively similar to 2002 designs. There is no one speciﬁc
treatment process that can be deﬁned for all primary solids-control applications. The number and type
of system components are selected according to site-speciﬁc drilling requirements (e.g., volumes to be
treated, variability in formation, production rate), and brought online or oﬄine during the course of drilling
operations, as required.
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ɩFUXPNPTUDPNNPONFUIPETGPSTFDPOEBSZUSFBUNFOUUPSFEVDFESJMMJOHnVJESFUFOUJPOPODVUUJOHT
(ROC) are cuttings dryers and thermal desorption. Although other innovative technologies, such as
microwave treatment, have been studied, they are not available on a full-scale commercial basis.
ɩFEFTJHOPGDVUUJOHTESZFSTDPOTJTUTPGBmOFNFTITDSFFONPVOUFEPOBSPUBUJOHCBTLFUUIBUHFOFSBUFT
centrifugal forces for separation. The centrifuge may be horizontally or vertically oriented (Cannon and
.BSUJO  ɩF7FSUJ(DVUUJOHTESZFSGSPN.*48"$0JTBOFYBNQMFPGWFSUJDBMNPVOUFEDVUUJOHT
ESZFSɩF%VTUFSGSPN)VUDIJTPO)BZFTVTFTBIPSJ[POUBMTDSFFODPOmHVSBUJPO
*OUIFUIFSNBMEFTPSQUJPOQSPDFTT DVUUJOHTBSFIFBUFEUPUIFEJTUJMMBUJPOUFNQFSBUVSFPGUIFCBTFPJM BOE
this temperature is maintained until essentially all of the oil is vaporized. When ﬁrst developed, thermal
desorption required large, ﬁxed onshore facilities because of the space and energy requirements. A thermomechanical cuttings cleaner (TCC) system, also known as a hammermill system, has been successfully used
both onshore and oﬀshore. The cuttings powder resulting from this process typically has a hydrocarbon
content of <0.1%.
*OBEEJUJPOUPPĊTIPSFUSFBUNFOUBOEEJTQPTBM BMUFSOBUJWFNFUIPETGPSUIFEJTQPTBMPGESJMMDVUUJOHTJODMVEF
cuttings re-injection (CRI), or transport of the cuttings to shore for onshore treatment and/or disposal (i.e.,
ship-to-shore). Signiﬁcant advancements have been made in the last decade with CRI. The process requires
intricate design and is subject to reservoir constraints. For ship-to-shore, a key safety concern is the large
number of crane lifts needed to transfer cuttings boxes between drilling rigs and onshore facilities. Cuttings
handling and transport also poses logistical challenges because of the limited storage space available on
oﬀshore drilling rigs.

TECHNOLOGY PERFORMANCE
Drill cuttings treatment performance was based on information received from two major operators on the Canadian
East Coast from 2002 to 2007.
t ɩFTUVEZSFTVMUTJOEJDBUFUIBUPOBXIPMFXFMMCBTJTUIF40$JTTFMEPNBDIJFWFE PVUPGXFMMT
in the Eastern Canada examples that were studied achieved 6.9% SOC between 2002 and 2007). It was
found that the per-well mass average % SOC was 8.46%.
t 'PVSFRVJQNFOUDPOmHVSBUJPOTEJTDIBSHFEUIFHSFBUFTUXFJHIUPGDVUUJOHT0GUIFTFUPQGPVS UIFBWFSBHF
percent synthetic on cuttings (% SOC) ranged from 7.09 to 9.55.
t %VSJOHTQFDJmDQFSJPETPGUSFBUNFOU B40$XBTBDIJFWFE)PXFWFS UIFBTTPDJBUFEUSFBUFENBTT
of cuttings discharged (less than 6.9% SOC) represented less than 10% of the total treated mass of 15
assessed wells.
t 0OFPQFSBUPSSFQPSUFEUIBUESJMMJOHPQFSBUJPOTDPOEVDUFEJOUIF/PWB4DPUJBPĊTIPSFJOXFSFBCMFUP
BDIJFWFUIF40$UISPVHIVTFPGB7FSUJ(DVUUJOHTESZFS DPNCJOFEXJUITIJQUPTIPSFUSBOTQPSUPG
TPNFESJMMJOHXBTUFT)PXFWFS UIFQSPWJEFEEBUBEJEOPUBMMPXGPSBOBTTFTTNFOUPGUIF7FSUJ(DVUUJOHT
dryer stand-alone performance.
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&/7*30/.&/5"-&''&$54.0/*503*/(
t ɩF FOWJSPONFOUBM FĊFDUT PO CFOUIJD DPNNVOJUJFT GSPN 4#. ESJMM DVUUJOHT EJTDIBSHF BQQFBS UP CF
generally limited to within 500 metres of the discharge point. This area may be extended at production
drilling areas where volume and duration of discharges are greater. Available data from Environmental
Eﬀects Monitoring Studies indicate that SBMs do not appear to pose a risk of speciﬁc ecotoxicological
eﬀects. SBMs typically do not contain polycyclic aromatic hydrocarbons (PAHs), and with the exception
of barium, metal concentrations are usually similar to the range measured in uncontaminated marine
sediments.
t 4#.T BSF OPU FYQFDUFE UP CJPBDDVNVMBUF TJHOJmDBOUMZ CFDBVTF PG UIFJS FYUSFNFMZ MPX XBUFS TPMVCJMJUZ
and consequent low bioavailability. Their propensity to biodegrade further reduces the likelihood that
exposures will be long enough for a signiﬁcant bioaccumulative hazard to result. Cuttings discharged with
SBFs have resulted in smaller zones of impact on the seaﬂoor, and the biological community recovers more
SBQJEMZ 0(1 
t "UTJUFTXIFSF4#.TXFSFVTFE mFMETUVEJFT TFF"QQFOEJY# UZQJDBMMZTIPXUIBUTUSPOHJOEJDBUJPOTPG
recovery occur within one to ﬁve years from cessation of discharges.
In summary, this study has concluded that technologies available for the treatment of drill cuttings have remained
essentially unchanged since 2002, with the exception of advances in cuttings dryers and thermal desorption
technologies. Performance of oﬀshore treatment systems for SBM drill cuttings from 2002 to 2007 rarely achieved
the 6.9% SOC concentration on a “per well” basis, based on the reviewed information. These results are consistent
with the USEPA ﬁndings in 2000 that also reviewed data from Canada. The environmental eﬀects on benthic
communities from SBM drill cuttings discharge appear to be generally limited to within 500 metres of the discharge
point for exploration drilling. At sites where SBFs were used, ﬁeld studies typically show that strong indications of
recovery occur within several years.
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RÉSUMÉ
Le Fonds pour l’étude de l’environnement (FEE) a commandité un rapport technique compilant des renseignements
sur les technologies utilisées et le rendement des systèmes de traitement et d’élimination des déblais de forage
imprégnés de boues synthétiques, associés aux activités de forage de puits de pétrole et de gaz naturel en mer. Ce
rapport s’est concentré principalement sur les activités ayant lieu sur la côte Est du Canada atlantique tout en se
fondant sur l’expérience acquise dans le golfe du Mexique, la mer du Nord et ailleurs. Après l’eau produite, les déblais
de forage représentent le deuxième plus important rejet (en volume) en mer dans le cadre d’activités de forage et
préoccupent grandement tous les organismes qui appuient les opérations pétrolières et gazières au large des côtes.
Examinant la période entre 2002 et 2008, l’étude a fait un résumé de diverses normes et directives de réglementation
dans le monde concernant l’élimination des déblais imprégnés de boues synthétiques, une mise à jour de l’état actuel
des technologies de traitement des déblais, une évaluation du rendement des technologies utilisées sur la côte Est du
Canada ainsi qu’un résumé des suivis des eﬀets sur l’environnement eﬀectués par de nombreux organismes.
Les résultats de l’étude sont destinés à la mise à jour des renseignements qui remontent à 2002 sur ce sujet, soit
depuis la publication des Lignes directrices relatives au traitement des déchets dans la zone extracôtière en août 2002.
Ci-après se trouvent les résultats et conclusions clés de cette étude :
CARACTÉRISTIQUES DES DÉBLAIS IMPRÉGNÉS DE BOUES SYNTHÉTIQUES
t -FT CPVFT TZOUIÏUJRVFT POU ÏUÏ EÏWFMPQQÏFT BV DPVST EFT EFSOJÒSFT BOOÏFT BmO EF EPOOFS Ë MJOEVTUSJF
pétrolière et gazière une meilleure solution pour l’environnement en remplacement des boues à base d’huile.
Les boues synthétiques se distinguent par l’utilisation d’un ﬂuide à base synthétique au lieu de l’eau ou de
l’huile. Puisque les boues synthétiques sont peu toxiques et hautement biodégradables, les déblais qui en
sont imprégnés peuvent être rejetés en mer dans de nombreux pays, souvent sous réserve de limites en
matière d’eﬄuents.
t -FTnVJEFTËCBTFTZOUIÏUJRVFTPOUQSÏQBSÏTTZOUIÏUJRVFNFOUFUDPNNFUFMT JMTPOUEFTDBSBDUÏSJTUJRVFT
bien déﬁnies et sont exempts d’impuretés substantielles. Les ﬂuides de base sont des composés organiques
TZOUIÏUJTÏT RVJ OF DPOUJFOOFOU QBT MFT ÏMÏNFOUT UPYJRVFT USPVWÏT EBOT MFT IVJMFT SBċOÏFT UFMMFT RVF MFT
aromatiques et les structures cycliques. Les types de boues synthétiques les plus courants comprennent les
esters, les éthers, les iso-alcanes, les poly-alpha-oléﬁnes, les alkylats détergents, les alpha-oléﬁnes linéaires,
les oléﬁnes isomérisées et les siloxanes oligomériques à base de diméthyl siloxane (Hart et al., 2007).
t -FTDPODFOUSBUJPOTNÏUBMMJRVFTEBOTMFTnVJEFTËCBTFTZOUIÏUJRVFEFWSBJFOUÐUSFTJNJMBJSFTËDFMMFTEBOTMFT
boues à base d’eau. À l’exception du baryum, les concentrations de métaux sont caractéristiques de l’étendue
des valeurs mesurées dans les sédiments marins non contaminés (Neﬀ et al., 2000). En général, les ﬂuides
à base synthétique ne contiennent pas d’hydrocarbures aromatiques polycycliques.
/03.&4&5%*3&$5*7&4%&3²(-&.&/5"5*0/
t -ÏMJNJOBUJPO EFT CPVFT FU EÏCMBJT EF GPSBHF EBOT M&TU EV $BOBEB FTU BDUVFMMFNFOU DPOUSÙMÏF TFMPO MFT
Lignes directrices relatives au traitement des déchets dans la zone extracôtière de 2002. Conformément
à ces lignes directrices, les déblais de forage imprégnés de boues synthétiques doivent être réinjectés et
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si cette option n’est pas techniquement faisable, ils peuvent être rejetés en mer à condition de les traiter
préalablement au moyen des meilleures technologies disponibles. À l’époque où ces lignes directrices étaient
publiées, le traitement selon la meilleure technologie disponible dans certaines régions du monde aurait été
de 6,9 g par 100 g ou moins d’huile sur des solides mouillés et le taux de 6,9 % a été établi comme étant
la limite autorisée de rejet pour l’huile synthétique dans les déblais (HSD). Cette limite de rejet peut être
modiﬁée dans des circonstances particulières où l’on fait face à des formations et des conditions de forage
QMVTEJċDJMFTPVTJMZBEFT[POFTEFSJTRVFTFOWJSPOOFNFOUBVYBDDSVT&O/PVWFMMF²DPTTF MBDJCMFEF 
% a été atteinte grâce à une combinaison de technologies de traitement et d’autres contrôles de gestion tels
que le transfert mer-terre.
t -BDPODFOUSBUJPO)4%EF OPUÏFEBOTMFT-JHOFTEJSFDUSJDFTSFMBUJWFTBVUSBJUFNFOUEFTEÏDIFUTEBOTMB
zone extracôtière (2002) était basée sur les résultats obtenus par l’USEPA dans le golfe du Mexique. Cette
limite de rétention dans les déblais a été établie par l’USEPA d’après une analyse statistique de données
provenant de 65 puits et représentant quatre technologies d’essorage de déblais (USEPA, 2000c). Dans
cette étude, l’USEPA a noté que les mesures de rétention dans les déblais en moyenne par puits provenant
du Canada étaient toutes plus élevées que celles trouvées dans le golfe du Mexique, présentant comme
argument que les données canadiennes ne faisaient pas partie de la même distribution de probabilité que
les données provenant du golfe du Mexique. L’USEPA a conclu qu’il n’y avait pas une distribution unique
pour la rétention dans les déblais, obtenue à partir d’une combinaison de technologies d’essorage de déblais,
pour plusieurs régions étant donné que ces technologies semblaient être physiquement et statistiquement
diﬀérentes (USEPA, 2000b). La diﬀérence au niveau de la rétention dans les déblais semble être liée à la
variation ou aux diﬀérences dans les formations géologiques (matériaux plus grossiers généralement associés
au golfe du Mexique); cela et les diﬀérences dans les garnitures de fond de puits font que la concentration
HSD dans les puits canadiens en mer est plus élevée.
t 1BSUPVUEBOTMFNPOEF MBNBKPSJUÏEFTSFTUSJDUJPOTGPOEÏFTTVSMBUFDIOPMPHJFFUSFMBUJWFTËMÏMJNJOBUJPOEFT
déblais imprégnés de boues synthétiques portent sur le taux de rétention des boues dans les déblais. Le
golfe du Mexique est soumis à d’autres mesures, dont l’essai de toxicité et la bioaccumulation. L’Australie a
ajouté une mesure stipulant la grosseur du puits dans lequel les boues synthétiques peuvent être déversées.
D’autres pays, dont la Norvège, ont imposé des programmes de surveillance de l’environnement comme
moyen de mesurer le rendement du traitement et d’autres pays n’ont aucune restriction concernant
l’élimination des boues synthétiques.
TECHNOLOGIES DE TRAITEMENT DES DÉBLAIS DE FORAGE
t -BGPODUJPOQSJODJQBMFEVOTZTUÒNFEFUSBJUFNFOUUZQFQPVSMFDPOUSÙMFEFTTPMJEFTFTUEÏMJNJOFSFċDBDFNFOU
les solides du ﬂot de traitement aﬁn d’optimiser la récupération et le recyclage des ﬂuides de forage qui
coûtent cher. L’optimisation du recyclage des ﬂuides de forage réduit également le volume total de ﬂuides
contenant des boues synthétiques à éliminer à la ﬁn des activités de forage.
t %BQSÒTMFTEÏmOJUJPOTÏUBCMJFTQBSM0(1 MBTTPDJBUJPOJOUFSOBUJPOBMFEFTQSPEVDUFVSTEFQÏUSPMFFUEFHB[ 
FO MFTTZTUÒNFTEFUSBJUFNFOUQSJNBJSFWJTFOUËÏMJNJOFSMFTTPMJEFTFUËSFDZDMFSMFTnVJEFTEFGPSBHF
ainsi qu’à satisfaire aux exigences en matière de conformité environnementale. Les systèmes de traitement
secondaire sont d’autres équipements qui peuvent être ajoutés pour augmenter la récupération des ﬂuides
de forage et aider à répondre aux exigences réglementaires strictes concernant le rejet de déblais en mer.
t -FTQSFNJFSTEJTQPTJUJGTEFDPOUSÙMFEFTTPMJEFT QFY UBNJTWJCSBOUT DFOUSJGVHFVTFT DPOUJOVFOUËÐUSFMFT
principaux éléments dans l’élimination des boues synthétiques dans les déblais. Malgré le perfectionnement
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t

t

t

t

des premiers systèmes de traitement, ces technologies demeurent relativement semblables aux conceptions
de 2002. Il n’y a pas un processus de traitement particulier qui peut être déﬁni pour toutes les principales
applications destinées au contrôle des solides. Les éléments des systèmes sont sélectionnés en nombre et en
type en fonction des exigences de forage propres au site et ils sont mis en réseau ou hors réseau durant les
activités de forage suivant les besoins.
-FT EFVY NÏUIPEFT EF USBJUFNFOU TFDPOEBJSF MFT QMVT DPVSBOUFT QPVS SÏEVJSF MB SÏUFOUJPO EF nVJEF EF
forage dans les déblais sont l’essorage des déblais et la désorption thermique. Bien que d’autres technologies
novatrices, comme le traitement par micro-ondes, aient été étudiées, elles ne sont pas disponibles à grande
échelle commerciale.
-B DPODFQUJPO EFT FTTPSFVST EF EÏCMBJT DPOTJTUF FO VO UBNJT Ë NBJMMFT TFSSÏFT NPOUÏ TVS VO QBOJFS
rotatif qui génère des forces centrifuges pour produire la séparation. La centrifugeuse peut être orientée
IPSJ[POUBMFNFOUPV WFSUJDBMFNFOU $BOOPO FU .BSUJO    -FTTPSFVS7FSUJ( EF .*48"$0 FTU
VO FYFNQMF Pá MB DFOUSJGVHFVTF FTU NPOUÏF WFSUJDBMFNFOU -F %VTUFS EF )VUDIJTPO)BZFT VUJMJTF VOF
conﬁguration de tamis horizontal.
%BOTMFQSPDFTTVTEFEÏTPSQUJPOUIFSNJRVF MFTEÏCMBJTTPOUDIBVĊÏTËMBUFNQÏSBUVSFEFEJTUJMMBUJPOEF
l’huile de base et cette température est maintenue jusqu’à l’évaporation totale de l’huile. Au début de sa
création, la désorption thermique exigeait de grandes installations côtières ﬁxes à cause de l’espace et
de l’énergie qu’il fallait. Un nettoyeur de déblais thermo-mécanique, aussi appelé système de broyage à
marteaux, a été utilisé avec succès aussi bien sur la côte qu’en mer. Les déblais réduits en poudre grâce à ce
processus ont habituellement une teneur en hydrocarbures de < 0,1 %.
0VUSFMFUSBJUFNFOUFUMÏMJNJOBUJPOFONFS EFTTPMVUJPOTEFSFDIBOHFQPVSMÏMJNJOBUJPOEFTEÏCMBJTEF
forage comprennent notamment la réinjection des déblais ou le transport des déblais vers la côte pour être
traités et/ou éliminés sur terre (c.-à-d. transfert mer-terre). Des progrès signiﬁcatifs ont été faits au cours
de la dernière décennie dans la réinjection des déblais. Le processus exige une conception très élaborée
et il est soumis à des contraintes de réservoir. Pour le transfert mer-terre, il y a une préoccupation clé au
niveau de la sécurité car il faut un grand nombre de grues de levage pour transférer les boîtes de déblais des
appareils de forage aux installations côtières. La manutention et le transport des déblais posent également
des problèmes logistiques en raison de la disponibilité limitée de l’espace d’entreposage sur les appareils de
forage en mer.

RENDEMENT DES TECHNOLOGIES
Le rendement du traitement des déblais de forage a été évalué en fonction des renseignements reçus de deux
grands exploitants sur la côte Est du Canada de 2002 à 2007.
t -FTSÏTVMUBUTEFMÏUVEFJOEJRVFOURVFCBTÏTVSMFOTFNCMFEFTQVJUT MFUBVYEF )4%FTUSBSFNFOU
atteint (dans les exemples de l’Est du Canada faisant partie de l’étude, 1 puits sur 15 a réalisé le taux de
6,9 % HSD entre 2002 et 2007). Il a été trouvé que le taux moyen de l’ensemble des puits était de 8,46 %
HSD.
t 2VBUSFDPOmHVSBUJPOTEÏRVJQFNFOUTPOUUPUBMJTÏMBQMVTHSBOEFRVBOUJUÏEFSFKFUEFEÏCMBJT%FDFTRVBUSF
conﬁgurations, le taux moyen était de 7,09 % à 9,55 % HSD.
t %VSBOUEFTQÏSJPEFTEFUSBJUFNFOUQBSUJDVMJÒSFT VOUBVYEF )4%BÏUÏBUUFJOU$FQFOEBOU MBNBTTF
traitée associée aux déblais rejetés (moins de 6,9 % HSD) a représenté moins de 10 % du total de masse
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traitée pour les 15 puits évalués.
t 6OFYQMPJUBOUNFOBOUEFTBDUJWJUÏTEFGPSBHFBVMBSHFEFMB/PVWFMMF²DPTTFBEÏDMBSÏRVFOJMBSÏVTTJ
ËBUUFJOESF )4%HSÉDFËMVUJMJTBUJPOEVOFTTPSFVS7FSUJ(BWFDMFUSBOTGFSUNFSUFSSFEVOFQBSUJF
des déchets de forage. Toutefois, les données fournies n’ont pas permis d’évaluer le rendement de l’essoreur
7FSUJ(VUJMJTÏUPVUTFVM
46*7*%&4&''&54463-&/7*30//&.&/5
t -FTFĊFUTFOWJSPOOFNFOUBVYEVSFKFUEFEÏCMBJTJNQSÏHOÏTEFCPVFTTZOUIÏUJRVFTTVSMFTDPNNVOBVUÏT
benthiques semblent être généralement limités à l’intérieur de 500 mètres du point de rejet. Cette aire peut
être étendue dans les zones de forage d’exploitation où le volume et la durée des rejets sont plus grands. Les
données obtenues des études de suivi des eﬀets sur l’environnement indiquent que les boues synthétiques
ne semblent pas avoir des eﬀets écotoxicologiques particuliers. En général, les boues synthétiques ne
contiennent pas d’hydrocarbures aromatiques polycycliques et à l’exception du baryum, les concentrations
de métaux se trouvent habituellement dans l’étendue des valeurs mesurées dans les sédiments marins non
contaminés.
t -FT CPVFT TZOUIÏUJRVFT OF EFWSBJFOU QBT QSPEVJSF VOF CJPBDDVNVMBUJPO TJHOJmDBUJWF FO SBJTPO EF MFVS
extrême solubilité dans l’eau et la faible biodisponibilité résultante. Leur tendance à se biodégrader réduit
encore plus la probabilité que les expositions soient assez longues pour causer un risque de bioaccumulation
signiﬁcative. Des déblais rejetés avec les ﬂuides à base synthétique ont entraîné une réduction des zones
EJNQBDUTVSMFGPOENBSJOFUMBDPNNVOBVUÏCJPMPHJRVFSÏDVQÒSFQMVTSBQJEFNFOU 0(1 
t 4VSMFTTJUFTPáEFTCPVFTTZOUIÏUJRVFTPOUÏUÏVUJMJTÏFT EFTÏUVEFTTVSMFUFSSBJONPOUSFOUHÏOÏSBMFNFOU
qu’il y a de fortes indications que la récupération se fait de un à cinq ans après la cessation des rejets.
En résumé, cette étude a conclu qu’essentiellement, les technologies disponibles pour le traitement des déblais de
forage n’ont pas évolué depuis 2002, hormis les progrès dans les technologies d’essorage des déblais et de désorption
thermique. Le rendement des systèmes de traitement en mer des déblais imprégnés de boues synthétiques entre 2002
et 2007 a rarement atteint la concentration HSD de 6,9 %, calculée par puits, d’après les renseignements examinés. Ce
résultat est conforme aux constatations en 2000 de l’USEPA qui a aussi examiné les données provenant du Canada.
Les eﬀets environnementaux du rejet de déblais imprégnés de boues synthétiques sur les communautés benthiques
semblent être généralement limités à l’intérieur de 500 mètres du point de rejet dans un forage exploratoire. Sur les
sites où des ﬂuides à base synthétique ont été utilisées, des études sur le terrain montrent généralement qu’il y a de
fortes indications que la récupération se fait quelques années plus tard.
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1.0 INTRODUCTION
1.1 GENERAL
In January 2008, the Environmental Studies Research Funds (ESRF) administrators asked Jacques Whitford Stantec
Limited ( Jacques Whitford) to prepare a technical report compiling information on technologies and performance
data relative to the treatment and disposal of synthetic based mud (SBM) drill cuttings generated from oﬀshore oil
and gas exploration and production activities.
Treatment of drill cuttings resulting from oﬀshore oil and gas exploration and production is a key issue for the
oﬀshore oil and gas industry, regulators and stakeholders. Drill cuttings are a large discharge into the marine
environment from oﬀshore oil and gas operations. As such, regulation of the discharges associated with drill cuttings
is a key concern in all jurisdictions that support oﬀshore oil and gas operations.
Over the past decade, a variety of technologies have been developed and enhanced for the treatment of drill cuttings.
This report provides an update of the status of these technologies and their ability to achieve results in reduction
of synthetic on cuttings and comply with regulatory requirements. The current version of the Oﬀshore Waste
5SFBUNFOU(VJEFMJOFT "VHVTU JTTVFECZUIF/BUJPOBM&OFSHZ#PBSE $BOBEB/FXGPVOEMBOE-BCSBEPS
and Canada Nova Scotia Oﬀshore Petroleum Boards set guidelines for the discharge of synthetic and other drill
mud types into Canada’s marine environment. This report has been prepared as a supplement to the updated
guidelines and contains information from recent operations on Canada’s East Coast, in the Gulf of Mexico and in
other regions around the world.

1.1.1 TECHNICAL ADVISORY GROUP
Technical support and input for this report was provided by an ESRF Technical Advisory Group, consisting of
representatives from industry and regulatory authorities. The Technical Advisory Panel provided input throughout
the drafting of the document, including regulatory considerations, industry statistics and equipment information.
The Technical Advisory Panel included representatives of the following:
t
t
t
t
t
t
t
t
t
t
t
t

$IFWSPO
4UBU0JM)ZESP$BOBEB
)VTLZ&OFSHZ
&YYPO.PCJM
1FUSP$BOBEB
&ODBOB
%FWPO
&OWJSPONFOU$BOBEB
'JTIFSJFTBOE0DFBOT$BOBEB
/BUJPOBM&OFSHZ#PBSE
$BOBEB/FXGPVOEMBOE0ĊTIPSF1FUSPMFVN#PBSE
$BOBEB/PWB4DPUJB0ĊTIPSF1FUSPMFVN#PBSE
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1.1.2 SUPPORTING CONTRIBUTORS
Jacques Whitford would like to acknowledge CSA International Inc. for its signiﬁcant assistance in the updating of
recent monitoring studies, drill mud characterization, updates of cuttings eﬄuent limits for the Gulf of Mexico, and
relevant information on controlling mud retention on cuttings. Jacques Whitford would also like to acknowledge
MI-SWACO for its support in providing technical information on performance data for technologies over the past
eight years.

1.2 OBJECTIVES AND SCOPE
The objectives of this study are to report on the current state of drill cuttings treatment technologies applicable to
oﬀshore drilling operations by conducting a literature review and consultations with industry (East Coast operators
and suppliers), and to provide updated information from 2000 to present on this subject, since publication of the
Oﬀshore Waste Treatment Guidelines in August 2002.
The scope of this study includes current global “state-of-the-art” technologies available for SBM associated drill
cuttings treatment for oﬀshore drilling operations and an assessment of their eﬀectiveness, beneﬁts and disadvantages.
The speciﬁc tasks carried out in this study were the following:
t 3FWJFXDVUUJOHTEJTDIBSHFSFMBUFENBUFSJBMUIBUXBTQSFQBSFEGPSUIF0ĊTIPSF8BTUF5SFBUNFOU
Guidelines Review;
t $POEVDUBSFWJFXUPJEFOUJGZSFTVMUTFYQFSJFODFXJUITZOUIFUJDCBTFENVE 4#. DVUUJOHTUSFBUNFOU
since 2000, as available;
t 4VNNBSJ[FUIFCFTUBWBJMBCMFUFDIOPMPHZDVSSFOUMZBOEQPUFOUJBMMZBWBJMBCMFJOUIFJNNFEJBUFMZ
foreseeable future;
t 4VNNBSJ[FPQFSBUPSFYQFSJFODFXJUI4#.DVUUJOHTUSFBUNFOUUFDIOPMPHZ TQFDJmDBMMZQFSGPSNBODFPG
cuttings treatment equipment currently used on facilities.
t 1SPWJEFJOGPSNBUJPOPOBOETVNNBSJ[FJOEVTUSZFYQFSJFODFXJUIOFXPSFNFSHJOHUFDIOPMPHJFTUIBU
operators have been investigating since 2000. This included summarizing actual treatment performance
achieved in terms of the percentage synthetic-on-cuttings (%SOC) of various East Coast operators, and
where information was available, of operators in other jurisdictions worldwide.
t $PNQJMFJOGPSNBUJPOPODIFNJDBMDIBSBDUFSJ[BUJPO JODMVEJOHQPUFOUJBMDPOUBNJOBOUT PGESJMMDVUUJOHT
discharge streams on a global basis, as available.
t *EFOUJGZUIFQPUFOUJBMGPSTFUUJOHQFSGPSNBODFUBSHFUTPUIFSUIBO40$T TVDIBTiUPUBMTZOUIFUJDCBTF
ﬂuid” load (discharged) on a well or hole section basis as a measure of environmental performance.
t 4VNNBSJ[FUIFSFHVMBUJPOTPSHVJEFMJOFTPGWBSJPVTKVSJTEJDUJPOTXPSMEXJEF UPUIFFYUFOUBWBJMBCMF 
as they relate to the discharge of cuttings (WBM and SBM), including regulations or guidelines that
address the discharge of particular constituents such as heavy metals and other contaminants; and
t 1SPWJEFBOPWFSBMMTVNNBSZPGUIFSFTVMUTPCUBJOFEGSPNSFDFOU$BOBEJBO &BTU$PBTU BOEPUIFSSFMFWBOU
oﬀshore oil and gas environmental eﬀects monitoring programs regarding the environmental eﬀects of
discharges of SBM in cuttings.
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It should be noted that the original scope of the study included the requirements (1) that the results and
operator experience using water based muds (WBMs) and their eﬀects as measured in environmental eﬀects
monitoring programs be reviewed, and (2) that an information summary be prepared of the environmental and
safety implications and statistics, respectively, of ship to shore operations and onshore disposal of cuttings being
carried out in other jurisdictions such as the North Sea. However, during the initial phases of the project, it was
determined there were no data available for either of these two topics, and after discussions with the Technical
Advisory Panel (TAP), these items were removed from the scope of the study.

1.3 STUDY APPROACH AND METHODS
This study was prepared following an extensive literature review that covered the published information on
technologies and the eﬀectiveness of equipment used to remove SBMs and WBMs on cuttings. It should be
recognized that because there are no regulatory discharge limits for WBMs on the East Coast of Canada, this study
focuses primarily on regulatory information and technologies associated with SBMs. A literature review was also the
primary means of compiling related information on the status of regulations in other jurisdictions, environmental
eﬀects monitoring, and other statistics used and compiled in this study. The key reports that provided important
information in support of this study are summarized in Section 5.1 and Section 7.0.
In addition to the literature review, interviews were conducted with numerous operators and manufacturers of SBM
cuttings treatment systems to document the state of current technologies and identify new/emerging treatment
systems.
With the support of the Technical Advisory Group, actual performance data were provided by two large drilling
operators that have been active on Canada’s East Coast for the past six years. These data were used extensively to
document the ability of various equipment conﬁgurations to carry out current treatment activities.
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2.0 DRILLING MUDS CHARACTERIZATION
Drilling muds are used for a number of purposes including the following (Neﬀ et al., 2000):
t
t
t

5SBOTQPSUJOHESJMMDVUUJOHTUPUIFTVSGBDF
#BMBODJOHUIFTVCTVSGBDFBOEGPSNBUJPOQSFTTVSFT TPUIBUUIFQSFTTVSFBUUIFESJMMCJUJTHSFBUFSUIBOUIF
pressure within the formation, to prevent a blowout; and
5PDPPMBOEMVCSJDBUFUIFESJMMCJUUPSFEVDFUIFGSJDUJPOCFUXFFOUIFESJMMQJQFBOEUIFXFMMCPSF

There are two general types of drilling muds used in the East Coast, water-based drilling muds (WBMs) and
non-aqueous drilling muds (NADMs). The drill mud percentages and constituents for both WBMs and NABMs
indicated below vary, depending on a number of variables (mud weight, formation being drilled, depth etc).
Consequently, some drill muds may not include some of the typical constituents indicated.
WBMs are made up of water mixed with bentonite clay and barite, to control mud density, as well as a number of
other substances to achieve desired drilling properties including thinners, ﬁltration control agents and lubrication
BHFOUT"UZQJDBM8#.JTNBEFVQPGUIFGPMMPXJOH 0(1 
t
t
t
t

TFBXBUFS
CBSJUF
CFOUPOJUF BOE
PUIFS

NABMs are emulsions of primarily non-aqueous material. The continuous phase is the non aqueous base ﬂuid
BOEUIFJOUFSOBMQIBTFXBUFSBOEWBSJPVTDIFNJDBMT 0(1 "TXJUI8#.T PUIFSTVCTUBODFTBSFBEEFEUP
NABMs to achieve desired drilling properties. For example, barite is added to achieve desired density; and proper
viscosity is achieved by altering the base ﬂuid to water ratio and using clay materials and emulsiﬁers to stabilize
the water in oil emulsions. The base ﬂuid also serves as a lubricating agent. The composition of a typical NABM
DPOTJTUTPGUIFGPMMPXJOH 0(1 
t
t
t
t
t

OPOBRVFPVTCBTFnVJE
CBSJUF
CSJOF
FNVMTJmFST BOE
PUIFS
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NABMs include oil-based muds (OBMs), enhanced mineral oil-based muds (EMOBMs) and synthetic-based muds
4#.T 0(1  BMTPEFmOFEUISFFHSPVQJOHTPG/"#.TCBTFEPOBSPNBUJDIZESPDBSCPODPODFOUSBUJPOT 
speciﬁcally:
t (SPVQ* IJHIBSPNBUJDDPOUFOU oTVDIBTEJFTFMPJMCBTFEBOEDPOWFOUJPOBMNJOFSBMPJMCBTFEnVJET
t (SPVQ** NFEJVNBSPNBUJDDPOUFOU oTVDIBTMPXUPYJDJUZNJOFSBMCBTFEnVJETBOE
t (SPVQ *** MPX UP OFHMJHJCMF BSPNBUJD DPOUFOU  o TVDI BT TZOUIFUJD IZESPDBSCPOT BOE IJHIMZ QSPDFTTFE
mineral oils.
SBMs have been developed in recent years to provide the oil and gas industry with an environmentally improved
alternative to OBMs. The distinguishing characteristic of SBMs is the use of a synthetic base ﬂuid (SBF) instead
of water or oil. Because SBMs have low toxicity and high biodegradability, cuttings generated with these muds have
been permitted for oﬀshore discharge in many jurisdictions, often subject to eﬄuent limits.

2.1 PHYSICAL
One of the primary purposes of drilling muds is to transport drill cuttings to the surface. Drill cuttings
are small pieces of rock produced by the grinding action of the drill as it penetrates the sub-surface. Drill
cuttings tend to have an angular shape and can range in size from clay-like particles to course gravel (Neﬀ
et al., 2000). The physical composition of the cuttings reﬂects the geological materials making up the
sub-surface that was penetrated, as well as other manufacturer-speciﬁc solid/chemical materials that had
originally made up the drilling mud.
2.2 CHEMICAL
The various types of SBMs have a wide range of chemical properties. An important feature of SBMs is
that they are prepared synthetically and, as such, are well characterized and free of substantial impurities.
SBMs are relatively simple in composition when compared with crude and reﬁned petroleum.
The base ﬂuid or continuous phase of an SBM is a water-insoluble synthetic organic chemical. The
SBM base chemical usually constitutes about 50% to 90% by volume of the ﬂuid portion of the SBM
and about 20% to 40% of the mass of the mud (Neﬀ et al., 2000). The major ingredients are similar for
all SBM systems. All SBM systems contain emulsiﬁers, wetting agents, thinners, weighting agents and
gelling agents. Relative proportions of the diﬀerent ingredients vary depending on the SBM type and the
chemistry, geology and depth of the formation being drilled.
In contrast to OBMs composed of diesel or mineral oils that are reﬁned from crude oil, SBMs are all
made from compounds that contain none of the toxic components found in reﬁned oils, such as aromatics
and cyclic structures.
The most common SBM types include esters, ethers (the most current version, a di-ether, is more
biodegradable than its mono-ether predecessor), iso-alkanes, poly-alpha-oleﬁns (PAOs), detergent
alkylate, linear alpha-oleﬁns (LAOs), isomerized oleﬁns (IOs), and dimethyl siloxane based oligomeric
siloxanes (Hart et al., 2007).
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2.3 CONTAMINANTS
SBM base ﬂuids typically contain very low concentrations (less than 0.001%) of polynuclear aromatic
hydrocarbons (PAHs), whereas OBMs using diesel or mineral oil typically contain 5% to 10% PAHs in
diesel oil and 0.35% PAH in mineral oil (OGP, 2003). The PAHs typically found in diesel and mineral
oils include the toxic priority pollutants ﬂuorene, naphthalene, and phenanthrene, and non conventional
pollutants such as alkylated benzenes and biphenyls (USEPA, 2000a). In the Gulf of Mexico, current
discharge permits (see Section 3) limit the PAH content of SBM base ﬂuids to 10 ppm. The permits
also prohibit discharge of formation oil (i.e. oil from the formation co-mingling in SBM returned to
surface), which is a contaminant of SBM and an “indicator” pollutant for toxic and priority pollutant
components such as benzene, toluene, ethylbenzene, naphthalene, phenanthrene and phenol. In Canada,
current discharge guidelines limit the PAH content of SBM base ﬂuids to 10 ppm.
Most metals are present in drilling muds and cuttings at concentrations similar to those in uncontaminated
marine sediments (Neﬀ et al., 2000). However, a few metals may be present in some drilling muds at
concentrations substantially higher (>100-fold) than natural concentrations in sediments; these include
barium, chromium, lead and zinc. Most of the chromium is associated with chrome and ferrochrome
lignosulfonates, used frequently in the past as a clay deﬂocculent in WBMs. The other metals in drilling
muds are associated with dispersed cuttings and the solid additives (barite and clays), not the continuous
phase (water, oil, or synthetic). Current discharge permits in the Gulf of Mexico limit the cadmium and
mercury content of stock barite used in both WBMs and SBMs.
Two of the monitoring programs reviewed in this study included measurements of metals and
hydrocarbons in sediments near drill sites, as summarized in Section 3 below.

3.0 REGULATORY STANDARDS AND GUIDELINES
3.1 CURRENT NATIONAL REGULATIONS AND GUIDELINES
The disposal of drill mud and cuttings in Eastern Canada is currently controlled under the Oﬀshore
Waste Treatment Guidelines, 2002. These guidelines describe the standards to be followed for the
disposal of wastes from petroleum drilling and production operations in Canada’s oﬀshore areas, and
the sampling and analysis procedures to be followed to comply with these standards. The guidelines
were jointly developed by the National Energy Board, the Canada-Newfoundland Oﬀshore Petroleum
Board, and the Canada- Nova Scotia Oﬀshore Petroleum Board (National Energy Board et al., 2002).
For the purposes of drill mud disposal, these guidelines are intended to minimize the amount of
hydrocarbons discharged into the marine environment, and to encourage the use of water based mud
(WBM) or synthetic-based mud (SBM). Currently, the use of oil-based mud (OBM) in Canada’s oﬀshore
areas is only granted approval by the Chief Conservation Oﬃcer when it is not technically feasible to use
WBM or SBM. This only occurs in exceptional circumstances, and at no time can OBM be discharged
to the sea. The Chief Conservation Oﬃcer may at times grant approval for the use of enhanced mineral
oil-based mud (EMOBM), provided that its environmental and safety performance has been proven to
be similar to that of SBM.
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However, it is not permitted to discharge whole SBM and EMOBM at sea. Instead, they must be
recovered and recycled, re-injected, or transferred to shore to be treated and disposed of using a method
approved by the Chief Conservation Oﬃcer (National Energy Board et al., 2002). It is permitted to
dispose of WBM in Canada’s oﬀshore production areas; however, operators are encouraged to have a
ﬂuids management plan to reduce the total amount discharged.
Drill cuttings associated with SBM and EMOBM are to be re-injected, and where this option may not
be technically feasible, the cuttings may be discharged to sea provided that they are treated ﬁrst with the
best available technology. When these guidelines were published, the best available treatment technology
in some regions of the world was believed to be 6.9 g/100 g or less of oil on wet solids (National Energy
Board et al., 2002), and 6.9% was set as the allowable discharge limit for synthetic oil on cuttings (SOC).
It is important to note that this discharge limit may be modiﬁed in individual circumstances where more
challenging formations and drilling conditions are experienced or areas of increased environmental risk
are identiﬁed (National Energy Board et al., 2002). In Nova Scotia, the 6.9% target has been reached
through a combination of treatment system technologies and other management controls, such as ship
to shore.
3.2 OTHER REGIONS AND JURISDICTIONS
Appendix A provides a general summary of regulations and guidelines pertaining to the disposal of drill
mud and cuttings for numerous oﬀshore petroleum production areas around the world. Most of the
information in Appendix A is current up to at least 2003 (OGP, 2003). It was not within the scope of
this study to verify the current regulatory status of each of these jurisdictions. However, for purposes of
reference and context, six of the key areas, including the United States, the North Sea, Australia, Norway
and Brazil, have been updated and described in greater detail in the following subsections.
3.2.1 UNITED STATES

Jurisdiction over oﬀshore regions in the United States is governed by a number of acts and dependent,
for the most part, on distance from shore. The Submerged Land Act (SLA), passed in 1953, granted
individual states jurisdiction over any natural resources within 5.6 kilometres (3.45 miles) oﬀ the
coastline. In 1953, the Outer Continental Shelf Lands Act (OCSLA) was passed. This act deﬁned the
outer continental shelf as separate geographic regions that extended beyond state jurisdiction and fell
under federal responsibility (Energy Information Administration, 2005).
In 1983, international boundaries were declared under the U.S. Exclusive Economic Zone (EEZ). The
international boundaries gave the United States jurisdiction over all waters extending 370 km (230 miles)
from the U.S. coastline. In 1994, all counties were granted the same jurisdiction, under the International
Law of the Sea. The United States and the Gulf of Mexico have also signed two treaties since 1978 to
assign jurisdiction over overlapping oﬀshore areas (Energy Information Administration, 2005).
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All regulations pertaining to environmental issues associated with oﬀshore oil production in the U.S. are
administered by the following federal agencies (Energy and Information Administration, 2005):
t %FQBSUNFOUPGUIF*OUFSJPS %0*
t 6OJUFE4UBUFT&OWJSPONFOUBM1SPUFDUJPO"HFODZ 64&1"
t %FQBSUNFOU PG $PNNFSDFT /BUJPOBM 0DFBOJD BOE "UNPTQIFSJD "ENJOJTUSBUJPO /0"" 
and
t 64'JTIBOE8JMEMJGF4FSWJDF '84
Regulations pertaining to the disposal of WBM, SBM and OBM and drill cuttings are, for the most part,
administered by the USEPA. The regulations diﬀer slightly, depending on the jurisdiction. In general,
the disposal of OBM and EMOBM and associated cuttings are prohibited in all jurisdictions in the U.S.
The discharge of WBM and cuttings in oﬀshore waters is permitted given the following:
t
t
t
t
t

.PSFUIBOLN NJMFT GSPNTIPSF EPFTOPUBQQMZJO"MBTLBODPBTUBMXBUFST
5PYJDJUZMJNJUPG-$GPSTVTQFOEFEQBSUJDVMBUFQIBTFHSFBUFSUIBO NHLH
NHLHMJNJUGPSNFSDVSZBOENHLHMJNJUGPSDBENJVNJOCBSJUF
/PGSFFPJMPSEJFTFMPJM BOE
%JTDIBSHFSBUFMFTTUIBO CCMIS

The regulations pertaining to the discharge of SBM and cuttings diﬀer, depending on the area. In the
Gulf of Mexico, the discharge of SBM is permitted subject to limits relative to distance from shore, mud
retention on cuttings, toxicity, mercury and cadmium in barite, and the presence of free and diesel oil.
Details are provided in Appendix A. In California, discharges of SBM and cuttings are not permitted.
Discharges are permitted in Alaska waters subject to the same limits as the western Gulf of Mexico,
except for the coastal Cook Inlet. Further details are provided below for the Gulf of Mexico.
3.2.1.1 GULF OF MEXICO

Disposal of drill mud and cuttings in the Gulf of Mexico is regulated by the USEPA through permits
issued under the National Pollutant Discharge Elimination System (NPDES) (CSA International Inc.,
2008). For regulation purposes, the Outer Continental Shelf of the Gulf of Mexico is divided into two
regions. These regions, and associated permits, consist of the following:
t 3FHJPO  o *ODMVEFT UIF XFTUFSO (VMG BOE NPTU PG UIF DFOUSBM (VMG BOE JT SFHVMBUFE VOEFS
NPDES permit GMG290000.
t 3FHJPO  o *ODMVEFT UIF FBTUFSO (VMG BOE QBSUT PG UIF DFOUSBM (VMG BOE JT SFHVMBUFE VOEFS
NPDES permit GMG460000.
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The limitations on the disposal of drill mud and cuttings speciﬁed in the two permits are essentially
identical. WBM and associated cuttings may be discharged, subject to limits on free oil, cadmium and
mercury in stock barite, toxicity of the suspended particulate phase, and drilling mud discharge rate. The
eastern Gulf permit also prohibits discharges within 1,000 metres of Areas of Biological Concern and
ocean disposal sites. The central and western Gulf permit prohibits discharges within Areas of Biological
Concern and controls the drilling mud discharge rate within 544 metres of these areas.
SBMs may not be discharged, except for small amounts adhering to cuttings and certain small volume
discharges. SBM cuttings discharges are allowed, subject to several limitations. They must meet the
same limits as WBMs and cuttings for free oil, cadmium and mercury in stock barite, and toxicity of
the suspended particulate phase. The stock ﬂuid must meet limits for polynuclear aromatic hydrocarbon
(PAH) content, sediment toxicity, and biodegradation rate. In addition, the discharged material is subject
to limits on sediment toxicity, base ﬂuid retention on cuttings (6.9% for internal oleﬁns and 9.4% for
esters), and formation oil.
OBMs, inverse emulsion muds, oil contaminated muds, and muds to which any diesel oil has been
added cannot be discharged. Mineral oil may be used only as a carrier ﬂuid (transporter ﬂuid), lubricity
additive, or pill in water based drilling muds and may be discharged with those drilling muds, provided
the discharge continues to meet the no free oil and toxicity limits, and the pill is removed prior to
discharge.
The permit for Region 4 is scheduled to expire at the end of December in 2009 and for Region 6 in
September of 2012. Currently, the regulations pertaining to the disposal of drill muds and cuttings are
not expected to change when these permits are renewed.
Eﬄuent limits for drilling muds and cuttings discharges on the U.S. Gulf of Mexico Outer Continental
Shelf based on USEPA permits GMG290000 (central and western Gulf of Mexico) and GMG460000
(eastern Gulf of Mexico) are presented in Table 3.1.
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TABLE 3.1 DRILL MUD AND CUTTINGS EFFLUENT DISCHARGE LIMITS
ON THE U.S. GULF OF MEXICO OUTER CONTINENTAL SHELF
Regulated Parameter

Discharge Limitation/Provision

Water-based Drilling Muds and Cuttings
Drilling mud toxicity

30,000 ppm (daily minimum and a monthly average minimum)
(96 h LC50 of suspended particulate phase with Mysidopsis bahia)

Cadmium in stock barite

3.0 mg/kg (dry wt)

Mercury in stock barite

1.0 mg/kg (dry wt)

Free oil

No discharge (static sheen test)

Discharge rate

1,000 bbl/h maximum (does not apply to drilling muds discharged prior to
installation of the marine riser)

Discharges near Areas
of Biological Concern

Eastern Gulf of Mexico: No discharge of drilling muds and cuttings from
facilities within 1,000 m of an Area of Biological Concern
Central and Western Gulf of Mexico: No discharge of drilling muds within
Areas of Biological Concern. Drilling mud discharge rate within 544 m of
Areas of Biological Concern is limited based on distance and mud toxicity.

Discharges near ocean
disposal sites

Eastern Gulf of Mexico: No discharge within 1,000 m of a Federally Designated Dredged Material Ocean Disposal Site

Synthetic-based Muds (SBMs)
Discharges

No discharge, except that which adheres to cuttings, small volume
discharges, and de minimus discharges. Small volume discharges include
displaced interfaces, accumulated solids in sand traps, pit clean-out solids,
and centrifuge discharges made while changing mud weight. Allowable de
minimis discharges include wind blown muds from the pipe rack and minor
drips and splatters around mud handling and solids control equipment

SBM Cuttings
Drilling mud toxicity

30,000 ppm (daily minimum and a monthly average minimum)
(96 h LC 50 of suspended particulate phase using Mysidopsis bahia)

Cadmium in stock barite

3.0 mg/kg (dry wt)

Mercury in stock barite

1.0 mg/kg (dry wt)

Free oil

No discharge (static sheen test)

Formation oil

No discharge

Polynuclear aromatic hydrocarbon (PAH) content
of stock ﬂuid

10 ppm PAH (as phenanthrene) in base ﬂuid

Sediment toxicity of stock
ﬂuid

10-day LC50 from sediment toxicity test of the base ﬂuid with Leptocheirus
plumulosus must not be less than the 10-day LC50 of the internal oleﬁn or
ester reference ﬂuid.

Biodegradation rate of
stock ﬂuid

Cumulative gas production of stock base ﬂuid at 275 days must not be higher
than that of the internal oleﬁn or ester reference ﬂuid.

Base ﬂuid retention
on cuttings: C16-C18
internal oleﬁn

6.9 g/100 g of wet drill cuttings
(end-of-well maximum weighted mass ratio averaged over all well sections)

Base ﬂuid retention on
cuttings: C12-C14 ester
or C8 ester

9.4 g/100 g of wet drill cuttings
(end-of-well maximum weighted mass ratio averaged over all well sections)
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Regulated Parameter

Discharge Limitation/Provision

SBM Cuttings
Sediment toxicity ratio of
discharged drilling muds

4-day LC50 of sample removed from solids control equipment must not be
less than that of the internal oleﬁn or ester reference drilling mud

Other Non-aqueous Drilling Muds
Oil-based drilling muds

No discharge of drilling muds or associated cuttings

Oil-contaminated drilling
muds

No discharge of drilling muds or associated cuttings

Drilling muds to which
No discharge of drilling muds or associated cuttings
diesel oil has been added
Mineral oil

Mineral oil may be used only as a carrier ﬂuid, lubricity additive, or pill.
Discharge allowed if it meets the limitations for toxicity and free oil

3.2.2 RATIONALE FOR GULF OF MEXICO LIMITATIONS
The development document prepared by USEPA (2000a) for the SBM eﬄuent guidelines provides the rationale
for these requirements. The overall strategy was to use stock limitations and discharge limitations in a two part
approach to control these discharges. The objective in the ﬁrst part is to control which SBMs are allowed for
discharge through the use of stock limitations (e.g., sediment toxicity, biodegradation, PAH content, metals
content) and discharge limitations (e.g., free oil prohibition, formation oil prohibition, sediment toxicity, aqueous
toxicity). The objective in the second part is to control the quantity of SBM discharged with SBM cuttings. Key
aspects of the SBM cuttings limitations are discussed brieﬂy below.
FORMATION OIL
Permits issued by the USEPA prohibit discharge of formation oil. Formation oil is a contaminant returned to
the surface in the drill cuttings from the geological formation. Formation oil is an “indicator” pollutant for toxic
and priority pollutant components such as aromatic hydrocarbons and PAHs. These pollutants include benzene,
toluene, ethylbenzene, naphthalene, phenanthrene and phenol. Monitoring for formation oil in the drilling muds is
required once prior to drilling (or by certiﬁcation from the supplier) and once per week during drilling.
PAH CONTENT
The PAH content of base ﬂuids is regulated because PAHs consist of toxic priority pollutants. The limit (10
ppm) helps discriminate between acceptable and non-acceptable base ﬂuids. SBM base ﬂuids typically do not
contain PAHs, whereas oil based muds comprising diesel or mineral oil typically contain 5% to 10% PAH in
EJFTFMPJMBOE1")JONJOFSBMPJMɩF1")TUZQJDBMMZGPVOEJOEJFTFMBOENJOFSBMPJMTJODMVEFUIFUPYJD
priority pollutants ﬂuorene, naphthalene and phenanthrene, and non conventional pollutants such as alkylated
benzenes and biphenyls (USEPA, 2000a).
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SEDIMENT TOXICITY
For both WBMs and SBMs, 96 hour suspended particulate phase bioassays are required with the mysid shrimp,
Mysidopsis bahia. In addition, for SBMs, sediment toxicity tests are required with the amphipod Leptocheirus
plumulosus. Sediment toxicity tests were added because the suspended particulate phase bioassay is highly
variable when applied to SBMs and does not seem to give meaningful results (USEPA, 2000b).
For the stock ﬂuid, a 10 day sediment toxicity test is conducted, and the LC50 must not exceed the value obtained
with an internal oleﬁn or ester reference ﬂuid. This test is done at least once per year on each ﬂuid blend. For
drilling mud samples, which are tested once per month per well, a 4 day sediment toxicity test is conducted, and
again the LC50 must not exceed that of the reference ﬂuid.
BIODEGRADATION RATE
A measure of biodegradation rate was included because organic enrichment is a dominant impact of SBM
cuttings discharges and biodegradability is an important factor in assessing their fate and eﬀects (USEPA, 2000a).
The USEPA speciﬁes a test method for evaluating the anaerobic biodegradability of the stock ﬂuid by measuring
biogas production over a period of 275 days. The cumulative gas production of the stock ﬂuid must not be higher
than that of an internal oleﬁn or ester reference ﬂuid (IBID).
RETENTION ON CUTTINGS
The limits for drilling mud retention on cuttings are 6.9% for internal oleﬁns and 9.4% for esters. These are
averages over all SBM well sections. Operators are required to monitor %SOC, or sometimes referred to as
retention on cuttings (ROC), by taking grab samples at the solids control equipment once per day, or one sample
for every 500 feet drilled (up to three per day). When seaﬂoor discharges are made during dual gradient drilling,
ROC cannot be monitored and the USEPA speciﬁes default values of 14% of base ﬂuid retained on cuttings and
15% as the mass fraction of cuttings discharged at the seaﬂoor. The default values are to be averaged with results
from daily monitoring to determine compliance.
The ROC limits were developed by the USEPA based on a statistical analysis of data from 65 wells and
representing four cuttings dryer technologies (vertical and horizontal centrifuges, squeeze presses and High-G
linear shakers) (USEPA, 2000c). The upper 95th percentile of the ROC data was used to set the ROC limits.
The numeric limit was calculated to manage two treatment conditions, one was based on 97% of the cuttings
WPMVNFEJTDIBSHFEGSPNUIFDVUUJOHTESZFSUFDIOPMPHZBOEPGUIFDVUUJOHTWPMVNFEJTDIBSHFEGSPNUIFmOFT
removal technology (such as centrifuges). The second condition was based on 100% of material processed using
a single-type cuttings dryer technology (USEPA, 2000b). The USEPA also noted that the well average retention
on cuttings measurements from Canada were all higher than those found in the Gulf of Mexico, arguing that
the Canadian data does not belong to the same probability distribution as that associated with the data from the
Gulf of Mexico. USEPA concluded that because these technologies appear physically and statistically diﬀerent, a
single distribution for retention on cuttings from any combination of cuttings dryer technologies does not exist for
multiple regions (USEPA 2000b). The diﬀerence in ROC appears to be associated with variation/diﬀerences in
geological formations (coarser materials generally associated with the Gulf of Mexico), and diﬀerences in the well
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bottom hole assemblies, all resulting in higher %SOC in the Canadian oﬀshore wells. One operator reported that
drilling operations conducted in the Nova Scotia oﬀshore in 2002 were able to achieve the 6.9%SOC through
VTFPGB7FSUJ(DVUUJOHTESZFS DPNCJOFEXJUITIJQUPTIPSFUSBOTQPSUPGTPNFESJMMJOHXBTUFT)PXFWFS UIF
QSPWJEFEEBUBDPVMEOPUCFVTFEUPBTTFTTUIF7FSUJ(DVUUJOHTESZFSTUBOEBMPOFQFSGPSNBODF
The USEPA provide a more ﬂexible regulatory framework in the Gulf for cuttings than those currently in place in
some Canadian jurisdictions. Key diﬀerences are summarized as follows:
t

t

#FTU.BOBHFNFOU1SBDUJDFT #.1 "MUFSOBUJWFɩFQFSNJUTBMMPXPQFSBUPST JODPOKVODUJPOXJUI
drilling contractors) to design and implement a BMP Plan to help reduce ROC monitoring. The ROC
limits are not changed, but the operator is only required to monitor the ﬁrst third of the SBM well
interval if the permit’s ROC limits are met. Essentially, once operators demonstrate compliance with the
performance-based measurement, operators continue to use BMPs and may discontinue SBM cuttings
monitoring ( Johnston et al., 2004).
$BOBEBNFBTVSFT30$DVUUJOHTDPNQMJBODFCBTFEPOEBUBFWBMVBUFEPOBIPVSSPMMJOHBWFSBHF
(described below); conversely, USEPA permits specify cuttings discharge data evaluation intervals (e.g.,
sampling every 500 metres drilled, one sample per day, etc). However, operators report end-of-well
maximum weighted mass ratio averaged over all well sections. For the Gulf of Mexico, in instances where
well interval sections exceed 6.9% SOC, the operators will sometimes use ship-to-shore to dispose of
ﬁnes developed from the well bottom. Thus, when calculating the overall end-of-well %SOC, the 0%
SOC mass is permitted in the gross calculation, which eﬀectively reduces the overall %SOC reported.

According to USEPA (2000a), limiting the SBM content of discharged cuttings was intended to control: (1) the
BNPVOUPG4#.EJTDIBSHFEJOUPUIFPDFBO  UIFCJPEFHSBEBUJPOSBUFFĊFDUTPGEJTDIBSHFE4#.BOE  UIF
potential for SBM cuttings to develop cuttings piles and mats.
3.2.3 NORWAY
Oil exploration in Norway occurs primarily along the Norwegian Continental Shelf. This includes the areas
where Norway exercises rights for economic development under the United Nations Convention on the Law of
the Sea and includes the North Sea, the Norwegian Sea and a portion of the Barents Sea. The key legislation
that pertains to the disposal of drill muds and cuttings in Norway includes the following (Oil and Gas UK
Environmental Legislation, 2008):
t
t
t
t
t
t

0ĊTIPSF$IFNJDBM3FHVMBUJPOT 
0ĊTIPSF1FUSPMFVN"DUJWJUJFT3FHVMBUJPOT 
'PPEBOE&OWJSPONFOU1SPUFDUJPO"DU 
$POWFOUJPOPOUIF1SPUFDUJPOPGUIF.BSJOF&OWJSPONFOUPGUIF/PSUI&BTU"UMBOUJD 041"3 BOE
041"3%FDJTJPOPOUIF6TFPG0SHBOJD1IBTF%SJMMJOH'MVJET 01' BOEUIF%JTDIBSHFPG 
OPF-Contaminated Cuttings.
*O/PSXBZUIFBCPWFMFHJTMBUJPOQFSUBJOJOHUPUIFEJTQPTBMPGESJMMJOHNVETBOEDVUUJOHTJTSFHVMBUFECZ
the Norwegian State Pollution Control Authority (SFT) through the use of discharge permits (Wills,
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t

t

t

J., 2000). In general, the following limitations apply to the disposal of drilling muds and cuttings along
the Norwegian Continental Shelf (including the North Sea and the Norwegian Sea):
"UQSFTFOU JUJTMFHBMUPEJTDIBSHF8#.DVUUJOHTJOUIFPĊTIPSFXBUFSTPGUIF041"3TJHOBUPSZ
countries, provided the oil content is less than 1% by weight and the material has passed tests to show
that it will bio-degrade over a speciﬁed time and will not bioaccumulate (See further details below for
“North Sea”). However, the UK 2005 Oﬀshore Petroleum Activities (Oil Pollution Prevention and
Control) Regulations introduced a permit issuing system for the discharge of WBM cuttings
contaminated with reservoir crude with no threshold concentrations for oil retention. OBMs are
not permitted to be discharged and instead are re-injected or taken to shore for disposal.
4#.TBSFFWBMVBUFEJOBTJNJMBSXBZBTXBUFSCBTFENVETBOEHSBOUFEBQFSNJUGPSEJTQPTBMEFQFOEFOU
on the results; however the discharge of SBM north of the 62nd parallel (north of the North Sea) is
not permitted (Will J., 2000).
ɩFEJTQPTBMPGESJMMDVUUJOHT JODMVEJOHDVUUJOHTDPOUBNJOBUFEXJUIFJUIFS8#. 0#.PS4#. JT
granted a discharge permit if they contain less than 1% oil on cuttings (Will, J., 2000).

The above limitations do not apply to the Norwegian section of the Barents Sea, where instead they have adopted
a zero discharge policy (Dahle S., Camus L., 2007).
3.2.4 NORTH SEA
The Oﬀshore Chemical Notiﬁcation Scheme (OCNS) manages chemical use and discharge by the UK and
/FUIFSMBOETPĊTIPSFQFUSPMFVNJOEVTUSJFTɩF0$/4XBTPSJHJOBMMZJOUSPEVDFECZUIF6,JO*O 
the UK Government introduced a revised scheme, which classiﬁed chemicals using test protocols approved by
the Oslo and Paris Commissions (OSPAR). This was modiﬁed in detail in early 1996 to meet the requirements
of the OSPAR Harmonised Oﬀshore Chemical Notiﬁcation Format (HOCNF), which co-ordinates the testing
requirements for oilﬁeld chemicals throughout the NE Atlantic sector.
The OCNS uses the OSPAR Harmonized Mandatory Control Scheme (HMCS), developed through the
OSPAR Decision 2000/2, on a system for the use and discharge of oﬀshore chemicals (as amended by OSPAR
Decision 2005/1) and its supporting recommendations. This ranks chemical products according to Hazard
Quotient (HQ), calculated using the CHARM (Chemical Hazard and Risk Management) model.
The main driver for reductions in oily discharges into the North Sea is the OSPAR Convention. The OSPAR
Convention serves as the basis for national laws governing discharge of drilling wastes in oﬀshore waters of the
oil producing coastal states of Western Europe (Wills, J., 2000). As stated above, the discharge of WBM into
the North Sea is permitted given that the oil content is less than 1% by weight and that it has passed toxicity
UFTUJOHɩF041"3%FDJTJPO  WJSUVBMMZFMJNJOBUFEUIFEJTDIBSHFPG0#.BOE4#.PSDVUUJOHT
contaminated with these muds. Cut-oﬀ values for the selection criteria of the OSPAR dynamic selection and
prioritization mechanism for hazardous substances (OSPAR Commission, 2002: Dynamic Selection and
1SJPSJUJTBUJPO.FDIBOJTNGPS)B[BSEPVT4VCTUBODFToOFX%:/".&$NBOVBM BSFBTGPMMPXT
The intrinsic properties of individual substances, speciﬁcally whether they are persistent (P), toxic (T) or liable
to bioaccumulate (B), determine whether they fall within the deﬁnition of hazardous substances given in the
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OSPAR Strategy with regard to Hazardous Substances. These three intrinsic properties (PTB criteria) have been
used, along with cut-oﬀ values for each, as the criteria for selecting substances in the Initial Selection Procedure of
the Dynamic Selection and Prioritization Mechanism. The criteria are also used for selection of new substances,
as well as for deselecting substances. The cut-oﬀ values for each of these criteria are as follows:
t
t
t

1FSTJTUFODZ 1 )BMGMJGF 5 PGEBZT
-JBCJMJUZUP#JPBDDVNVMBUF # MPHPDUBOPMXBUFSQBSUJUJPODPFĊFDUJWF ,PX PSCJPDPODFOUSBUJPO
GBDUPS #$' 
5PYJDJUZ 5 BDVUF- & $NHM MPOHUFSN/0&$NHM

This selection is a combination of the least stringent criteria considered during the development of the Initial
Selection Procedure. For aquatic toxicity, mammalinan toxicity is added as well as the criteria for the aquatic
environment. For bio accumulation, the selected cut-oﬀ value is the same as that proposed for international
classiﬁcation and labelling. The process for and the results of the OECD Global Harmonisation of Classiﬁcation
Criteria can be found on the Internet at http://www.oecd.org/ehs/Class/HCL6.htm.
3.2.5 AUSTRALIA
Legislation pertaining to the discharge of drilling waste in Australia is regulated by the Department of Industry
and Resources (DoIR). All drilling proposals where the use of drilling mud is required are to include an
Environmental Management Plan (EMP). The assessment approach of the EMP takes into account the technical
rationale for the proposed mud and its environmental performance (includes toxicity, bioaccumulation and
biodegradation), the environmental sensitivities of the drilling location and the method for disposal (Environment
Division, 2006).
The use of OBM with aromatics greater than 1% in Australia is not permitted because of the potential for
environmental eﬀects. Disposal of OBM (aromatics < 1%) on cuttings is limited to 1% retention on cuttings.
Where the use of SBM is accepted, discharges to the seabed are limited to a maximum amount of 10% by dry
XFJHIUPGCBTFnVJEPOESJMMFEDVUUJOHTGPSBNN JODI IPMFTJ[F*UTIPVMECFOPUFEUIBUBESZ
weight ROC will equate to a lower value wet % and could be as low as 6.9 %, depending on the oil-water ratio of
the drilling ﬂuid.
Currently in Western Australia, over 80% of all wells are drilled using WBMs in all hole sections. The remaining
XFMMTBSFESJMMFEVTJOH8#.GPSUIFUPQIPMFTFDUJPOTBOEOPO8#.TJOUIFNN JODI BOEPS
216 mm (8 1/2 inch) bottom hole sections. The use of low toxicity OBMs in the bottom hole sections has been
reduced from 10% of all wells drilled in 1994 to 0% (as of mid-1998). The use of SBMs has remained essentially
the same over the same period with increasing proportion of ester based ﬂuids (EBFs). Since the late 1980s, there
has been a trend towards the increased use of more technically advanced WBMs.
Operators have discharged cuttings generated using SBMs containing esters, internal oleﬁns (IOs), ester/IO
blends, and ester/IO/ linear alpha oleﬁn (LAO) blends. Requirements for monitoring programs are determined
PODBTFCZDBTFCBTJT1BSBċOCBTFEnVJEDVUUJOHTIBWFBMTPCFFOEJTDIBSHFEJO8FTUFSO"VTUSBMJB
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3.2.6 BRAZIL
For the most part, the discharge of drill muds and cuttings in Brazil is regulated through the Brazilian Institute
of Environment and Renewable Natural Resources (IBAMA). All drilling discharge plans need to be approved
through IBAMA; IBAMA has made it clear that there will be greater scrutiny of non-aqueous ﬂuid discharges
(than those of water based ﬂuids), while OBM is not permitted for discharge. It is also unlikely that low toxicity
mineral oils would be approved; however, enhanced mineral oil based ﬂuids are possible.
An industry work group formulated the following guidelines for discharge approval (laboratory testing protocolsbiodegradability, sediment toxicity and bioaccumulation) and worked with government to develop a framework
for gaining approval for the use of synthetics.
t
t

t
t
t
t
t
t

;FSPEJTDIBSHFJONXBUFSEFQUIBOEFOWJSPONFOUBMMZTFOTJUJWFBSFBT
/POBRVFPVTESJMMJOHnVJE 4#. DVUUJOHTQFSNJUUFEGPSEJTDIBSHFJOUPXBUFSEFQUITNTVCKFDU
to pre and post drill toxicity tests on organisms from four diﬀerent phyla and lab tests of SBM for
CJPEFHSBEBUJPO 0&$%NFUIPE UPUBM1")DPODFOUSBUJPOBOECJPBDDVNVMBUJPOQPUFOUJBM MPH
Pow);
"WFSBHF30$GPSFTUFS BWFSBHF30$GPSQBSBċOPMFmO
NHLHNFSDVSZBOENHLHDBENJVNJOCBSJUF
GPSNBUJPOPJM
.POJUPSJOHSFRVJSFNFOUTUIBUWBSZCZEFQUI
 NOPNPOJUPSJOHSFRVJSFE
o NDPNQSFIFOTJWFXBUFSDPMVNOBOETFBCFENPOJUPSJOH

3.3 MEASURING SBM AND CUTTINGS COMPLIANCE
4#.TXFSFmSTUVTFEJOUIF(VMGPG.FYJDPJO+VOF 64&1" B *O 64&1"QVCMJTIFEFČVFOU
guidelines for drilling muds and cuttings that included mercury and cadmium limitations on the stock barite, a
diesel oil discharge prohibition, a toxicity limitation on the suspended particulate phase (SPP) generated when the
drilling muds or cuttings are mixed in seawater, and no discharge of free oil as determined by the static sheen test.
At the time, the USEPA allowed discharges of SBM cuttings in the western and central Gulf of Mexico without
any special conditions. The USEPA believed that all drilling muds, including SBMs, could be controlled by the
SPP toxicity and static sheen tests (USEPA, 2000a).
Subsequent research in the U.S indicated that regulations were needed for SBM cuttings because of diﬀerences
in the fate and eﬀects of these cuttings (USEPA, 2000a). Problems included the following: (1) the SPP toxicity
test may not accurately represent the toxicity of SBMs because they adhere more tightly to cuttings; (2) SBM
DVUUJOHTIBWFUIFQPUFOUJBMUPDSFBUFBOPYJBBTUIFCBTFnVJEEFDPNQPTFTJOTFBnPPSTFEJNFOUTBOE  UIFSFXFSF
problems in interpreting the static sheen test as it applies to SBMs.
&ČVFOUMJNJUTJOUIF64XFSFEFWFMPQFEGPS4#.DVUUJOHTJOo 64&1" B BOEXFSF
incorporated as modiﬁcations to the existing National Pollutant Discharge Elimination System (NPDES) permit
for the western and central Gulf of Mexico in 2001 (eﬀective February 2002). No changes were made at that time
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to the existing eastern Gulf of Mexico general permit, which did not allow SBM cuttings discharges (as a result
of stricter requirements prohibiting discharges within 1,000 metres of areas of biological concern such as the
extensive sponge/coral “live bottom” areas that occur on the west Florida shelf ).
The current general permits in the U.S. incorporating the SBM eﬄuent limits were issued in 2004 (eastern Gulf )
and 2007 (western and central Gulf ).
Two other USEPA regions currently issue or review permits for drilling discharges: Region 9 for oﬀshore
California and Region 10 for oﬀshore Alaska and Cook Inlet, Alaska. Permits in Regions 9 and 10 have never
allowed the discharge of SBMs. Any discharge of SBMs would require an individual permit or a modiﬁcation of
the general permits.
"TEJTDVTTFEJO4FDUJPO EJTDIBSHFHVJEFMJOFTGPS4#.ESJMMDVUUJOHTJO&BTUFSO$BOBEBBSFCBTFEPOCFTU
BWBJMBCMFUFDIOPMPHZɩJTHVJEFMJOFFWPMWFEGSPNUIF(VMGPG.FYJDPHVJEFMJOFT BTEJTDVTTFEJO4FDUJPO
However additional limitations pertaining to the Gulf of Mexico include limitations on discharge distance from
shore, toxicity, mercury and cadmium in barite, and the presence of free and diesel oil. It is important to note
that base ﬂuid retention on cuttings limitations are applicable to the end-of-well maximum weighted mass ratio
averaged over all SBM well sections.
In Canadian oﬀshore waters, the concentration of oil on drill solids is measured every 12 hours using the
Procedure for Field Testing of Oil Based Drilling Muds and a 48-hour rolling average in grams per 100 grams
of wet solids is calculated. According to personal communications with CNSOPB, there have been no reported
exceedances of the OWTG Guidelines pertaining to discharge of mud and cuttings since they came into eﬀect in
Sept. 2002 (Pers.Comm. C NSOPB).
The Oﬀshore Waste Treatment Guideline speciﬁes a schedule for toxicity testing for all generic muds (both
WBM and SBM), mostly for monitoring purposes. The Oﬀshore Waste Treatment Guidelines also specify
toxicity testing for the following (National Energy Board et al., 2002):
t

t

8IFOBQQMZJOHGPSBVUIPSJUZUPESJMMBXFMM FBDIPQFSBUPSNVTUJEFOUJGZQPUFOUJBMESJMMJOHNVETUPCF 
used in each section of the well and provide toxicity results, using Environment Canada’s test method
EPS 1/RM/26 (Biological Test Method, Acute Test for Sediment Toxicity using Marine
Amphipods); and
ɩFCBTFnVJEPGUIFQSPQPTFEESJMMJOHNVENVTUCFQSPWFOOPOUPYJDVTJOHUIF-BCPSBUPSZ1SPDFEVSF 
for Determining the Acute Lethality of the Water Soluble Fraction of Mineral Oil to Rainbow Trout.

ɩF(VMGPG.FYJDPUPYJDJUZMJNJUBUJPOTVTFTFEJNFOUUPYJDJUZUFTUT %PSOFUBM  *O UIF64&1"
issued a memo recommending that the NPDES permit writers reject any changes to the biodegradation
limitations and to the technology based sediment toxicity standards in any future permitting actions. With the
move from WBM to SBMs, a sediment toxicity test was developed by the USEPA to be used as a discharge
limitation, because SBMs have a tendency to attach to cuttings and settle in the sediment, instead of being
suspended in the water column like WBM. In 2007, Dorn et al. published a report assessing the development of
this method and eﬀorts made by the industry to understand and limit the variability of the new test. The purposes
of the report were to represent a continual eﬀort to evaluate and improve the performance of the sediment toxicity
test, raise conﬁdence in the test and reduce the occurrence of false negatives.
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During the development of the new test in the U.S., various sediment toxicity tests were reviewed by a subgroup
of the Synthetic Based Mud Research Group. After review, four sediment toxicity tests were identiﬁed for
laboratory trials. After completion of the laboratory trials, a screening study by the group, the USEPA, and its
contractor recommended the 10-day aquatic sediment toxicity test using the marine amphipod, Leptocheirus
plumulosus (Dorn et al., 2007). The 96-hour test was later recommended by the USEPA over the longer term
test, and it was accepted. After development of the test, two inter laboratory investigations were conducted where
various ﬁeld muds were tested against reference muds. Results showed signiﬁcant diﬀerences in toxicity results
from laboratory to laboratory for ﬁeld mud samples and also between ﬁeld and reference mud samples in the same
laboratory.
The paper concluded that a high degree of variability still existed within the test even when carefully controlled
in a laboratory setting. The authors noted that the level of test variability was unacceptable and unsustainable for
compliance with legal limits. However, the USEPA promoted the approach anyway.
Most of the technology-based limitations pertaining to the disposal of SBM on cuttings around the world have
to do with percent retention of mud on cuttings. As noted above, the Gulf of Mexico has additional limitations,
including toxicity testing and biodegradation. Australia has added a limitation stipulating the size of the drill
hole for which SBM may be discharged. Other countries, including Norway, have prescribed environmental
monitoring programs as a means of measuring treatment performance (See Appendix A).

3.4 FURTHER INFORMATION ABOUT BEST MANAGEMENT PRACTICES
In the Gulf of Mexico, a BMP approach is permitted that essentially requires the operator to devise a program
to keep better track of SBM at all stages of handling. Examples include establishing operations and maintenance
procedures for each component in the solids control system, identifying and quickly repairing malfunctioning
equipment, establishing mud pit and equipment cleaning methods to minimize the potential for cuttings buildup,
and using the most appropriate spacers, ﬂushes, pills and displacement techniques when changing mud systems.
The following speciﬁc pollution prevention activities are required in a BMP approach ( Johnston et al., 2004):
1) Establishing programs for identifying, documenting and repairing malfunctioning SBM equipment,
tracking SBM equipment repairs, and training personnel to report and evaluate malfunctioning SBM
equipment;
2) Establishing operating and maintenance procedures for each component in the solids control system in a
manner consistent with the manufacturer’s design criteria;
  6TJOHUIFNPTUBQQMJDBCMFTQBDFST nVTIFT QJMMTBOEEJTQMBDFNFOUUFDIOJRVFTUPNJOJNJ[FDPOUBNJOBUJPO
of drilling ﬂuids when changing from water-based drilling ﬂuids to SBMs and vice versa;
4) Monitoring SBM cuttings for the ﬁrst third of the SBM well interval to demonstrate compliance with
the end-of-well permit limitation. Additional monitoring is required for the second (and ﬁnal third, if
necessary) if the SBM well interval ROC value is not below the permit limitation. The operator will re
evaluate and modify the BMP Plan in conjunction with equipment vendors and/or industry specialists if
the ROC value for the entire well is not below the permit limitation;
5) Including SBM cuttings monitoring data for discharges managed by BMPs in their NPDES
permit reports;
6) Establishing mud pit and equipment cleaning methods in such a way as to minimize the potential
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for building up drill cuttings (including accumulated solids) in the active mud system and solids
control equipment system. These cleaning methods shall include but are not limited to ensuring
QSPQFSPQFSBUJPOBOEFċDJFODZPGNVEQJUBHJUBUJPOFRVJQNFOUVTJOHNVEHVOMJOFTEVSJOHNJYJOH
operations to provide agitation in dead spaces; and pumping drilling ﬂuids oﬀ of drill cuttings (including
accumulated solids) for use, recycling, or disposal before using wash water to dislodge solids.
The BMP compliance option also includes information collection requirements. Examples include (1) training
QFSTPOOFM  BOBMZ[JOHTQJMMTUIBUPDDVS  JEFOUJGZJOHFRVJQNFOUJUFNTUIBUNBZOFFEUPCFNBJOUBJOFE 
upgraded or repaired; (4) identifying procedures for waste minimization; (5) performing monitoring (including
the operation of monitoring systems) to establish equivalence with a numeric cuttings retention limitation and
to detect leaks, spills and intentional diversion; and (6) generally to periodically evaluate the eﬀectiveness of the
BMP alternatives.
Johnston et al. (2004) showed that implementation of BMPs in Gulf of Mexico drilling programs signiﬁcantly
reduced SBM retention on cuttings. Using data for comparable well intervals from 72 non BMP wells and 12
#.1XFMMT SFUFOUJPOXBTSFEVDFEGSPN 4UE%FW UP 4UE%FW ɩJTBQQSPBDIPĊFST
an incremental reduction, but obviously is not likely to reduce retention to meet the 1% OSPAR limit.

4.0 DRILL CUTTINGS TREATMENT TECHNOLOGY
4.1 TREATMENT TECHNOLOGY OVERVIEW

Figure 4.1.
Circulation of Drilling Fluid During
Drilling and Suspension and Removal
of Drill cuttings.(OGP, 2003)
Drill string

Drilling fluid
flows down the
drill string and
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the annulus

Borehole wal

Drill bit

Formation being drilled

Oil and gas exploration and development drilling operations
require the use of drilling ﬂuids (or drilling muds) as the
drill bit is advanced to the desired depth. Drilling ﬂuids are
complex mixtures of chemicals and solids that are used to
remove the drill cuttings from the hole, cool and lubricate the
drill bit, maintain hydrostatic pressure on the formation and
stabilize the borehole wall.
As shown in Figure 4.1, the drilling ﬂuid is pumped down
through the drill string and injected under high pressure
through nozzles at the drill bit. As the drill bit rotates and
advances into the formation, the small pieces of rock that are
broken oﬀ are called drill cuttings (refer to Figure 4.2). The
drilling ﬂuid then ﬂushes the drill cuttings from the borehole
along the annulus between the drill string and borehole wall.
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On the drilling platform, the mixture of drilling ﬂuid and
cuttings are collected for treatment to control solids and recycle the
drilling ﬂuid back down the hole. The use of drilling ﬂuids and the
associated treatment and ﬂuid circulating systems are critical
components in the overall drilling operations.

Figure 4.2.
Photograph of Drill Cuttings
(UKOOA website)

The treatment system (or solids-control system) on the drilling
platform serves multiple functions as described in the following
excerpt from a solids-control equipment and service provider
catalogue: “The goal of all modern solids-control systems is to reduce
PWFSBMMXFMMDPTUTUISPVHIUIFFċDJFOUSFNPWBMPGESJMMFETPMJETXIJMF
reducing and minimizing the loss of drill ﬂuids. Additional goals
include worker health and safety and environmental compliance.”
(MI-SWACO, 2008)

Figure 4.3.
Schematic Flow Chart Showing Separation of Drill Cuttings from Drilling Fluids and
Options for Cuttings Disposal (OGP, 2003)
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Discharge

*OTVNNBSZ UIFQSJNBSZGVODUJPOPGBUZQJDBMTPMJETDPOUSPMUSFBUNFOUTZTUFNJTUPFċDJFOUMZSFNPWFUIFTPMJET
from the treatment stream in order to maximize the recovery and recycling of the costly drilling ﬂuids. The two
objectives are complementary since maximizing the recovery of drilling ﬂuids reduces the ﬂuid retention on
cuttings (ROC). In addition, maximizing the recycling of drilling ﬂuid also reduces the total volume of spent
SBM drill ﬂuids that must be disposed of upon completion of drilling operations.
Since the 2002 OWTG, stricter environmental compliance requirements have prompted improvements in
technologies to reduce ROC. This has included the development of specialized technologies for oﬀshore
application, such as “cuttings dryers” and “hammermill” thermal desorption treatment systems (MI-SWACO,
2008).
"TEFUBJMFEJO4FDUJPO UIF0ĊTIPSF8BTUF5SFBUNFOU(VJEFMJOFT "VHVTU TUBUFUIBUTPMJETNBZCF
discharged at the drill site provided they are treated prior to discharge with “best available treatment technology”.
The Guidelines also state that the best available technology in some regions of the world has been able to achieve
an ROC of 6.9 g/100 g or less oil on wet solids for SBM drill cuttings discharge.
SBM drill cuttings and solids recovered from oﬀshore solids-control systems are commonly disposed of through
the use of three potential options:
1) Oﬀshore Disposal: Drill cuttings that meet the local regulatory compliance requirements are directly
discharged oﬀshore.
2) Oﬀshore Reinjection: Drill cuttings are ground to a ﬁne grain size and mixed as a slurry for injection
into the local, subsurface geological formation.
  0OTIPSF%JTQPTBM%SJMMDVUUJOHTBSFUSBOTQPSUFEUPTIPSFGPSTVCTFRVFOUUSFBUNFOUBOEPSEJTQPTBM
based on local regulatory compliance requirements.
A detailed discussion of the issues and framework for evaluating the various disposal options is provided in
UIF$"11  SFQPSU BOEMBUFSNPEJmFEJOUIF0(1  SFQPSUɩFLFZQBSBNFUFSTJEFOUJmFEJOUIFTF
reports for evaluating drill cuttings disposal options are summarized in Table 4.1
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Table 4.1.
Framework of Parameters for Evaluating Disposal Options (OGP, 2003)
Economic

Operational

Environmental

s )MMEDIATE COSTS
s M FOR DISPOSAL
s %NERGY COST
s -AINTENANCE COSST
s ,ABOUR COST
s %QUIPMENT COST
s 4RANSPORTATION COSTS
s $ISPOSAL COSTS OF END
products
s &UTURE LIABILITIES

s 3AFETY
s (UMAN HEALTH ISSUESCHEMICAL
exposure*
s 0ROCESSING RATE
s -ECHANICAL RELIABILITY
s 3IZE AND PORTABILITY OR UNITS
s 3PACE AVAILABITITY
s %NERGY REQUIREMENTS
s #ONDITION OF END PRODUCTS
s -ETHOD OR DISPOSAL AFTER
s 0ROCESSING
s 7EATHER CONDITIONS
s !VAILABILITY OF APPROPRIATE
facilities/infrastructure

s !IR EMISSIONS FROM DRILLING
and suporting operations
s 0OWER REQUIREMENTS
s 2EDUCTION IN VOLUME OF WASTE
s "Y PRODUCTS OF PROCESS
s #OMPLIANCE WITH REGULATIONS
s 2ECEIVING PHYSICAL
environment
s -ARINE SPECIES POTENTIALLY
at risk
s 0OTENTIAL ENVIRONMENTAL
stressors
s 2EMOVAL OF HYDORCARBONS FROM
solids and water
s %NVIRONMENTAL ISSUES AT ONSHORE
site including potential impact
to ground and surface water

Section 4.2 provides a detailed review of current and emerging technologies available for oﬀshore treatment of
SBM drill cuttings. This section has been subdivided into “primary” and “secondary” treatments systems (OGP,
 1SJNBSZUSFBUNFOUTZTUFNTBSFJOUFOEFEGPSTPMJETSFNPWBMBOEESJMMnVJETSFDPWFSZ BTXFMMBTNFFUJOH
environmental compliance requirements. Secondary treatment systems are additional equipment that may or may
not be added to increase drilling ﬂuid recovery and/or help meet stringent regulatory compliance requirements for
oﬀshore cuttings discharge.
Oﬀshore reinjection and onshore disposal of drill cuttings are discussed in Section 4.4.

4.2 DRILLING PLATFORM SOLIDS-CONTROL SYSTEMS
4.2.1 PRIMARY TREATMENT SYSTEMS
The solids-control equipment selected for a well drilling program depends on the drilling ﬂuids used, formation
characteristics, equipment available on the rig and the speciﬁc cuttings disposal requirements. The systems
encompass a series of physical separation equipment designed to sequentially remove coarse to very ﬁne grained
solids (refer to Figure 4.4).
Commonly used primary solids-control equipment includes shakers, hydrocyclones (such as desanders and
desilters) and centrifuges. Drill rigs employ numerous potential conﬁgurations of some or all of these various
pieces of equipment, depending on the speciﬁc solids-control and treatment requirements for the well. In addition,
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Figure 4.4.
Solids-Control Equipment Optimum Particle
Size Cut Points (Marinescu et al., 2007)

Optimum Cut Points
Scalping
Shaker’s 600 u

Scalping Shakers 74 u

the systems typically include the ability
to bypass speciﬁc pieces of equipment
in the treatment train if required during
drilling operations. As a result, there
is no one speciﬁc treatment process
that can be deﬁned for all primary
solids-control applications. The system
components are selected in number and
type based on the site speciﬁc drilling
requirements, and brought online or
oﬄine during drilling operations as
required.

D-Sander: 44 u

The following sections provide
descriptions of the various key
equipment components that can
typically comprise a primary solidscontrol treatment system for oﬀshore
applications.

D-Sitter: 25 u

Centrifuge: 2 to 3 u
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4.2.1.1 SHAKERS

Figure 4.5.

Shakers (or “shale shakers”) are the primary solids control devices
GPSESJMMDVUUJOHT 0(1 %SJMMJOHnVJETBOEESJMMDVUUJOHT
from the borehole are routed to the shaker(s) for removal of
coarse grained cuttings (Figure 4.5). The shaker consists of a
series of screens that vibrate in horizontal or elliptical motion. As
shown in Figure 4.6, at the feed end of the shaker the material is
collected in a box (or “possum belly”) where the liquids and solids
are evenly disbursed across the vibrating screens. The movement
of the vibrating screens is designed to transport the oversize solids
(drill cuttings) to the discharge end of the shaker, where they are
collected and either transported for secondary treatment (refer
to Section 4.2.2) or discharged directly as per the ﬁnal disposal
method.

Example of Shaker Equipment
(MI-SWACO, 2008)
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Figure 4.6.
Typical Shaker Screening
Operation (CAPP, 2001)
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Drilling ﬂuids and ﬁner solids (i.e., silt and colloidal-sized particles)
passing through the shaker screens are then pumped to additional
equipment for further processing (such as centrifuging). The
percentage of drilling ﬂuids retained on the drill cuttings from the
shakers varies depending on the particle size, the formulation of
the drilling mud, the geologic characteristics of the formation being
drilled, and other factors (USEPA, 2000a).
4.2.1.2 HYDROCYCLONES

Mud flows
through screen
to catch pan

Mud return to pits

Cuttings discharge

Figure 4.7.
Desander Hydrocyclone (MI
SWACO, 2008)

Hydrocyclones (Figure 4.7) separate solid particles in a liquid
suspension through centrifugal force gravity separation. As
illustrated in Figure 4.8, a hydrocyclone typically has a cylindrical
top section and a conical base. The liquid and solid mixture is fed
tangentially into the cylindrical section, which creates a rotational
ﬂuid motion that induces high centrifugal force to facilitate gravity
separation. The underﬂow (or “reject” material) consists of the
denser solid particles that ﬂow through the conical section and
are discharged at the bottom opening. The overﬂow (or “accept”
material) consists of the less dense drilling ﬂuids and other liquids
that are discharged at the top of the unit.
Hydrocyclones are designed to remove speciﬁc solids fractions.
Examples are “desanders” and “desilters” used for sand- and siltsized particle removal respectively. Manufacturers also provide
shakers equipped with hydrocyclones mounted at the feed end
of the shaker unit. Operators in Eastern Canada reported that
hydrocyclones for desanding and desilting are rarely used when
ESJMMJOH4#.IPMFTFDUJPOTCFDBVTFPGJNQSPWFETIBLFSFċDJFODZJO
removing sand and silt sized particles.
Hydrocyclones typically are used with unweighted WBMs to
remove sand and silt-size particles that cannot be removed by the
shakers (CAPP, 2001). The units also remove barite along with
the “reject” material; therefore they are normally not used with
weighted drill ﬂuid systems.
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Figure 4.8.
Hydrocyclone Application (CAPP, 2001)
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4.2.1.3 CENTRIFUGES
Centrifuges (Figure 4.9) are used to remove
ﬁne grained solids from the drilling ﬂuids prior
to recycling. They operate using similar gravity
separation processes generated by centrifugal forces.
However, centrifuges are capable of producing
very high G-forces (i.e., in excess of 2,000 G’s) to
facilitate removal of very ﬁne particles.

Figure 4.9.
Decanter Centrifuge (MI-SWACO, 2008)

As shown in Figure 4.10, the feed is injected
through an axial port located at the conical end of
the unit. Solids are separated within the drying zone
(termed the “beach) and conveyed to the discharge
point, whereas liquids ﬂow to the “pool” zone and
are discharged at the opposite end. Primary solidscontrol systems commonly employ multiple centrifuge
units for increased capacity as well as for a variety
of solids separation functions.
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For weighted drilling muds, a centrifuge is commonly used to recover barite for recycling. For WBMs, the
liquid phase containing detrimental drill solids is discharged and replaced with new volume. In dual-centrifuge
conﬁgurations, the discarded liquid can be processed further to remove the low-gravity solids prior to recycling.
(CAPP, 2001)

Figure 4.10.
Cross-Section of a Decanting Centrifuge (CAPP, 2001)
Liquid zone

Drying zone
Whole
mud
feed

Liquid return to active

Pool

4.2.2 SECONDARY TREATMENT
SYSTEMS
The two most common methods for secondary
treatment to reduce drilling ﬂuid retention on
cuttings (ROC) are cuttings dryers and thermal
desorption. Cuttings dryers are used routinely
oﬀshore in the Gulf of Mexico whenever SBM
systems are used. Cuttings dryers cannot achieve
the OSPAR limit of 1% ROC. Thermal
desorption can achieve well below 1% ROC
but poses logistical challenges and has mainly
been used onshore.
.

Solids discharge

Beach

Figure 4.11.
Example of Solids-Control System for SBM Drill
Cuttings, Including Secondary Vertical Cuttings
Dryer (OGP, 2003)
Shakers
Mud cleaner

Centrifuge
Auger transport

Mud returns

Vertical
cuttings dryers
Solids to discharge
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Centrifuge
feed pump
Solids to discharge

Catch tank

4.2.2.1 CUTTINGS DRYERS

Solids

Liquid

These devices were adapted from the coal
industry where they are used to separate slurries
of coal (CAPP, 2001). As shown in Figure
4.12, the design consists of a ﬁne mesh screen
mounted on a rotating basket that generates
centrifugal forces for separation. The centrifuge
may be horizontally or vertically oriented
$BOOPOBOE.BSUJO  ɩF7FSUJ(
cuttings dryer from MI-SWACO is a vertical
NPVOUFEDVUUJOHTESZFSɩF%VTUFSGSPN
Hutchison-Hayes uses a horizontal screen
conﬁguration.

Vertical Cuttings Dryer (MI-SWACO, 2008)
Feeding

A typical example of a cuttings dryer unit
incorporated into a primary solids control system
is shown in Figure 4.11. Drill cuttings from the
shakers are sent to the cuttings dryer unit for
secondary processing.

Figure 4.12.

The ﬂuids recovered from the cuttings dryer can be returned to the mud system for reuse. It is reported that
the high concentration of ﬁnes in the recovered drilling ﬂuids can require increased amounts of dilution of the
recycled drilling ﬂuid stream (CAPP, 2001).
Cuttings dryers are commonly used in the Gulf of Mexico. Melton et al. (2004) reported an example in which
DVUUJOHTESZFSTSFEVDFE30$GSPNUP*OBTUVEZPGXFMMTVTJOHWFSUJDBMDVUUJOHTESZFST $BOOPO
BOE.BSUJO  SFQPSUFEUIBUBWFSBHF30$XBTSFEVDFEGSPNUP30$GPSJOEJWJEVBMXFMMT
ranged from about 2% to 6%.
Johnston et al. (2004) measured ROC for 72 wells drilled with SBMs in the Gulf of Mexico. The paper does not
state what kind of cuttings dryers were used to comply with USEPA permit limits. Average ROC calculated over
BMM4#.XFMMJOUFSWBMTXBT TUBOEBSEEFWJBUJPO<4%> 6TFPG#.1TJOBEEJUJPOUPNFDIBOJDBM
USFBUNFOUGVSUIFSSFEVDFEUIFMFWFMTUPBOBWFSBHFPG 4% 
Getliﬀ et al. (1997) reported that cuttings with low concentrations of adhering SBM have a lesser tendency to
clump, and dispersion is greater as the cuttings settle through the water column. When cuttings containing <5%
linear alpha oleﬁn (measured by retort analysis) were discharged from a platform in the Amoco Arkwright Field
in the North Sea, they dispersed in the water column and no cuttings pile accumulated on the bottom.
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Figure 4.13.
Example of a Rotary Kiln-Type Thermal Desorption Plant for Onshore Treatment of Drill Cuttings
(Jacques Whitford, 2002)

Figure 4.14.
TCC Heat Generation Mechanics.
(Murray et al., 2008)
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4.2.2.2 THERMAL DESORPTION
METHODS

In the thermal desorption process, cuttings are
heated to the distillation temperature of the base
oil, and this temperature is maintained until
essentially all of the oil is vaporized (Pierce et
al., 2006). The cuttings must ﬁrst be heated to
vaporize water, and this actually requires much
more energy than vaporizing the oil.
In the U.K., various thermal desorption
techniques have been developed over the
years since the 1% ROC limit was instituted
(Stephenson et al., 2004; Kirkness and Garrick,
2008). Rotary kiln type and screw type units
were the ﬁrst commercially successful units. The
rotary kiln-type units use a rotating drum that
is heated either indirectly (by external burners)
or directly (by internal burners). Screw type
units use a hollow screw with a heated jacket
instead of a rotating drum. Another method
uses chemical treatment with concentrated acid
to generate heat and disintegrate the cuttings
particles. None of these approaches has proven
adaptable for oﬀshore use (Stephenson et al.,
2004).

When ﬁrst developed, thermal desorption
required large, ﬁxed onshore facilities because
SUPPLY
of the space and energy requirements
OF ENERGY
(Stephenson et al., 2004). An example of a ﬁxed
MATERIAL
BED
POTIPSFGBDJMJUZJTTIPXOPO'JHVSF"TB
SOLIDS
SOLIDS
result, the U.K. industry turned to a “skip and
OUTLET
OUTLET
ship” approach in which cuttings were boxed for
transport to shore based facilities. However, the
loading and transfer of cuttings boxes involves signiﬁcant cost, logistics and safety issues (e.g., potential for serious
injury due to the large number of crane lifts) (Kirkness and Garrick, 2008). This has led to development of
alternatives for bulk collection, storage and transfer (Morris and Seaton, 2006; Total Waste Management Alliance
<58.">  BTXFMMBTDVUUJOHTSFJOKFDUJPO "MCBFUBM  
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A thermo-mechanical cuttings cleaner (TCC)
system (Figure 4.14 and 4.15), also known as a
hammermill system, has been successfully used
both onshore and oﬀshore. This technology,
developed by Thermtech AS in Norway, is a
friction based technique that involves a series of
hammer arms mounted on a central drive shaft
rotating at high speed in a process chamber. As
the cuttings are passed through this chamber,
friction from the hammers generates heat, which
evaporates the water and then the oil from the
cuttings. The evaporated gases are then passed
through an oil condenser and steam condenser
to recover the oil and water. The cuttings powder
resulting from this process typically has a
hydrocarbon content of <0.1%.

Figure 4.15.
TCC Thermal Desorption System for Offshore or
Onshore Application (Thermtech, 2008)

Murray et al. (2008) report that, from a
physiochemical point of view, the TCC system
has an advantage over traditional rotary kiln- and thermal screw-type technologies because of the low overall
process temperature and very short retention time requirements for treatment. Since the process is based on
direct mechanical heating, it eliminates the need for large heating surfaces and complex systems associated with
conventional thermal desorption methods.
The TCC system has been successfully adapted for oﬀshore use in the U.K. and approved by regulatory
BVUIPSJUJFTGPSVTFJOUIF/PSUI4FB 4UFQIFOTPOFUBM  ɩF5$$3PUPNJMMPQFSBUFECZ58."
reportedly achieves a hydrocarbon content of <0.1%. According to Kirkness and Garrick (2008), this technology
XBTGVMMZDPNNFSDJBMJ[FEJOBOETJODFUIFOIBTQSPDFTTFEPWFS UPOOFTPGDVUUJOHTPĊTIPSFGSPNUIF
U.K. (According to the same authors, the U.K. generates over 80,000 tonnes oﬀshore annually, so this represents
a small portion of the total.) Halliburton (2007) states that their TCC system eliminates the need for (and all the
associated costs and risks of ) transferring cuttings from an oﬀshore drilling rig to an onshore treatment facility.
According to Murray et al. (2008), the TCC system operated by MI-SWACO is currently being employed to
treat approximately 50,000 tonnes annually of oil based mud (OBM) in Kazakhstan.
Thermal desorption systems are generally of two types: low temperature systems and high temperature systems
0(1 -PXUFNQFSBUVSFTZTUFNTUZQJDBMMZPQFSBUFBU¡UP¡$ XIJMFIJHIUFNQFSBUVSFTZTUFNTNBZ
VTFUFNQFSBUVSFTVQUP¡$-PXUFNQFSBUVSFTZTUFNTNBZCFTVċDJFOUUPUSFBUXBTUFTXJUIMJHIUPJMT)JHI
temperature systems will be able to achieve lower ﬁnal oil contents for wastes containing heavier oils. Modern
thermal desorption units have variable temperature control. If the oil on cuttings can be removed at a lower
temperature, signiﬁcant savings can be realized by the operator because less energy will be required to reach the
required <1% ROC. A further beneﬁt of the lower temperature will be less inherent thermal degradation of the
base oil (Fang et al., 2007). The TCC systems operate at temperatures between 240° and 260°C, so the recovered
CBTFPJMJTVOBĊFDUFECZIFBUJOHBOEDBOCFSFVTFEJOUIFNVETZTUFN8BJUFUBM  SFQPSUFEUIBUUIFCBTJD
composition of virgin base oil, synthetic or mineral, is little altered after low temperature thermal desorption.
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4.3 OTHER TECHNOLOGIES
Several other methods for reducing ROC have been studied and are in various stages of research and
development. However, a review of industry websites (Halliburton/Baroid, TWMA, and MI-SWACO) suggests
that the only technologies in commercial use oﬀshore are cuttings dryers and thermal desorption using the TCC/
Hammermill method (see Section 4.2.2.2).
t

.JDSPXBWF)FBUJOHoɩJTJTBWBSJBUJPOPGUIFUIFSNBMEFTPSQUJPONFUIPE4IBOHFUBM  
conducted a laboratory study demonstrating that oil-contaminated cuttings from North Sea platforms
could be treated in a single-mode microwave cavity to reduce residual oil levels. However, with the
TBNQMFTJOWFTUJHBUFE UIFXBUFSDPOUFOUXBTOPUTVċDJFOUUPSFEVDFUIFPJMMFWFMTUPCFMPXJOBTJOHMF
process step at realistic treatment times. Robinson et al. (2008) subsequently reported on a pilot project
in which the microwave treatment was improved and scaled up to a 500 kg/hr continuous process
(Figure 4.16). The feed cuttings are conditioned in a solids mixer before being fed via a conveyor to a
microwave cavity. The oil is removed and recovered with an extraction and condensation system, with
the product oil being very similar in composition to the base oil in the drilling mud. Residual oil levels
PGBSFPCUBJOBCMF BOEDVUUJOHTUISPVHIQVUTPGLHISBSFQPTTJCMFVTJOHBL8NJDSPXBWF
source. The authors cite this as the ﬁrst step in the development of a modular system with low deck
impact, ﬂexible processing rates and reduced environmental signature.

Figure 4.16.
Schematic of Pilot-Scale Microwave Cuttings Treatment Unit (Robinson et al., 2008)
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4VQFSDSJUJDBM$02&YUSBDUJPOo4BJOUQFSFBOE.PSJMMPO+FBONBJSF  TUVEJFEUIFQPTTJCJMJUZPG
supercritical CO2 extraction to reduce residual oil on cuttings. Further research has been conducted by
Street et al. (2007) and Esmaeilzadeh et al. (2008). According to Seaton and Hall (2005), a disadvantage
of supercritical CO2 extraction is the requirement for expensive high pressure equipment to turn CO2
from a gas to a supercritical ﬂuid, treat the cuttings and recover the extracted oil. This method has been
used for other industrial applications, such as decaﬀeination of coﬀee beans, but not at the scale and
capacity required for the oﬀshore oil industry. At this point, the research is still in the laboratory phase.
Further research and development would be needed to implement this method in the ﬁeld.
-JRVFmFE(BT&YUSBDUJPOoɩJTUFDIOJRVFJTTJNJMBSUPUIFTVQFSDSJUJDBM$02 extraction method.
However, hydrocarbon gases (propane, butane) are used as solvents because they can be liqueﬁed at
much lower pressures than CO2 and at ambient temperatures (Seaton and Hall, 2005). Laboratory tests
showed that ROC less than 1% could be achieved for cuttings containing diesel oil, mineral oil and an
oleﬁn/ester SBM. This technology is currently being researched only for land based applications. Further
research and development would be needed to implement this method in the oﬀshore.
#JPSFNFEJBUJPOoɩJTJTBOPOTIPSFUSFBUNFOUQSPDFTT BOETPNFUJNFTEJTQPTBMQSPDFTT UIBUJTVTFEJO
the U.K. for drilling wastes that cannot be treated oﬀshore (Hall et al., 2007; OGP, 2008). OGP (2008)
distinguishes three bioremediation methods: land farming, land treatment and composting. In land
farming, waste is periodically re-applied to a receiving soil so that naturally occurring micro organisms
present in the soil can biodegrade the hydrocarbon constituents. Land treatment methods include land
spreading, biotreatment units and in-situ biotreatment; these methods diﬀer from land farming in that
they are a single treatment event rather than repeated applications of oily wastes. Composting is similar
to land treatment, but biodegradation rates are enhanced by improving porosity, aeration, moisture
content and operating temperature. Treatment times can be as short as months or as long as years,
depending on the starting oil concentration and oil composition, as well as environmental conditions
such as temperature, oxygen availability and moisture.
$IFNJDBM8BTIJOH4VSGBDUBOUTo.VIFSFJBOE+VOJO  TUVEJFEUIFQPTTJCJMJUZPGVTJOHTVSGBDUBOUT
to clean oily cuttings. Mixtures of anionic and nonionic surfactant were found to be excellent candidates
for robust cleaners. The technique was characterized as “promising” but would require much more
research and development to be implemented for oﬀshore application. This technology has been applied
extensively for onshore treatment and processing of petroleum impacted soils.
4PMJEJmDBUJPO4UBCJMJ[BUJPOoɩJTJTBOPOTIPSFUSFBUNFOUQSPDFTTUIBUVTFTCJOEJOHBHFOUT TVDI
as Portland cement, to physically encapsulate and chemically stabilize the chemical compounds. The
technology has been used extensively for the treatment of oil impacted solids. As of 2004, approximately
PGUIFSFNFEJBUJPOQSPHSBNTPGUIF6OJUFE4UBUFT&OWJSPONFOUBM1SPUFDUJPO"HFODZT 64&1" 
Superfund scheme utilizes this technology (Page et al., 2004)
*NQSPWFE8#.To(JWFOUIFQSPCMFNTJOUSFBUJOHOPOBRVFPVTNVETUPNFFUJODSFBTJOHMZTUSJOHFOU
regulatory limits, there has been interest in developing improved WBM for more challenging geological
formations. Dye et al. (2005) reported the development of a new high performance water based mud
(HPWBM) designed to close the signiﬁcant drilling performance gap between conventional WBM
and emulsion-based mud systems. The system has undergone extensive ﬁeld testing on very challenging
onshore, deepwater and continental shelf wells that would otherwise have been drilled with oil-based
mud or SBM. Eia and Hernandez (2006) similarly reported the use of a new WBM (Ultradril) as an
alternative to SBM or oil based muds.
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4.4 ALTERNATIVE CUTTINGS
MANAGEMENT OPTIONS
In addition to oﬀshore treatment and disposal,
alternatives for disposal of drill cuttings include
re-injection of cuttings into the geologic
formation or transport of the cuttings to shore for
onshore treatment and/or disposal.

Figure 4.17.
Typical Re-Injection Equipment Layout (Gidatec
website, 2008)
Cutting from
drilling well
Chaker
screens
Cuttings
chute
Sea water

4.4.1 CUTTINGS RE-INJECTION
Cuttings Re-Injection (CRI) is a waste disposal
process wherein the drill cuttings are pumped into
a subsurface geologic formation (Figure 4.17). The
process typically involves grinding the cuttings
and mixing with seawater to create a slurry
capable of being injected. The injection operations
are often conducted as a batch process. The three
main drivers for selecting this technology for
cuttings disposal are regulations, logistics and
costs (Alba et al., 2007).
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Figure 4.18.
The development and use of this technology has
grown signiﬁcantly in recent years. For example, in
the period of a decade or so, the maximum slurry
volume injected into a single well has increased
GSPNBQQSPYJNBUFMZ CCMUPTFWFSBMNJMMJPO
barrels (Guo et al., 2007).
As shown on Figure 4.18, three methods
employed for CRI include: 1) injection into the
annulus of a well being drilled, or a producing
XFMM JOKFDUJPOJOUPBEFQMFUFEXFMMPS 
disposal into a dedicated injection well.
According to Guo et al. (2007), CRI technology
has grown beyond the development stage and is
entering a high-growth phase. The paper further
notes that the key challenges of CRI projects
can include:

Cuttings Re-Injection Options (MI SWACO,
2008)
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Annular injection
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t -PDBMSFHVMBUJPOTBOEQFSNJUUJOH
t $POUBJONFOUPGJOKFDUFEXBTUF
t 4MVSSZSIFPMPHZEFTJHO
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t 4FMFDUJPOPGJOKFDUJPOBOEEJTQMBDFNFOU
procedures;
t %JTQPTBMXFMMDBQBDJUZ
t 4VSGBDFFRVJQNFOUBOEHSJOEJOH
equipment problems;
t .POJUPSJOHBOEWFSJmDBUJPODIBMMFOHFT
Signiﬁcant advancements have been made in the
last decade with application of this waste disposal
technology. The process requires intricate design
and is subject to reservoir constraints. Front-end
engineering of a CRI program typically includes
detailed analysis of the subsurface geological
characteristics, well design, slurry rheology,
hydraulic fracturing simulations, operational
procedure development, equipment speciﬁcation,
and risk identiﬁcation and mitigation options
(MI-SWACO, 2008). CRI operations also
require a well planned monitoring and veriﬁcation
program to ensure quality control during and after
injection operations.
As shown in Figure 4.19, equipment
manufacturers oﬀer specialized equipment for
cuttings grinding, slurry preparation and injection.

Figure 4.19.
Waste Injection System (MI-SWACO, 2008)

Figure 4.20.
Diagram of a “Skip and Ship” Operation (from
Kirkness and Garrick, 2008).
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Safety and logistical aspects of transporting
cuttings to shore for treatment (“skip and ship”;
Figure 4.20) have been discussed by Morris and
Seaton (2006) and Kirkness and Garrick (2008).
Cost aspects have been addressed by USEPA
(2000a). There are other environmental factors
associated with skip and shipping drill mud and
cuttings to shore that are not discussed in detail
here, but they include issues such as fuel usage,
air emissions, potential for spills in sensitive areas,
and onshore treatment, storage and disposal impacts.
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The main safety concern is the large number of crane lifts needed to transfer cuttings boxes between drilling rigs
and onshore facilities. As noted by Morris and Seaton (2006), a typical oﬀshore well can generate in excess of
1,000 tonnes of cuttings and require several hundred cuttings boxes. These boxes have to be lifted onto a boat,
transported to the rig, lifted onto the rig, and then lifted to the ﬁlling station on the rig. Once ﬁlled with cuttings,
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the box is lifted from the ﬁlling station, transferred down onto the boat, and ﬁnally lifted oﬀ the boat when it
returns to the shore base. This means six or more crane lifts are required for each cuttings box ﬁlled, and at 200
boxes per well, this amounts to 1,200 individual crane lifts per well. This represents a signiﬁcant safety risk to
workers at the rig site, on boats, and at the shore base.
A slightly diﬀerent set of ﬁgures is provided by Kirkness and Garrick (2008), as follows: “If, for example, the
80,000 tonnes of cuttings generated in the UKCS have to be taken ashore for treatment using these cuttings
boxes, there will be at least 20,000 bins used. For each bin transported to the rig, ﬁlled and returned to a shore
CBTFEQSPDFTTJOHGBDJMJUZ UIFSFBSFMJLFMZUPCFBTNBOZBTDSBOFMJGUT XIJDIPWFSUIFZFBSXPVMEUPUBM 
lifts. This number of lifts, often in cramped spaces, will increase risk of injury to those involved in the process.”
Cuttings transport also poses logistical challenges because of the limited storage space available on oﬀshore
drilling rigs. Any delay in transferring cuttings boxes to or from the rig could result in a temporary shutdown of
drilling operations (Kirkness and Garrick, 2008). This is especially true when drilling operations are taking place
PĊTIPSFJOXJOUFSNPOUIT XIFOXFBUIFSDPOEJUJPOTNBZNBLFJUEJċDVMUUPUSBOTGFSDVUUJOHTBTIPSFBTXFMMBTHFU
empty cuttings boxes to the rig.
Alternatives for bulk collection, storage and transfer have been developed that avoid the need for cuttings
boxes, thereby eliminating the safety issues associated with crane lifts (Morris and Seaton, 2006; Total Waste
.BOBHFNFOU"MMJBODF<58.">  5BOLTPOUIFSJHDBOCFMJOLFEXJUIUIFUBOLTPOBTIJQCZIPTFT BOE
either pneumatic techniques or pumps can be used to transfer the material. This eliminates the use of cuttings
boxes and cranes, but the techniques could still be sensitive to weather related disruptions (e.g., aﬀecting transport
or loading).
The USEPA (2000d) estimated costs for a “zero discharge” option that would have required U.S. Gulf of Mexico
operators to ship all SBM cuttings to shore for treatment and disposal. Included in the estimates were supply boat
costs, trucking costs, disposal and handling costs, container rental costs, and oﬀshore treatment. The cost of “zero
EJTDIBSHFwXBTFTUJNBUFEUPCF64 QFSEFFQXBUFSEFWFMPQNFOUXFMMBOE64 QFSEFFQXBUFS
exploration well. These compare with net cost savings (based on recovery and recycling of SBM after treatment
XJUIDVUUJOHTESZFST PG64 QFSEFFQXBUFSEFWFMPQNFOUXFMMBOE64 QFSEFFQXBUFSFYQMPSBUJPO
XFMM&TTFOUJBMMZ UIFPOTIPSFEJTQPTBMPQUJPOXPVMEJODSFBTFDPTUTCZPWFS64 QFSEFWFMPQNFOUXFMMBOE
US$700,000 per exploration well. All ﬁgures are in 1999 U.S. dollars. These values are highly dependent on the
detailed assumptions in the USEPA analysis.
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5.0 TECHNOLOGY PERFORMANCE
5.1 DRILL CUTTINGS DISCHARGE QUALITY
The following sections provide a summary of recent information received from two major operators from the East
Coast between 2002 and 2007.
5.1.1 SUMMARY OF RECENT STUDIES
There have been several studies completed in the US and other countries since 2000 to evaluate the average
retention on cuttings (ROC) for synthetic base mud. A summary is presented in Table 5.1 below. In general,
studies have shown varying results ranging from 4.8% to 12% ROC. Some studies focusing on cuttings dryer
technologies have demonstrated reduced ROC as low as 2.1%. In one study, TWMA reported performance data
GSPNXFMMTDPNQBSJOHDVUUJOHTUIBUXFSFOPUQSPDFTTFEJOJUTESZFSTZTUFN  BOEQSPDFTTFEJOJUTTZTUFN
(4.15%).
TABLE 5.1 SUMMARY OF PREVIOUS ROC STUDY FINDINGS
Study Reference

Study Outcomes

Notes

U.S. Environmental Protection
Agency (USEPA, 2000a)

Primary Shale Shakers: 9.3%,
Secondary shale shakers: 13.8%
Other shale shakers: 9.0%

ROC summary from information
of various shakers

Annis (1997)

ROC ranges of: 12.0% ± 4.8%

Evaluated 738 SBM cuttings
samples from processing technology available in the mid 1990’s

Kirkness and Garrick, 2008

ROC ranges of 15% to 20%

Summary of information of various shakers

Cannon and Martin (2001)

Vertical cuttings dryer: Average
ROC was reduced from 11.47%
to 3.99%.

Study based on 23 wells using
the TWMA vertical cuttings dryer.
ROC for individual wells ranged
from about 2% to 6%.

Johnston et al. (2004)

ROC: 4.39%.

Measured ROC for 72 wells
drilled with SBMs in the Gulf of
Mexico;
ROC calculated over all SBM
intervals
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5.1.2 DATA ASSESSMENT OF RECENT EAST COAST OPERATOR EQUIPMENT PERFORMANCE
Data were obtained from two operators and analysed in this report. To provide insight into the equipment
performance of more recent East Coast drilling operations, the study compiled data from two major East Coast
PQFSBUPSTGSPNEJĊFSFOUXFMMTCFUXFFOBOE*OUPUBM UIJTTUVEZBTTFTTFEPWFS 4#.DVUUJOHT
TBNQMFT SFQSFTFOUJOH NFUSJDUPOOFTPG4#.DVUUJOHTEJTDIBSHFEUPTFBBOEPWFS IPVSTPGFRVJQNFOU
operating time.
Operators provided data including dates and shift length, drilling depth, equipment utilized, discharge location,
backup data for the calculation of %SOC over the SBM drilling section, and the location of the drill site. No
WBM data were provided, nor was there supplemental information on other key variables such as geological
characteristics, drilled depth, cuttings temperature and drill mud formulation. Also, no diﬀerentiations of
equipment types were made because speciﬁc data were not available (e.g., shale shaker model, shaker screen size
and centrifuge operational settings). Although these variables are not evaluated in detail, it is recognized that they
play a key role in the ability of equipment to remove SBMs and the net residual %SOC.
"44&44.&/50'*/%*7*%6"-8&--%"5"
Wells were ﬁrst individually assessed based on the smallest increment of time reported (6 hours and 12 hours)
and associated equipment conﬁguration utilized to treat SOC and discharge cuttings to sea. As noted in Section
4, treatment of drill mud is often completed using one or more equipment types that are added or removed
during the drilling program for a given hole. To account for this, similar equipment conﬁgurations were grouped
together and the associated performance assessed. For example, data from an equipment conﬁguration consisting
of a Duster, Shaker(s) and Centrifuge were grouped with other conﬁgurations consisting of a Duster, Shaker(s)
and one or more Centrifuge units. For each well, summary statistics were then generated for each equipment
conﬁguration set-up. The following statistics were then compiled for various equipment conﬁgurations for
each well:
t 40$"WFSBHFDBMDVMBUFECZFYBNJOJOHFRVJQNFOUVUJMJ[FEQFSJOEJWJEVBMUJNFJODSFNFOUBOE
associated cuttings discharge tonnage multiplied by the corresponding %SOC reported for that speciﬁc
piece of equipment to establish a weighted average %SOC value for the equipment conﬁguration during
that time interval. These weighted average %SOC values were then averaged amongst the equipment
conﬁguration group to determine an overall average;
t .JOJNVN40$WBMVFSFDPSEFEGPSFBDIHSPVQ
t .BYJNVN40$WBMVFSFDPSEFEGPSFBDIHSPVQ
t &RVJQNFOUDPOmHVSBUJPOPQFSBUJOHUJNFQFSHSPVQBOE
t 5POOBHFEJTDIBSHFEQFSHSPVQ
Further assessment of individual wells was completed to determine a per well mass weighted %SOC. This was
achieved by dividing the cumulative oil discharged to sea by the cumulative mass of wet solids discharged to sea.
The average %SOC, 90th percentile and 10th percentile were calculated.
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ASSESSMENT OF DATA FROM ALL WELLS
SOC data were further aggregated to obtain a broader view of equipment performance over multiple wells. Using
the initial assessment of data described above, equipment conﬁgurations from all 15 study wells were grouped
together. The following summary statistics were then prepared for similar equipment conﬁgurations over 15 wells:
t

t
t
t
t
t
t

40$8FJHIUFE"WFSBHFDBMDVMBUFECZFYBNJOJOHTJNJMBSFRVJQNFOUDPOmHVSBUJPOTVUJMJ[FEPWFS
15 wells. Average %SOC data (developed based on the individual well data) and associated discharge
tonnage were weighted with those values within the group to develop a weighted %SOC average across
all 15 wells.
UI1FSDFOUJMFUIFWBMVFCFMPXXIJDIQFSDFOUPGUIF40$WBMVFTGBMM OPUBXFJHIUFEDBMDVMBUJPO 
UI1FSDFOUJMFUIFWBMVFCFMPXXIJDIQFSDFOUPGUIF40$WBMVFTGBMM OPUBXFJHIUFEDBMDVMBUJPO 
.BYJNVNUIFNBYJNVN40$WBMVFSFDPSEFEGPSUIBUFRVJQNFOUDPOmHVSBUJPO
.JOJNVNUIFNJOJNVN40$WBMVFSFDPSEFEGPSUIBUFRVJQNFOUDPOmHVSBUJPO
4VNNBSZPGXFJHIUPGDVUUJOHTEJTDIBSHFEUPTFBQFSFRVJQNFOUDPOmHVSBUJPOBOE
5PUBMFRVJQNFOUDPOmHVSBUJPOPQFSBUJOHUJNF

SUMMARY OF PER WELL MASS WEIGHTED %SOC
Analysis of individual wells demonstrated that operators used combinations of equipment conﬁgurations for
individual wells to achieve solids control and associated %SOC. Data results for individual wells are summarized
in Table 5.2.
TABLE 5.2 PER WELL MASS WEIGHTED %SOC
Well Identiﬁcation

%SOC

Well Identiﬁcation

%SOC

1
2

11.07

9

8.09

9.30

10

8.15

3

9.62

11

7.66

4

7.84

12

7.48

5

8.21

13

6.08

6

7.69

14

8.51

7

8.64

15

7.73

8

9.78

The average for all wells noted above by a mass weighted %SOC was 8.46 %.
Summary of Equipment Conﬁguration Statistics, All Wells
Based on a review of data from 15 wells, there were 16 broad types of equipment conﬁgurations used at various
times during drilling. The conﬁgurations changed throughout individual well drilling programs to accommodate
site-speciﬁc conditions (such as geology, depth to surface, temperature and formulation). The results of the data
DPNQJMBUJPOBSFTVNNBSJ[FEJO5BCMFCFMPX
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TABLE 5.3 SUMMARY OF %SOC REMOVAL BY CONFIGURATION GROUPING
Equipment
Conﬁguration Reference

Conﬁguration
Description

Weighted
Average %SOC
on Cuttings

Treated
Tonnage
Discharged
(mt)

Hours
Operated

1

Duster Cuttings Dryer,
Shaker(s), Centrifuge x 3

7.09

9,658

2,250

2

Shaker, Centrifuge x3

9.55

5,343

1,668

3

Centrifuge x 3

9.28

4,710

2,484

4

Duster Cuttings Dryer,
Shaker(s), Centrifuge x 3,
Duster Cuttings Dryer
Centrifuge

9.07

6,825

2,166

5

Duster Cuttings Dryer,
Shaker(s)

5.74

106

42

6

Shaker(s)

6.20

642

306

7

Duster Cuttings Dryer,
Centrifuge x 3

6.58

39

12

8

Duster Cuttings Dryer,
Centrifuge x 3, Duster
Cuttings Dryer Centrifuge

9.35

156

54

9

Duster Cuttings Dryer,
Shaker(s), Duster Cuttings
Dryer Centrifuge

8.51

121

84

10

Duster Cuttings Dryer

5.75

9

6

11

Duster Cuttings Dryer, Duster
Cuttings Dryer Centrifuge

14.4

11

6

12

Shaker(s), Centrifuge x 3,
Duster Cuttings Dryer
Centrifuge

9.49

327

168

13

Duster Cuttings Dryer
Centrifuge

14.74

16

18

14

Centrifuge x 3, Duster
Cuttings Dryer Centrifuge

10.86

45

12

15

Verti-G, Shaker(s), Centrifuge
x3

6.88

327

156

16

Verti-G, Shaker(s), Centrifuge
x 3, Verti-G Centrifuge

8.15

11

12

8.46

28,993

9,624

Summary of Equipment Conﬁgurations

As noted in the above table, of the 16 equipment conﬁgurations the ﬁrst four represented over 90% of the total
weight of treated SBM cuttings discharged to sea and were used approximately 89% of the operating time. As
GVSUIFSTIPXOJO5BCMF PVUPGUIFUPUBMUPOOBHFPGNBUFSJBMUSFBUFEVTJOHDVUUJOHTESZFST BQQSPYJNBUFMZ
PGUIFNBUFSJBMXBTUSFBUFEVTJOHUIF%VTUFSDVUUJOHTESZFS XJUIPOMZVUJMJ[JOHUIF7FSUJ("OBTTFTTNFOU
PGUIFUSFBUNFOUQFSGPSNBODFPGUIF%VTUFSWFSTVT7FSUJ(GPS&BTUFSO$BOBEJBOBQQMJDBUJPOXBTOPUQPTTJCMF
CFDBVTFPGUIFMJNJUFEBNPVOUPGEBUBQSPWJEFEGPS7FSUJ(QFSGPSNBODF
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A summary of the statistics is shown in Figure 5-1.

Figure 5.1.
Summary of Equipment Conﬁguration Statistics
Equipment Configuration Data Summary
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ɩFSFTVMUTPCUBJOFEGSPNUIFDPOmHVSBUJPOTUIBUQSPDFTTFEPWFSPGUIFDVUUJOHT JF DPOmHVSBUJPOTo 
indicated that the weighted average %SOC ranged from 7.1 %SOC for Conﬁguration 1, to 9.6 %SOC for
Conﬁguration 2. The lower 10th percentile was typically less than average by about 1.5% SOC, while the upper
UIQFSDFOUJMFXBTCFUXFFOBOE40$"MMGPVSDPOmHVSBUJPOTFYIJCJUFETJHOJmDBOUEJĊFSFODFTCFUXFFO
the single highest (maximum) and single lowest (minimum) values for %SOC.
It is noted that the maximum and minimum %SOC recorded for equipment Conﬁguration 5 is the same as the
upper 90th percentile and lower 10th percentiles. Conﬁgurations 10, 11 and 16 each consist of a single instance
where the respective equipment was utilized; therefore the data for these conﬁgurations is represented as a single
weighted average %SOC.
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DISCUSSION
The Oﬀshore Waste Treatment Guidelines (National Energy Board et. al. 2002) serve as a guide for East Coast
Oﬀshore operators. In the regulatory guidelines referred to, 6.9% SOC (wet) is a recommended target based on
using the best available technology. However, based on discussions with operators, the “best available technology”
is necessarily a broad deﬁnition and applies to the best available technology associated with a speciﬁc rig and
associated treatment equipment.
On a per well basis, study results indicate that using combinations of equipment conﬁgurations produced %SOC
values of less than 6.9% for 1 of the 15 individual wells. Individual well data indicate a tighter range amongst the
90th and 10th percentiles with values of 9.7% and 7.6% SOC respectively with an average of 8.4% SOC.
The study results indicate that equipment conﬁgurations 5, 6, 7, 10 and 15 achieved a mass weighted average of
6.9% SOC. However, these equipment conﬁgurations represent less than 10% of the overall mass of cuttings
discharged (based on this data set).
0GUIFGPVSFRVJQNFOUDPOmHVSBUJPOTBDDPVOUJOHGPSUIFEJTDIBSHFPGUIFHSFBUFTUXFJHIUPGDVUUJOHT   BOE
4), none achieved a mass weighted average of 6.9% SOC. Of the 4 conﬁgurations that handled 90% of the mass, a
target of 6.9% SOC was rarely achieved.
When all equipment conﬁgurations are grouped together, it appears that a mass weighted average %SOC (wet) of
8.5% was typically achieved. The 90th percentile calculated from all %SOC cuttings samples in the study (total of
  XBT40$ BOEUIFUIQFSDFOUJMFXBT40$
One operator reported that drilling operations conducted in the Nova Scotia oﬀshore in 2002 were able to
BDIJFWFUIF40$UISPVHIVUJMJ[BUJPOPGB7FSUJ(DVUUJOHTESZFS DPNCJOFEXJUITIJQUPTIPSFPGTPNF
ESJMMJOHXBTUFT)PXFWFS UIFQSPWJEFEEBUBEJEOPUFOBCMFBTTFTTNFOUPGUIF7FSUJ(DVUUJOHTESZFSTUBOEBMPOF
performance.
Another Canadian operator reported that enhanced cuttings treatment performance was achieved through the
use of commercially available chemical additive(s) in conjunction with the solids-control separation equipment.
However, further details of the characteristics of the additive(s) were not provided for review.
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6.0 ENVIRONMENTAL EFFECTS MONITORING
The study team undertook a review of various studies and environmental eﬀects monitoring (EEM) programs
which have been published since the previous CAPP (2001) background document on oﬀshore drilling mud
and cuttings discharges. Continental Shelf Associates Inc.(CSA), based in Florida, USA, provided a signiﬁcant
contribution to this assessment.

6.1 REVIEW OF RECENT PUBLICATIONS
In order to synthesize the vast amount of data and update current knowledge on this subject, the team focused on
the following 12 recent and key representative papers/studies:
t 8IJUF3PTF&OWJSPONFOUBM&ĊFDUT.POJUPSJOH1SPHSBNo3FTVMUT )VTLZ&OFSHZ  
2007, 2009 - Draft);
t 64.JOFSBMT.BOBHFNFOU4FSWJDF ..4 4UVEZPGUIF&ĊFDUTPG0JMBOE(BT&YQMPSBUJPOBOE
Development at Selected Continental Slope Sites in the Gulf of Mexico (CSA, 2006);
t 3JTLT"TTPDJBUFEXJUI%SJMMJOH'MVJETBU1FUSPMFVN%FWFMPQNFOU4JUFTJOUIF0ĊTIPSF&WBMVBUJPOGPS
the Potential of an Aliphatic Hydrocarbon Based Drilling Fluid to Produce Sedimentary Toxicity and
for Barite to be Acutely Toxic to Plankton (Payne et.al., DFO, 2006);
t &OWJSPONFOUBM&ĊFDUTPG&YQMPSBUPSZ%SJMMJOH0ĊTIPSF$BOBEB&OWJSPONFOUBM&ĊFDUT.POJUPSJOH
%BUBBOE-JUFSBUVSF3FWJFXo'JOBM3FQPSU )VSMFZBOE&MMJT  
t (VMGPG.FYJDP$PNQSFIFOTJWF4ZOUIFUJD#BTFE.VET.POJUPSJOH1SPHSBN $4"  
t ."1&.1SPKFDU&OWJSPONFOUBM.POJUPSJOHPG0ĊTIPSF%SJMMJOHGPS1FUSPMFVN&YQMPSBUJPO0ĊTIPSF
Brazil (MAPEM, 2004);
t *NQBDU"TTFTTNFOUBOE#FOUIJD3FDSVJUNFOU'PMMPXJOH&YQMPSBUJPO%SJMMJOHJOUIF4PVUI$BTQJBO4FB
(Tait et.al., SPE, 2004)
t &OWJSPONFOUBM"TQFDUTPGUIF6TFBOE%JTQPTBMPG/PO"RVFPVT%SJMMJOH'MVJET"TTPDJBUFEXJUI
0ĊTIPSF0JM(BT0QFSBUJPOT 0(1 
t "TTFTTNFOUPG&OWJSPONFOUBM*NQBDUTGSPN%SJMMJOH.VETBOE$VUUJOHT%JTQPTBM0ĊTIPSF#SVOFJ
(Sayle et.al., SPE, 2002); and
t -BCPSBUPSZ&YQPTVSFTPG*OWFSUFCSBUFBOE7FSUFCSBUF4QFDJFTUP$PODFOUSBUJPOTPG*" 1FUSP
Canada) Drill Mud Fluid, Production Water, and Hibernia Drill Mud Cuttings (Payne et.al., DFO,
2001).
t )FBMUIFĊFDUJOEJDBUPSTJO"NFSJDBOQMBJDF )JQQPHMPTTPJEFTQMBUFTTPJEFT GSPNUIF5FSSB/PWB
development site, Grand Banks, NL, Canada. ( 2005).
t ).%$ )JCFSOJB.BOBHFNFOU%FWFMPQNFOU$PNQBOZ-JNJUFE )JCFSOJB1SPEVDUJPO1IBTF
&OWJSPONFOUBM&ĊFDUT.POJUPSJOH1SPHSBNo:FBS4JY  
These reports represent a total of over 100 well site studies. General conclusions resulting from the review of these
studies are discussed below, however, the key ﬁndings of all of these reports are provided in Appendix B.
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6.2

GENERAL CONCLUSIONS OF RECENT EEM STUDY REVIEWS

The base ﬂuids in SBMs are synthesized organic compounds that do not contain the toxic components found
in reﬁned oils, such as aromatics and cyclic structures. The most common SBM types include esters, ethers,
PAOs, detergent alkylate, LAOs, IOs, and dimethyl siloxane-based oligomeric siloxanes. SBMs do not pose
any special hazards with respect to contaminants. Metal concentrations in SBMs are expected to be similar to
those in WBMs. With the exception of barium, these concentrations are typically similar to the range measured
in uncontaminated marine sediments (Neﬀ et al., 2000). SBM base ﬂuids typically do not contain PAHs.
Observations during monitoring programs indicate that concentrations of barium and some other metals
(cadmium, chromium, copper, lead, mercury, and zinc) may be elevated in sediments around drillsites where SBM
discharges have occurred. However, results from monitoring studies are somewhat inconsistent (e.g., no eﬀects on
metals, from SBM cuttings, other than barium were noted in the Brunei and White Rose studies).
The studies reviewed here represent a range of geographic locations, water depths, intensities of drilling activity,
BOEUZQFTPGESJMMJOHNVETVTFE*UXPVMECFEJċDVMUUPDPNQBSFUIFTFTJUFTXJUISFTQFDUUPESJMMJOHNVEBOE
cuttings dispersion without a detailed analysis of current regimes and volumes discharged. However, Hurley and
Ellis’ (2004) observation appears to remain valid in this present update in that there is considerable consistency
in the monitoring results despite diﬀerences associated with the volumes and types of drilling waste discharged,
UIFTDBMFBOEMPDBUJPOPGESJMMJOH BOEWBSJBUJPOTJOTBNQMJOHQSPHSBNT*OEFFE 0(1T  DPNQJMBUJPOPG
ﬁeld monitoring results at oﬀshore drilling sites reveals a relatively consistent picture of the fate and eﬀects drill
cuttings associated with SBMs. The speciﬁc degree of impact is a function of local environmental conditions
(water depth, currents, temperature), and the amount and type of waste discharged.
It is generally thought that the largest potential impact from discharge will occur in the sediment dwelling
(benthic) community. The risk of water-column impact is low due to the short residence time of cuttings as they
settle to the sea ﬂoor and the low water-solubility and aromatic content of the base ﬂuid. In general, the various
study results suggest that the primary cause of benthic eﬀects in the nearﬁeld was physical (i.e., burial) rather
than chemical (toxicity). It is probable that within three to ﬁve years of cessation of SBM cuttings discharges,
DPODFOUSBUJPOTPGTZOUIFUJDJOTFEJNFOUTXJMMIBWFGBMMFOUPTVċDJFOUMZMPXMFWFMTBOEPYZHFODPODFOUSBUJPOTXJMM
IBWFJODSFBTFETVċDJFOUMZJOUIFQSFWJPVTMZBĊFDUFEBSFBUIBUDPNQMFUFSFDPWFSZXJMMCFQPTTJCMF /FĊFUBM  
Impacts on the benthic biota are potentially due to several factors which include chemical toxicity of the base
ﬂuid, oxygen depletion due to SBM biodegradation in the sediments and physical impacts from burial or changes
in grain size. At sites where SBFs were used, ﬁeld studies show that recovery is underway within one year of
DFTTBUJPOPGEJTDIBSHFT 0(1 
The studies generally indicate that environmental eﬀects of SBM cuttings are far less severe than those reported
for OBMs. This is evident both from the direct comparisons in the Brunei study (Sayle et al., 2001) and by
comparison with impacts documented for OBM discharges in the North Sea (Davies et al., 1989; Olsgard and
Gray, 1995; Bell et al., 1998). Large, thick cuttings piles such as those observed at various historical OBM sites in
the North Sea were not reported in any of the SBM studies. SBM cuttings discharges have had far fewer eﬀects
on soft-bottom communities than OBM cuttings discharges, as eﬀects on soft bottom communities from SBM
DVUUJOHTEJTDIBSHFTBSFSBSFMZTFFOPVUTJEFPGN 0(1 
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In most cases the majority of cuttings appeared to be deposited within 100 to 250 m of the discharge site. Many
of the studies indicate that benthic impacts are patchy, with some nearﬁeld stations showing conditions similar to
those at the far-ﬁeld or reference sites (CSA, 2006). The severity of discharge-related impacts vary depending on
the volume of SBM cuttings discharged and the time elapsed since drilling was completed.
The majority of the studies generally concluded that benthic community eﬀects from oﬀshore exploration drilling
were most likely limited to within about 500 m of wellsites. However, many of these studies were not speciﬁcally
designed to study a distance gradient or delineate the spatial extent of eﬀects; rather, they used an impact-control
design in which near-ﬁeld and far-ﬁeld (reference) locations were compared. Other aspects of the MMS (CSA,
2006) study (geophysical mapping for example) showed detectable accumulations extending up to 1 km from
XFMMTJUFT BOEBGFXTFEJNFOUTBNQMFTEFUFDUFEESJMMJOHNVETJHOBUVSFTBUEJTUBODFTPGUPLN)PXFWFS OP
corresponding benthic infaunal samples were taken at these locations. Likely causes of the benthic community
impacts noted in the MMS (CSA, 2006) and SBM (CSA, 2004) related studies include organic enrichment and
redox changes associated with SBM cuttings deposits, as well as outright burial and gross changes in sediment
texture due to both WBM and SBM cuttings deposits in the near-ﬁeld. According to this interpretation, small
but detectable mud and cuttings accumulations at distances greater than about 500 m would be unlikely to
produce signiﬁcant benthic community eﬀects.
Both the White Rose and Brunei studies (exploration and production drilling) provided some evidence for more
extensive benthic community eﬀects. This is due in part because production drilling generates substantially larger
volumes of mud and cuttings (which require more holes to produce) than does single hole exploration drilling.
Exploration drilling represented most of the other studies. For example, USEPA (1991) reports that the average
WPMVNFPGNVEBOEDVUUJOHTGSPNBOFYQMPSBUJPOXFMMJOUIF(VMGPG.FYJDPJT CCMT*ODPNQBSJTPO VQ
to the time of their 2006 survey, the following drilling discharges had been made at the White Rose production
ESJMMJOHDFOUSFT )VTLZ  8#.$VUUJOHT   .5 8#.  N 4#.$VUUJOHT  
.5 BOE 4#.  N 
In the White Rose program, the zone of eﬀects on benthic invertebrates extended to 1 to 5 km from the
production drill centers. However, the causal mechanism for eﬀects beyond the near-ﬁeld is not clear. Neither
CBSJVNOPS4#.IZESPDBSCPOTBSFMJLFMZUPCFSFTQPOTJCMFoCBSJVNJTOPUUPYJD BOEDPODFOUSBUJPOTBU
these distances were within the range of background levels; hydrocarbon concentrations were approximately
three orders of magnitude below the laboratory eﬀects threshold. Distance gradients were steep in all years,
with hydrocarbon concentrations decreasing by 100- to 1,000-fold over 10 km. The report suggests that the
community eﬀects observed (abundance and composition) could be due to indirect eﬀects, chronic toxicity
involving longer term exposure, or some correlate of hydrocarbon concentrations. However, there were no
detectable project eﬀects on many other benthic invertebrate community summary measures including, richness,
diversity, and evenness. In contrast to the documented sediment contamination and benthic invertebrate eﬀects,
no eﬀects (taint, body burden, health indices) on commercial ﬁsh were identiﬁed (Husky, 2007).
There was clear evidence in the White Rose program that concentrations of two drilling mud indicators (barium
BOE$$IZESPDBSCPOT XFSFFMFWBUFECZESJMMJOHBDUJWJUZOFBSESJMMDFOUFST#BSJVNDPOUBNJOBUJPO
FYUFOEFEUPLNGSPNTPVSDF BOE$$IZESPDBSCPODPOUBNJOBUJPOFYUFOEFEUPLNGSPNTPVSDF
0WFSBMM DPODFOUSBUJPOTPG$$IZESPDBSCPOTXFSFBCFUUFSJOEJDBUPSPGESJMMJOHBDUJWJUZGPS8IJUF3PTF
than barium. From 2004 to 2008, total abundance was approx. 20-40% lower at stations within 2 km from
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active drill centres. However, there were no detectable project eﬀects on many benthic invertebrate community
summary measures including richness, diversity, and evenness (and standing crop when all years data are
considered). The variables aﬀected and the strength of eﬀects varied among sampling years and also among drill
centers, and there have been few consistent response patterns. Survival in toxicity tests was not signiﬁcantly
DPSSFMBUFEXJUI$$IZESPDBSCPODPODFOUSBUJPOTJOBOZQPTUESJMMJOHZFBS BOEDPSSFMBUJPOTXJUIWBSJPVT
distance measures were weak and usually not signiﬁcant. The estimated spatial extent of eﬀects was generally less
extensive than the zone of chemical inﬂuence, and within the range seen in other comparable studies in the North
Sea. A more detailed summary of the White Rose EEM program is provided in Appendix B.
At one of the Brunei study sites (also a production area), SBM cuttings piles were mainly localized within 150
to 200 m of the wellsite, with extensive anoxic conditions and bacterial mats, but eﬀects on benthic macrofaunal
diversity were reported to extend to 1.6 to 2 km from the wellsite. This zone of inﬂuence was attributed to
the relatively large volume of cuttings at this multi-well production site, as well as the potential of formation
hydrocarbons on cuttings which were more widely distributed during the WBM drilling phases at this location.
During the period 1997 to 2006, the Terra Nova project monitored various oﬀshore sediment, water and
commercial ﬁsh environmental parameters. There were no detectable eﬀects on water quality over the course of
the monitoring program. Levels of hydrocarbons in the sediments were found to be less than 4mg/kg beyond
ESJMMDFOUSFTBULN BOE LN BOE BOELN  .FEJBOMFWFMTPG)$TSBOHFE
GSPNNHLHJOUPNHLHJO XJUINBYJNVNWBMVFTMPDBUFEXJUIJONPGESJMMDFOUSFTJO
BMMZFBSTFYDFQUXIJDIGPVOEBNBYJNVNWBMVFPGNHLHBUBEJTUBODFPGN4JNJMBSMZ NBYJNVN
barium concentrations were within 250m of drill centres, and typically within 150m. Some elevated sulphur
and sulphides were found in the immediate vicinity of the drill centres (along with lower Redox levels). A mix of
potential enrichment (i.e., polychaetes) and inhibitory responses (i.e., amphipods) of certain benthic community
structure indicators was observed near drill centres in 2001 to 2006. HC’s were noted at various levels in scallops
from the study area, and in plaice livers (however, chromatography resembled fatty acids rather than drill mud
HCs). Eﬀects measured for all parameters of the monitoring program were within predicted levels.
)JCFSOJBJTBDSVEFPJMQSPEVDUJPOBOEESJMMJOHQMBUGPSNMPDBUFEBQQSPYJNBUFMZLNFBTUPG4U+PIOT6QVOUJM
2007, two drill rigs operated simultaneously at Hibernia. Prior to the start-up of the cuttings reinjection system in
2001-02, both drill rigs discharged treated cuttings at essentially the same location.
The 2007 EEM data indicates that hydrocarbons in sediments have returned to or below the 1998 levels. The
2007 total barium and weak acid leachable barium levels are also comparable to the 1998 levels.
The overall change in the sediment quality observed at Hibernia is directly attributed to the cessation of discharge
of drill cuttings containing residual drilling ﬂuid once reinjection of cuttings commenced in 2001. When cuttings
reinjection was ﬁrst commissioned in 2001 only the coarse cuttings from the shakers were reinjected. Drilling
waste solids from the discharge line on the centrifuges were not reinjected initially thus the ﬁner solids were still
discharged to sea.
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In September 2002, the centrifuge discharge line was permanently connected to the cuttings reinjection system.
This enabled all drill cuttings, ﬁnes and coarse cuttings, to be reinjected continuously except during periods of
cuttings reinjection system downtime.
The observed reduction in concentrations of hydrocarbons in sediments in 2002, when compared to 2000
data, is of particular interest. The highest recorded concentration in 2000 was 4170 mg/kg (sample closest
to the platform) compared to 798 mg/kg in 2002; a substantial reduction. This reduction occurred over an
approximately two year period when ﬁnes from the centrifuges were still being discharged and when the Oﬀshore
Waste Treatment Guidelines limit for synthetic oil on cuttings was set at 15%. Also no downtime of the cuttings
reinjection system occurred during this period which resulted in the need to discharge cuttings.
Similar substantial reductions in concentrations of hydrocarbons in sediments were observed in 2004 and 2007
&&.QSPHSBNTXIFOUIFIJHIFTUDPODFOUSBUJPOTXFSFSFDPSEFEBTBOENHLHSFTQFDUJWFMZ
Primary literature and industry reports on the eﬀects of drill mud and cuttings have been reviewed in MMS
 $"11 B /&#FUBM  #VDIBOBOFUBM  )VSMFZBOE&MMJT  BOE/FĊ  
Results from the EEM programs at Hibernia, White Rose and Terra Nova have, with some speciﬁc exceptions
(see details in Appendix B), conﬁrmed generally their respective assessment predictions of no signiﬁcant eﬀect
on the marine environment for those production projects. Mathieu et al. (2005) and Deblois et al. (2005) also
concluded that the Terra Nova project demonstrated no signiﬁcant eﬀects on ﬁsh health and ﬁsh habitat after a
three-year period where six wells were drilled using a combination of water-based and synthetic-based muds.
Concentrations of monitored components of SBM cuttings in sediments tended to decrease or return to
background values with time after the last cuttings discharge. Changes to benthic communities were not severe,
even at the sites that were the most heavily contaminated with drill cuttings, and probably were caused primarily
by organic enrichment of sediments by deposition of biodegradable SBM cuttings (CSA, 2004). Where impacts
were observed, progress toward physical, chemical, and biological recovery appeared to occur within one to several
years. Possible mechanisms included microbial biodegradation (breaking down of materials by microorganisms)
and burial by natural sediment deposition or bioturbation (reworking of sediments by marine organisms).
SBMs are not expected to bioaccumulate signiﬁcantly because of their extremely low water solubility and
consequent low bioavailability. Their propensity to biodegrade further reduces the likelihood that exposures will
be long enough that a signiﬁcant bioaccumulative hazard will result. Cuttings discharged with SBFs have resulted
JOTNBMMFS[POFTPGJNQBDUPOUIFTFBnPPS BOEUIFCJPMPHJDBMDPNNVOJUZSFDPWFSTNPSFSBQJEMZ 0(1 
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7.0 CONCLUSIONS
This study represents a summary of information up to 2008, and includes recent SOC data between 2002 and
2007 from two major East Coast operators. Key conclusions from this study are as follows:
SBM DRILL CUTTINGS CHARACTERISTICS
t

t

4#.TIBWFCFFOEFWFMPQFEJOSFDFOUZFBSTUPQSPWJEFUIFPJMBOEHBTJOEVTUSZXJUIBOFOWJSPONFOUBMMZ
improved alternative to OBMs. SBMs are distinguished by the use of a synthetic base ﬂuid (SBF) instead
of water or oil. Because SBMs have low toxicity and high biodegradability, cuttings generated with these
muds have been permitted for oﬀshore discharge in many jurisdictions, often subject to eﬄuent limits.
4#.TBSFQSFQBSFETZOUIFUJDBMMZBOEBTTVDIBSFXFMMDIBSBDUFSJ[FEBOEGSFFPGTVCTUBOUJBMJNQVSJUJFT
The base ﬂuids in SBMs are synthesized organic compounds that do not contain the toxic components
found in reﬁned oils, such as aromatics and cyclic structures. The most common SBM types include
esters, ethers, iso-alkanes, poly-alpha-oleﬁns, detergent alkylate, linear alpha-oleﬁns, isomerized oleﬁns
and dimethyl siloxane-based oligomeric siloxanes (Hart et al., 2007). Metal concentrations in SBMs
are expected to be similar to those in WBMs. With the exception of barium, these concentrations are
typically similar to the range measured in uncontaminated marine sediments (Neﬀ et al., 2000). SBM
base ﬂuids typically do not contain polynuclear aromatic hydrocarbons.

REGULATORY STANDARDS AND GUIDELINES
t

t

ɩFEJTQPTBMPGESJMMNVEBOEDVUUJOHTJO&BTUFSO$BOBEBJTDVSSFOUMZDPOUSPMMFEVOEFSUIF0ĊTIPSF
Waste Treatment Guidelines, 2002. Under these Guidelines, drill cuttings associated with SBM are
to be re-injected, and where this option may not be technically feasible, the cuttings may be discharged
to sea provided that they are treated ﬁrst with the best available technology. At the time when these
guidelines were published, the best available treatment technology in some regions of the world was
believed to be 6.9 g/100 g or less of oil on wet solids and 6.9% was set as the allowable discharge limit for
synthetic oil on cuttings (SOC). This discharge limit may be modiﬁed in individual circumstances where
more challenging formations and drilling conditions are experienced or areas of increased environmental
risk are identiﬁed. In Nova Scotia, the 6.9% guideline has been reached through a combination of
treatment system technologies and other management controls, such as ship to shore.
ɩF40$DPODFOUSBUJPOPGOPUFEJOUIF0ĊTIPSF8BTUF5SFBUNFOU(VJEFMJOFT  XBTCBTFE
on the USEPA results obtained from the Gulf of Mexico. This retention on cuttings limit was developed
by the USEPA based on a statistical analysis of data from 65 wells and representing four cuttings dryer
technologies (USEPA, 2000c). In this study, the USEPA noted that the well average retention on
cuttings measurements from Canada were all higher than those found in the Gulf of Mexico, arguing
that the Canadian data do not belong to the same probability distribution as that associated with the
data from the Gulf of Mexico. USEPA concluded that because these technologies appear physically and
statistically diﬀerent, a single distribution for retention on cuttings from any combination of cuttings
dryer technologies does not exist for multiple regions (USEPA 2000b). The diﬀerence in retention on
cuttings appears to be associated with variation/diﬀerences in geological formations (coarser materials
generally associated with the Gulf of Mexico), and diﬀerences in the well bottom hole assemblies, all
resulting in higher %SOC in the Canadian oﬀshore wells.

54 Final Report: Cutting Treatment Technology Evaluation

t

ɩFNBKPSJUZPGUIFUFDIOPMPHZCBTFEMJNJUBUJPOTQFSUBJOJOHUPUIFEJTQPTBMPG4#.PODVUUJOHT
worldwide have to do with percent retention of mud on cuttings. The Gulf of Mexico has additional
limitations, including toxicity testing and biodegradation. Australia has added a limitation stipulating
the size of the drill hole for which SBM may be discharged. Other countries, including Norway, have
prescribed environmental monitoring programs as a means of measuring treatment performance, and
still others have no restrictions on the disposal of SBM.

DRILL CUTTINGS TREATMENT TECHNOLOGY
t

t

t

t

t

t

t

ɩFQSJNBSZGVODUJPOPGBUZQJDBMTPMJETDPOUSPMUSFBUNFOUTZTUFNJTUPFċDJFOUMZSFNPWFUIFTPMJET
from the treatment stream in order to maximize the recovery and recycling of the costly drilling ﬂuids.
Maximizing the recycling of drilling ﬂuid also reduces the total volume of spent SBM drill ﬂuids that
must be disposed of upon completion of drilling operations.
$BSSZJOHGPSXBSEUIFEFmOJUJPOTEFmOFECZ0(1  QSJNBSZUSFBUNFOUTZTUFNTBSFBJNFEBUTPMJET
removal and drill ﬂuids recovery, as well as achieving environmental compliance requirements. Secondary
treatment systems are additional equipment that may be added to increase drilling ﬂuid recovery and/or
assist in achieving stringent regulatory compliance requirements for oﬀshore cuttings discharge.
1SJNBSZTPMJETDPOUSPMFRVJQNFOU FH TIBLFSTBOEDFOUSJGVHFT IBTSFNBJOFEUIFNBJODPNQPOFOUGPS
removal of SBMs on cuttings. Although reﬁnements have been made to primary treatment equipment,
these technologies remain relatively similar to 2002 designs. There is no one speciﬁc treatment
process that can be deﬁned for all primary solids-control applications. The number and type of system
components are selected according to the site speciﬁc drilling requirements (e.g., volumes to be treated,
variability in formation, production rate), and brought online or oﬄine during the course of drilling
operations as required.
ɩFUXPNPTUDPNNPONFUIPETGPSTFDPOEBSZUSFBUNFOUUPSFEVDFESJMMJOHnVJESFUFOUJPOPODVUUJOHT
(ROC) are cuttings dryers and thermal desorption. Although other innovative technologies, such as
microwave treatment, have been studied, they are not available on a full-scale commercial basis.
ɩFEFTJHOPGDVUUJOHTESZFSTDPOTJTUTPGBmOFNFTITDSFFONPVOUFEPOBSPUBUJOHCBTLFUUIBUHFOFSBUFT
centrifugal forces for separation. The centrifuge may be horizontally or vertically oriented (Cannon and
.BSUJO  ɩF7FSUJ(DVUUJOHTESZFSGSPN.*48"$0JTBOFYBNQMFPGBWFSUJDBMNPVOUFE
DVUUJOHTESZFSɩF%VTUFSGSPN)VUDIJTPO)BZFTVUJMJ[FTBIPSJ[POUBMTDSFFODPOmHVSBUJPO
*OUIFUIFSNBMEFTPSQUJPOQSPDFTT DVUUJOHTBSFIFBUFEUPUIFEJTUJMMBUJPOUFNQFSBUVSFPGUIFCBTFPJM BOE
this temperature is maintained until essentially all of the oil is vaporized. When ﬁrst developed, thermal
desorption required large, ﬁxed onshore facilities because of space and energy requirements. A thermomechanical cuttings cleaner (TCC) system, also known as a hammermill system, has been successfully
used both onshore and oﬀshore. The cuttings powder resulting from this process typically has a
hydrocarbon content of <0.1%.
*OBEEJUJPOUPPĊTIPSFUSFBUNFOUBOEEJTQPTBM BMUFSOBUJWFTGPSEJTQPTBMPGESJMMDVUUJOHTJODMVEFDVUUJOHT
re-injection (CRI), or transport of the cuttings to shore for onshore treatment and/or disposal (i.e., shipto-shore). Signiﬁcant advancements have been made in the last decade with CRI. The process requires
intricate design and is subject to reservoir constraints. For ship-to-shore, a key safety concern is the
large number of crane lifts needed to transfer cuttings boxes between drilling rigs and onshore facilities.
Cuttings handling and transport also pose logistical challenges because of the limited storage space
available on oﬀshore drilling rigs.
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TECHNOLOGY PERFORMANCE
Drill cuttings treatment performance was based on information received from two major operators on Canada’s
East Coast from 2002 to 2007.
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in the Eastern Canada examples that were studied achieved 6.9% SOC between 2002 and 2007). It was
found that the per-well mass average %SOC was 8.46%.
'PVSFRVJQNFOUDPOmHVSBUJPOTBDDPVOUFEGPSEJTDIBSHJOHUIFHSFBUFTUXFJHIUPGDVUUJOHT0GUIFTFUPQ
four, the average %SOC ranged from 7.09 to 9.55.
%VSJOHTQFDJmDQFSJPETPGUSFBUNFOU B40$XBTBDIJFWFE)PXFWFS UIFBTTPDJBUFEUSFBUFENBTT
of cuttings discharged (less than 6.9% SOC) represented less than 10% of the total treated mass of 15
assessed wells.
0OFPQFSBUPSSFQPSUFEUIBUESJMMJOHPQFSBUJPOTDPOEVDUFEJOUIF/PWB4DPUJBPĊTIPSFJOXFSFBCMF
UPBDIJFWFUIF40$UISPVHIVUJMJ[BUJPOPGB7FSUJ(DVUUJOHTESZFS DPNCJOFEXJUITIJQUPTIPSF
USBOTQPSUPGTPNFESJMMJOHXBTUFT)PXFWFS UIFQSPWJEFEEBUBEJEOPUFOBCMFBTTFTTNFOUPGUIF7FSUJ(
cuttings dryer stand-alone performance.
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generally limited to within 500 metres of the discharge point. This area may be extended in production
drilling areas where volume and duration of discharges are greater. Available EEM studies indicate that
SBMs do not appear to have speciﬁc ecotoxicological eﬀects. Synthetic base ﬂuids typically do not contain
PAHs, and with the exception of barium, metal concentrations are usually similar to the range measured
in uncontaminated marine sediments.
4#.TBSFOPUFYQFDUFEUPCJPBDDVNVMBUFTJHOJmDBOUMZCFDBVTFPGUIFJSFYUSFNFMZMPXXBUFSTPMVCJMJUZ
and consequent low bioavailability. Their propensity to biodegrade further reduces the likelihood that
exposures will be long enough for a signiﬁcant bioaccumulative hazard to result. Cuttings discharged with
SBMs have resulted in smaller zones of impact on the sea ﬂoor, and the biological community recovers
NPSFSBQJEMZ 0(1 
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recovery occur within one to ﬁve years from cessation of discharges.

In summary, this study has concluded that technologies available for the treatment of drill cuttings have remained
essentially unchanged since 2002, with the exception of advances in cuttings dryers and thermal desorption
technologies. Performance of oﬀshore treatment systems for SBM drill cuttings from 2002 to 2007 rarely
achieved the 6.9% SOC concentration on a “per well” basis, based on the information reviewed. These results are
consistent with the USEPA ﬁndings in 2000 that also reviewed data from Canada. With some exceptions, the
environmental eﬀects on benthic communities from SBM drill cuttings discharge appear to be generally limited
to within 500 metres of the discharge point for exploration drilling. At sites where SBMs were used, ﬁeld studies
typically show that strong indications of recovery occur within one to ﬁve years from cessation of discharges.
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8.0 CLOSURE
This report has been prepared solely for the beneﬁt of the Environmental Studies Research Fund. The report may
not be used by any other person or entity without the express written consent of Environmental Studies Research
Fund and Jacques Whitford Stantec Limited.
Any use made of this report by a third party, and any reliance on decisions made on the basis of this report, are
the responsibility of such third parties. Jacques Whitford Limited accepts no responsibility for damages, if any,
suﬀered by any third party as a result of decisions made, or actions taken, based on this report.
The information and conclusions contained in this report are based on work undertaken by trained professional
and technical staﬀ in accordance with generally accepted engineering and scientiﬁc practices current at the time
the work was performed. Conclusions and recommendations presented in this report should not be construed as
legal advice.
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APPENDIX A
INTERNATIONAL REQUIREMENTS FOR DISCHARGE
OF DRILLING MUD & CUTTINGS
Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

Angola

s $ISCHARGE ALLOWED

s #UTTINGS DISCHARGE
allowed; muds are
reused.
s /IL ON CUTTINGS
measured; no limit
provided.
s .O OTHER PARAMETERS
measured.
s 'ROUP )) .!$& CUTTINGS
are discharged.

s #UTTINGS DISCHARGE
allowed; muds are
reused.
s /IL ON CUTTINGS
measured.

Australia

Discharge allowed
subject to 1% oil
limit, including
free oil and diesel
OIL AND  +#)
content of muds for
exploratory drilling.
Sampling required predischarge.
s /THER DRILLING WASTES
can be discharged as
long as they meet the
1% oil limit.
s 2ISK ASSESSMENTS
required by
regulator.
s /PERATORS DESCRIBE
the types of muds to
be used and may
make commitments
for additional testing
or monitoring in
environmental plans
that are submitted
to the government
and once accepted
become binding
requirements.
s &LOW RATE MONITORED
but not reported or
limited.
s 3OME DISCHARGERS
monitor Hg/Cd.

s  OIL LIMIT EFFECTIVELY
ELIMINATES DISCHARGE )N
W A, operators were
allowed approx. 15%
oil limit for low tox OBM
cuttings 2–3 years ago.
This exception would
most likely not be allowed
now.
s 2ESTRICTION ON mUIDS WITH
aromatics >1%.
s !T PRESENT IN 7ESTERN
Australia (WA) over 80%
of all wells are drilled
using WBF in all hole
sections. The remaining
wells are drilled using
WBF for the top hole
sections and non-WBF
in the 311 mm (12 1/4
inch) and/or 216 mm
(8 1/2 inch) bottom
hole sections. The use of
low toxicity OBF in the
bottom hole sections has
reduced from 10% of all
wells drilled in 1994 to
0% (as of mid-1998). The
use of SBF has remained
essentially the same over
the same period with
increasing proportion
of EBFs. Since the late
1980s, there has been
a trend towards the
increased use of more
technically advanced
WBFs.

s .O SPECIlC
regulatory language
concerning SBM.
s 7! REGULATOR SETS
a 10% dry weight
limit on SBM cuttings
discharges under
environmental plan
regulations.
s /PERATORS HAVE
discharged esters
AND )/ CUTTINGS WITH
requirements for
monitoring programs
determined on case
by case basis.
s %STERS SEEM TO
be acceptable
but more general
acceptability of SBM
not resolved.
s %NVIRONMENTAL
regulations for
offshore E&P
being overhauled
and may become
more detailed and
speciﬁc.
s %NHANCED MINERAL
oil-based cuttings
have been used in
the past in WA and
discharged.
s 7HERE THE USE
of SBF is accepted,
discharges to the
seabed are limited
to a maximum
amount of 10%
by dry weight of
base ﬂuid on drilled
cuttings for a 311
mm (12 1/4 inch)
HOLE SIZE
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Environmental
Monitoring
Requirements

s -ONITORING NOT
required but may be
in the future.
s /PERATORS MAY
make commitments
for monitoring in
environment plans
that are submitted
to the government
and once accepted
become binding
requirements.

Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

Environmental
Monitoring
Requirements

!ZERBAIJAN

s $ISCHARGE ALLOWED
as long as low
toxicity, acceptable
biodegradability mud
is used.
s #HLORIDE CONTENT
limited to less than
4 (or 2 for some
PSAs) times ambient
– Caspian Sea is 1/3
seawater salinity.
s &LOW RATE IS
estimated daily by
drilling logs and
reported monthly, but
is not limited.
s 0ERIODIC SAMPLING
for toxicity testing.
s "EFORE DRILLING MUD
program is assessed
for toxicity and
biodegradability.
s #HLORIDE CONTENT IS
monitored.
s $AILY INVENTORY
of discharged
mud additives is
maintained.
s /PERATORS
in inshore/
environmentally
sensitive areas have
more monitoring
requirements and more
stringent standards.
s 2EGULATORS LIKE TO
see MSDS for all
chemicals that can
be used, but no
certiﬁcation process
for each chemical.

s .O DISCHARGE OF mUID
or cuttings.
s )NJECTION OF CUTTINGS
being planned for
exploration wells.
s /NSHORE TREATMENT
(e.g., ﬁxation) and/or
landﬁlling being planned.
s 3OME OPERATORS TREAT
cuttings onshore;

s #UTTINGS FROM
synthetics may
be discharged.
Voluntary
commitments by
BP Amoco to
no discharge of
synthetic cuttings.
Operators expect
further restrictions,
primarily on
production drilling.
s .O DISCHARGE OF
SBM ﬂuids.
s $ISCHARGE OF
cuttings allowed
as long as a low
toxicity, acceptable
biodegradability
mud is used.
s 3OME OPERATORS
have a limit of
10% SBM ﬂuid on
cuttings.
s $ISCHARGE OF
enhanced-mineraloil-based ﬂuids
is not allowed,
discharge of
cuttings anticipated
to be allowed
as long as ﬂuids
have low toxicity
and acceptable
biodegradability
standards have not
been set.

s -ONITORING
requirements are
negotiated by each
operator as part of
the PSA, or through
THE %)!
s /PERATORS
are required to
conduct baseline
surveys prior
to commencing
operations (both
exploration and
production).
s 0OST DRILLING
surveys are required
as well and are
PROPOSED IN THE %)!
s /PERATIONAL
monitoring of
discharges
negotiated by each
operator as part of
PSA.
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Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

Bahrain

s -AY BE DISCHARGED
but cannot “contain
persistent systematic
toxins”

• 5SE OF 'ROUP ) OIL

s 'ROUP ))) 3"-S
esters, parafﬁns,
oleﬁns, PAH <
0.001%, Aromatic
< 0.5% - low) – Not
addressed

diesel/mineral oils
PAH 2.4% Aromatics
25% - high) and Group
)) ,4-/S 0!( 
0.35%. Aromatics
0.5-5% - medium) ﬂuids
requires express sanction
of the competent state
authority.
s .O WHOLE 'ROUP ) AND
'ROUP )) mUIDS CAN BE
discharged.
s .O 'ROUP ) AND
'ROUP )) INCLUDING
diesel) cuttings
should be discharged
except in exceptional
circumstances.
s %XPRESS SANCTION IS
requested for discharge
OF 'ROUP )) DRILL CUTTINGS
s .O DRILL CUTTINGS SHOULD
be deposited on the
seabed in a sensitive
area without the express
sanction of the competent
state authority.
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CAPELIN
EGGSA. Requirements for Discharge of Drilling Mud and Cuttings
Appendix
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

"RAZIL

s .O SPECIlC
regulatory language
concerning WBF.
s #URRENT PRACTICE IS TO
allow discharge.

s !LL DRILLING DISCHARGE
plans need to be
approved through
)"!-! )"!-! HAS
made it clear that there
will be greater scrutiny
of NAF discharges (than
those of WBFs).
s /"- NOT PERMITTED FOR
discharge.
s 5NLIKELY THAT LOW TOX
mineral oils would be
approved; enhanced
mineral oil based ﬂuids
possible.
s 0ETROBRAS CURRENTLY
discharging a highly
reﬁned parafﬁn mud.

s 3"- CUTTINGS HAVE
been discharged by
Petrobras.
s )NDUSTRY
workgroup
formulated
guidelines for
discharge approval
(laboratory testing
protocols for
biodegradability,
sediment
toxicity and
bioaccumulation)
and worked
with government
to develop a
framework for
obtaining approval
for use of synthetics.
s :ERO DISCHARGE IN
< 60 m water depth
and environmentally
sensitive areas;
monitoring
requirements that
vary by depth;
> 1,000 m: no
monitoring required;
60 m–1,000 m:
comprehensive
water column and
seabed monitoring;
NADF (SBM)
cuttings permitted
for discharge in
water depths >
60 m subject to
pre and post drill
toxicity tests on
organisms from four
different phyla and
lab tests of NABF
for biodegradation
(OECD 306
method), total PAH
concentration, and
bioaccumulation
potential (log Pow);
average < 9.4%
ROC for ester,
average < 6.9%
ROC for parafﬁn/
oleﬁn, Hg/Cd in
barite < 1/3 mg/
kg; < 1% formation
oil (by RPE).

Environmental
Monitoring
Requirements

Final Report: Cutting Treatment Technology Evaluation 67

Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

Environmental
Monitoring
Requirements

Canada

s 4HE  /FFSHORE
Waste Treatment
Guidelines allow the
discharge of water
based muds without restrictions but
encourage operators
to reduce the need for
bulk disposal of drilling ﬂuids.
s $ISCHARGE OF DRILL
cuttings associated
with WBMs is also
permitted.

s  /FFSHORE 7ASTE
Treatment Guidelines
require approval by
the Chief Conservation
Ofﬁcer for the use of
OBMs when it is not
technically feasible to use
WBMs or SBMs.
s 4HIS ONLY OCCURS UNDER
exceptional circumstances
and at no time can whole
OBMs be discharged to
sea.
s 4HE #HIEF #ONSERVATION
Ofﬁcer may grant
approval for the use
of enhanced mineral
oil based muds
(EMOBM), provided it
is environmental, and
safety performance can
be demonstrated to be
equivalent or better than
SBM.
s 7HOLE %-/"are not permitted to
be discharged at sea,
instead they must be
recovered and recycled,
re-injected, or transferred
to shore to be treated
and disposed of using an
approved method.
s $RILL CUTTINGS ASSOCIATED
with OBM are not
permitted to be disposed
of at sea; however drill
cuttings associated with
EMOBM are permitted
to be disposed of at
sea provided they have
been treated with best
available technology to
achieve an oil on cuttings
retention limit of 6.9%
wet weight.

s  /FFSHORE
Waste Treatment
Guidelines require
SBMs to have a PAH
concentration of <
10 mg/kg and be
able to biodegrade
under aerobic
conditions.
s 7HOLE 3"- ARE
not permitted to be
discharged at sea,
instead they must
be recovered and
recycled, re-injected,
or transferred to
shore to be treated
and disposed of
using an approved
method and must
have a PAH content
of < 10 mg/kg.
s $RILL CUTTINGS
associated with
SBMs are to be re
injected and where
this option may
not be technically
feasible, the cuttings
may be discharged
at sea provided they
have been treated
ﬁrst with the best
available technology
(BAT) ﬁrst to achieve
an oil on cuttings
retention limit of
6.9% wet weight.

• Environmental
effects and
compliance
monitoring is
required for
production drilling
per the Offshore
Waste Treatment
Guidelines.
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Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

Environmental
Monitoring
Requirements

China

s $ISCHARGE ALLOWED
s 5SE OF OIL SHALL BE
AVOIDED OR MINIMIZED
s 0RIOR TO DISCHARGE
the operator shall
notify the relevant
agency of oil containing water-based drilling ﬂuids and submit
sample.
s )F OIL CONTENT IS 
10%, discharge not
allowed.
s )F OIL CONTENT IS
< 10% and further
recovery difﬁcult,
upon relevant agency
approval, discharge is
allowed, but operator
shall pay a discharge
fee.
s 0RIOR TO DISCHARGE
dispersant shall not be
mixed with oil-containing water-based ﬂuids
for treatment.
s .O +#) RESTRICTIONS
known.
s &LOW RATE MEASUREments are at the
discharge pipe and
daily monitoring is
the responsibility of
the environmental
monitoring ofﬁce of
the operator. Flow rate
limits unknown.
s /THER MONITORING
requirements for other
drilling ﬂuid components unknown.
s $ISCHARGE OF
residual oil, waste oil,
oil-containing waste
and its residual liquids
and solids are prohibited. These wastes shall
be stored in special
containers for shipment to shore.
s /PERATOR SHALL
record in the Antipollution Record Book drilling mud, oil content
of cuttings, time of
discharge, and volume
of discharge.

s $ISCHARGE OF /"- CUTtings allowed; ﬂuids not
allowed.
s )F OIL CONTENT IS 
discharge not allowed.
s )F OIL CONTENT IS 
and further recovery
is difﬁcult, discharge
allowed after approval
from relevant agency,
but operator shall pay a
discharge fee.

s 2EGULATIONS
regarding discharge
of SBM ﬂuid/cuttings unknown.
s 'OVERNMENT
encouraging the use
of low toxicity ﬂuid.
Minor volumes,
when recovery is not
possible, may be
discharged subject
to an appropriate
discharge fee.

s .O DRILLING
monitoring
requirements for
exploratory drilling.
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Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Congo

s 5SE AND DISCHARGE
allowed

s .O SPECIlC
s 5SE AND DISCHARGE
requirements
allowed, except for
diesel-based drilling ﬂuids
and associated cuttings.
s !UTHORITIES REQUEST THAT
cuttings be subject to
mechanical treatment in
order to reduce amount
of ﬂuid discharged.

Denmark

s $ISCHARGE ALLOWED
subject to pre-approval
requirements for drilling ﬂuid chemicals

s $ISCHARGED ALLOWED
with limit of 1% oil on
cuttings, which is not
operationally attainable
with current technology.

s #ONSIDERED ON
a case by case
basis but no use at
present.

Equatorial Guinea

s $ISCHARGE ALLOWED

s $ISCHARGE ALLOWED

s $ISCHARGE ALLOWED
s /PERATORS
currently
discharging EMBF
(Certrex 67 special)

France

s 5SE AND DISCHARGE
allowed (permit
required)

s 5NDER /30!2 
discharge is subject to
limit of 1% oil on cuttings,
which is not operationally
attainable with current
technology.
s )T IS EXPECTED THAT AUthorities will not grant any
more discharge permits
for the Northeast Atlantic
or Mediterranean Sea.

s 5NDER /30!2
2000/3, cuttings
contaminated with
synthetic ﬂuids may
only be discharged
in exceptional circumstances.
s )T IS EXPECTED THAT
authorities will not
grant any more
discharge permits
for the Northeast
Atlantic or Mediterranean Sea.

Gabon

s 5SE AND DISCHARGE
allowed

s 5SE AND DISCHARGED
allowed, except for diesel
based drilling ﬂuids and
associated cuttings.
s !UTHORITIES REQUEST THAT
cuttings be subject to
mechanical treatment in
order to reduce amount
of ﬂuid discharged.

s .O SPECIlC
requirements
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Synthetic Based
Drilling Fluid
Cuttings

Environmental
Monitoring
Requirements

Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

)RAN

s -AY BE DISCHARGED
but cannot “contain
persistent systematic
toxins”

s 5SE OF 'ROUP ) AND
'ROUP )) REQUIRES EXPRESS
sanction of the competent
state authority.
s .O WHOLE 'ROUP ) AND
'ROUP )) mUIDS CAN BE
discharged.
s .O 'ROUP ) AND
'ROUP )) INCLUDING
diesel) cuttings should be
discharged except in exceptional circumstances.
s %XPRESS SANCTION IS
requested for discharge
OF 'ROUP )) DRILL CUTTINGS
s .O DRILL CUTTINGS SHOULD
be deposited on the
seabed in a sensitive
area without the express
sanction of the competent
state authority.

)TALY

s $ISCHARGE
allowed following
suitable regulatory
AUTHORIZATION

s $ISCHARGED ALLOWED
s .OT CONSIDERED
at less than 10% oil on
under current
cuttings.
(2003) regulations
s $ISCHARGE NOT PERMITTED
in Adriatic Sea.

+AZAKHSTAN

s .O DISCHARGE ALlowed per the Petroleum Law; Environmental Protection Norms
(for offshore, coastal
areas and internal
water bodies); and
Special Ecological
Requirements (for State
.ATURE 0RESERVE :ONE
in North Caspian).

s .O DISCHARGE ALLOWED
per the Petroleum Law;
Environmental Protection
Norms (for offshore,
coastal areas and
internal water bodies);
and Special Ecological
Requirements (for State
.ATURE 0RESERVE :ONE IN
North Caspian).
s /+)/# PRESENTLY USING
LTOBM and hauling
cuttings ashore for
thermal desorption and
ﬂuid recovery.

s .O DISCHARGE
allowed per the
Petroleum Law; Environmental Protection
Norms (for offshore,
coastal areas & internal water bodies);
and Special Ecological Requirements
(for State Nature
0RESERVE :ONE IN
North Caspian).

Environmental
Monitoring
Requirements

s /PERATORS
are required to
conduct baseline
surveys prior
to commencing
operations.
s -ONITORING
requirements are
stated in regulations
and further
negotiated by each
operator through the
%)! PROCESS
s 0OST DRILLING
surveys are required
for 2 consecutive
years.
s -ONITORING
requirements stated
in regs but are
negotiable.
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Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

Environmental
Monitoring
Requirements

Malaysia

s $ISCHARGE ALLOWED
s &LOW RATE IS
estimated but not
reported.
s $RILLING MUD MAKEUP
is monitored but not
reported.
s .O ADDITIONAL
monitoring
requirements.

s $ISCHARGED ALLOWED
s .O OIL LIMIT
s /PERATORS ARE USING
'ROUP )) .!$&S AND
discharging cuttings.

s /PERATORS ARE
using reﬁned
parafﬁns and low
toxicity OBM and
discharging cuttings.
No regulatory
action on SBM
CURRENTLY ON HORIZON
s .O OIL LIMIT

s .O DRILLING
monitoring
requirements;
voluntary
environmental
monitoring
sometimes
conducted as part
OF THE %)! APPROVAL
process.
s /NE TIME BASELINE
study of a new ﬁeld
AREA AS PART OF %)!
preparation.

Netherlands

s $ISCHARGE ALLOWED
subject to preapproval requirements
for drilling ﬂuid
chemicals. Preapproval requirements
include toxicity testing
according to OSPAR
protocols.

s 5NDER /30!2 
discharge is subject to
limit of 1% oil on cuttings,
which is not operationally
attainable with current
technology.

s 5NDER /30!2
2000/3, cuttings
contaminated with
synthetic ﬂuids may
only be discharged
in exceptional
circumstances.
s %XTENSIVE
monitoring
requirements
effectively prohibit
use.
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Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

Environmental
Monitoring
Requirements

Nigeria

s 4O DISCHARGE MUST
submit proof that mud
has low toxicity to
Director of Petroleum
Resources (DPR) with
permit application.
Discharges will be
treated to DPR’s satisfaction.
s $02 WILL EXAMINE
WBM to determine
HOW HAZARDOUS AND
toxic it is.
s #UTTINGS CONTAMINATed with WBM may be
discharged offshore/
deep water without
treatment.
s 3EE !PPENDIX ))) FOR
monitoring requirements.
s 3EE !PPENDIX ))) FOR
Generic Drilling Fluids
List showing components of drilling ﬂuids
that are regulated.

s 4O DISCHARGE MUST
submit proof that OBM
has low toxicity to DPR
with permit application.
Discharges will be treated
to DPR’s satisfaction.
s /"- MUST BE RECOVered, reconditioned and
recycled.
s /IL ON CUTTINGS  WITH
0% goal.
s /N SITE DISPOSAL IF OIL
content does not cause
sheen on the receiving
water.
s #UTTINGS SAMPLES SHALL
be analysed by Operator
as speciﬁed by DPR once
a day.
s 0OINT OF DISCHARGE AS
designated on the installation by shunting to the
bottom.
s $02 TO ANALYSE SAMPLES
at its own discretion for
TOXICHAZARDOUS SUBstances.
s /PERATOR TO CARRY OUT
ﬁrst post-drilling seabed
survey 9 months after 5
wells have been drilled.
Subsequent seabed surveys shall then be
carried out after a further
18 months or further
10 wells.
s /PERATOR MUST SUBMIT TO
DPR details of sampling
and analysis records
within 2 weeks of completion of any well.
s )NSPECTION OF OPERATIONS
shall be allowed at all
reasonable times.

s 3"- MUST BE
recovered, reconditioned, and
recycled.
s 3"- CUTTINGS MUST
contain 5% drilling ﬂuid or less for
discharge. (10% for
esters)
s 3PECIAL PROVISION
for higher retention limits has been
granted for some
deepwater wells.
s $ISCHARGE PROhibited in swamp
areas.
s $02 IS CONSIDERING
special considerations for exploration drilling and drilling in deep water.

s /PERATOR TO CARRY
out ﬁrst post drilling
seabed survey after
9 months or after
5 wells have been
drilled, whichever is
shorter. Subsequent
seabed surveys shall
than be carried out
after a further 19
months or 10 wells.
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Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

North Sea

s $ISCHARGE OF 7"is permitted given that
the oil content is less
than 1% by weight
and that it has passed
toxicity testing under
OSPAR 2000/3.
s 0ERSISTENCY 0  (ALF
life (T½) of 50 days
and
s ,IABILITY TO "IOaccumulate (B):
log Kow>=4 or
BCF>=500 and
s 4OXICITY 4 4AQ
acute L(E)C50=<1
mg/l, long-term
NOEC=<0.1 mg/l

s 4HE DISCHARGE OF /"on cuttings is limited to
1% by weight.

s 4HE DISCHARGE
of SBM on cuttings
exceeding 1% SOC
is only permitted
under exceptional
circumstances.

Norway

s $ISCHARGE ALLOWED
subject to pre-approval
requirements for all
drilling ﬂuid chemicals.
s -ONITORING OF
discharge sites may
be required. Pre approval requirements
include toxicity testing
according to OSPAR
protocols.
s .O +#) LIMITS
s &LOW RATE NOT MONItored or limited, but
calculation is made
of cuttings discharged
based on well dimensions and washout
factor.
s 3AMPLING IS DAILY
s $ISCHARGE OF OTHER
drilling wastes not
prohibited as long as
pre-approval occurs.
s ! DISCHARGE PERMIT
is required for cementing and completion
chemicals.
s $RILLING MUST MAKEUP
is monitored and
reported.

s 5NDER /30!2 
discharge is subject to
limit of 1% oil on cuttings,
which is not operationally
attainable with current
technology.

s 0ERMITTING DIScharge of a range
of synthetics for
development drilling
only.
s 3"- DISCHARGE
allowed only where
technical/safety considerations preclude
use of WBM.
s 3"- CONTENT OF
cuttings limited to
8–18%; operator is
required to set limit
based on properties
of formation.
s #HEMICAL MONItoring of cuttings
required annually;
biological monitoring required every 3
years.
s !PPLICATIONS FOR
approval require
testing according to
OSPAR format.
s /30!2 DECISION
2000/3 permits
'ROUP ))) CUTTINGS
discharge only
under exceptional
circumstances (for
Norway, likely to
mean only at those
sites where SBFs
have been previously discharged.
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Environmental
Monitoring
Requirements

s ! BASELINE SURVEY
is required prior to
initiation of production drilling activities.
s -ONITORING ACtivities are thereafter
required to be
performed every
3 years. Surveys
involve sampling
of sediment and
analysis for biological and chemical
properties.
s 'UIDELINES FOR
monitoring are
provided in the
1999 SFT document “Environmental monitoring of
petroleum activities
on the Norwegian
shelf guidelines” (in
Norwegian).
s 'UIDELINES FOR
CHARACTERIZING DRILL
cuttings piles have
been prepared by
the Norwegian oil
industry association
(OLF).

Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Oman

s -AY BE DISCHARGED
but cannot “contain
persistent systematic
toxins”

s 5SE OF 'ROUP ) AND
'ROUP )) REQUIRES EXPRESS
sanction of the competent
state authority.
s .O WHOLE 'ROUP ) AND
'ROUP )) mUIDS CAN BE
discharged.
s .O 'ROUP ) AND
'ROUP )) INCLUDING
diesel) cuttings should be
discharged except in exceptional circumstances.
s %XPRESS SANCTION IS
requested for discharge
OF 'ROUP )) DRILL CUTTINGS
s .O DRILL CUTTINGS SHOULD
be deposited on the
seabed in a sensitive
area without the express
sanction of the competent
state authority.

Qatar

s -AY BE DISCHARGED
but cannot “contain
persistent systematic
toxins”

s 5SE OF 'ROUP ) AND
'ROUP )) REQUIRES EXPRESS
sanction of the competent
state authority.
s .O WHOLE 'ROUP ) AND
'ROUP )) mUIDS CAN BE
discharged.
s .O 'ROUP ) AND
'ROUP )) INCLUDING
diesel) cuttings should be
discharged except in exceptional circumstances.
s %XPRESS SANCTION IS
requested for discharge
OF 'ROUP )) DRILL CUTTINGS
s .O DRILL CUTTINGS SHOULD
be deposited on the
seabed in a sensitive
area without the express
sanction of the competent
state authority.

Synthetic Based
Drilling Fluid
Cuttings

Environmental
Monitoring
Requirements

s .OT ADDRESSED
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Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

Russia3AKHALIN )SLAND

s )N 2USSIAS %XCLUSIVE
%CONOMIC :ONE
(beyond 12 mile
Territorial Sea of
Russia), control of all
discharges is through
the application of
receiving water
criteria or “maximum
permissible
concentrations”
(MPCs). All substances
discharged must
have certiﬁed MPCs
and must meet
these allowable
concentrations
at a distance of
250 m from the
discharge point.
The promulgation,
in 1998, of the Law
on the Territorial Sea
introduced uncertainty
regarding the legality
of ANY discharges
within the 12 mile
limit, at least in
the minds of some
Russian regulators.
The government of the
Russian Federation
is taking steps to
clarify the legal basis
for discharges to the
Territorial Sea (Decree
by former President
Putin).
s 4OXICITY TESTING ON
mud additives, lab
formulated muds
and used muds using
PROTOZOA MARINE
algae, acartia and
guppy at 20% salinity.
Sampling frequency
not speciﬁed several
times during drilling.
s -UD CONSTITUENTS
discharge rates, and
other parameters may
be regulated by the
Water-use Licence
process.

s 2EGULATORY DOCUMENTS
do not deal speciﬁcally
with oil based drilling ﬂuids; regulations currently
in draft form will prohibit
cuttings discharge if oil
based mud used.

s .OT YET DISCUSSED
with regulators
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Environmental
Monitoring
Requirements

Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

Saudi
Arabia

s -AY BE DISCHARGED
but cannot “contain
persistent systematic
toxins”

s 5SE OF 'ROUP ) AND
'ROUP )) REQUIRES EXPRESS
sanction of the competent
state authority.
s .O WHOLE 'ROUP ) AND
'ROUP )) mUIDS CAN BE
discharged.
s .O 'ROUP ) AND
'ROUP )) INCLUDING
diesel) cuttings should be
discharged except in exceptional circumstances.
s %XPRESS SANCTION IS
requested for discharge
OF 'ROUP )) DRILL CUTTINGS
s .O DRILL CUTTINGS SHOULD
be deposited on the
seabed in a sensitive
area without the express
sanction of the competent
state authority.

s .OT ADDRESSED

Spain

s 5SE AND DISCHARGE
allowed (permit
required)

s 5NDER /30!2 
discharge is subject to
limit of 1% oil on cuttings,
which is not operationally
attainable with current
technology.
s )T IS EXPECTED THAT AUthorities will not grant any
more discharge permits
for the Northeast Atlantic
or Mediterranean Sea.

s 5NDER /30!2
2000/3, cuttings
contaminated with
synthetic ﬂuids may
only be discharged
in exceptional
circumstances.
s )T IS EXPECTED
that authorities
will not grant any
more discharge
permits for the
Northeast Atlantic or
Mediterranean Sea.

s $ISCHARGE ALLOWED IF
<10% oil on cuttings.
Regulators are reviewing
existing practices

s .O SPECIlC
language
CONCERNING 'ROUP )))
NADFs.

Thailand

The Netherlands

s ,IMIT OF  OIL ON
s $ISCHARGE ALLOWED
subject to pre-approval cuttings—effectively
prohibits discharge.
requirements for drilling ﬂuid chemicals.
Pre-approval requirements include toxicity
testing according to
OSPAR protocols.

Environmental
Monitoring
Requirements

s %XTENSIVE
monitoring
requirements
effectively prohibit
use.
s 5NDER /30!2
2000/3, cuttings
contaminated with
synthetic ﬂuids may
only be discharged
in exceptional
circumstances.
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Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

Trinidad

s .O SPECIlC
restrictions against
offshore discharge and
has historically been
allowed.
s 5SE MUST BE
DISCLOSED IN %)!
which is approved by
the Ministry of Energy.
s )MPACT OF 7ATER
Pollution Rules
currently being
promulgated by EMA
is uncertain at this
time; will likely allow
discharge.

s .O SPECIlC RESTRICTIONS
against, but offshore
discharge unlikely to be
allowed by Ministry of
%NERGY -/% DURING %)!
approval process.
s .O OFFSHORE WELLS HAVE
been drilled with OBM in
several years, so Ministry
of Energy’s stance has not
been recently tested.
s )MPACT OF 7ATER
Pollution Rules currently
being promulgated by
EMA is uncertain at this
time; will likely not allow
discharge.

• No speciﬁc
restrictions against
offshore discharge
and has historically
been allowed.
s )MPACT OF 7ATER
Pollution Rules
currently being
promulgated by
EMA is uncertain at
this time.

UAE

s -AY BE DISCHARGED
but cannot “contain
persistent systematic
toxins”

s 5SE OF 'ROUP ) AND
'ROUP )) REQUIRES EXPRESS
sanction of the competent
state authority.
s .O WHOLE 'ROUP ) AND
'ROUP )) mUIDS CAN BE
discharged.
s .O 'ROUP ) AND
'ROUP )) INCLUDING
diesel) cuttings should be
discharged except in exceptional circumstances.
s %XPRESS SANCTION IS
requested for discharge
OF 'ROUP )) DRILL CUTTINGS
s .O DRILL CUTTINGS SHOULD
be deposited on the
seabed in a sensitive
area without the express
sanction of the competent
state authority.

s .OT ADDRESSED
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Environmental
Monitoring
Requirements

Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

Environmental
Monitoring
Requirements

UK

s $ISCHARGE ALLOWED
subject to pre-approval
requirements for
drilling ﬂuid chemicals.
Pre-approval requirements include toxicity
testing according to
OSPAR protocol.

s ,IMIT OF  OIL ON
cuttings effectively
prohibits discharge
s 0RACTICE IS TO INJECT
cuttings or return to shore
and recover oil.

s 0HASING OUT USE
of all but ester
based synthetics.
)NDUSTRY EXPECTS
further restrictions on
esters. Discharge of
non-ester ﬂuids will
likely cease at end
of 2000.
s (OWEVER /30!2
200/3 decision
PERMITS 'ROUP ))) CUTtings discharge only
under exceptional
circumstances.
s 4HE 5+ GOVERNment has made it
clear that there will
be no exceptional
circumstances arising that would lead
to discharge of SBM
cuttings.

s /30!2
requirements
s 2EQUIREMENTS FOR
seabed monitoring
following discharge
of SBM cuttings;
data used in
conjunction with
laboratory data
to determine ﬂuid
acceptability.

United States
California (EUSA)

s $ISCHARGE ALLOWED
beyond coastal waters
(3 mi).
s LBBBL IN %0!
generic mud #1.
s &LOW RATE IS
monitored and
maximum annual
discharge cannot
exceed 215,000 bbl.
s (G#D  PPM
s .O FREE OILDIESEL
waste oil as by static
sheen test.
s .O CHROME
lignosulfonate.
s  HR ,#
SPP >3%. Weekly
sampling; at least 1
tox. Test of each mud
system. Mud sample
must be at 80% or
greater of ﬁnal depth
for each mud system.
s 3PECIAL RESTRICTIONS
for environmentally
sensitive areas.
s 3POTTING mUIDS
must meet toxicity
requirements.
s $RILLING MUD MAKEUP
monitored and
reported.

s $ISCHARGE PROHIBITED
s $ISCHARGE OF ENHANCED
mineral-oil-based mud/
cuttings prohibited.
s 0RACTICE IS TO INJECT
OBM cuttings.

s .OT SPECIlCALLY
mentioned in
current permit;
under discussion for
regional permit.
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Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

Synthetic Based
Drilling Fluid
Cuttings

Environmental
Monitoring
Requirements

United States
GOM (EUSA)

s $ISCHARGE ALLOWED 
3 miles, not allowed <
3 miles.
s 4OXICITY LIMIT
EFFECTIVELY LIMITS +#)
content.
s &LOW RATE IS
estimated hourly
during discharge.
s &LOW RATE IS
estimated hourly
during discharge.
s &LOW RATE IS LIMITED
in biologically sensitive
areas.
s 4OXICITY  HOUR
LC50 of suspended
particulate phase >
30,000 ppm.
s  PPM (G#D IN
barite; tested in stock
barite.
s -UST KEEP A
chemical inventory
and track mass/
volume of all mud
constituents.
s .O FREE OIL AS
measured by static
sheen test.
s 4OXICITY TESTING
monthly. By Exxon
choice, testing every
time mud system
changed. Static sheen
testing is performed
weekly.
s 3POTTING PILLS MAY
not be discharged.
s .O OTHER
components regulated.

s $ISCHARGE NOT ALLOWED
s /"- CUTTINGS ARE
typically landﬁlled.
s %XXON TYPICALLY
rents OBM; pays for
the volume that is not
returned. Cuttings are
treated to carrying
degrees onshore and
either injected or
landﬁlled.

s '/- ALLOWS
discharge of SBM
cuttings subject to
essentially the same
restrictions as water
based mud.
s %ASTERN '/additional restriction
of no discharges
within 1,000 m of
Areas of Biological
Concern and ocean
disposal sites.
s #ENTRAL AND
Western GOM
additional restriction
of no discharges
within Areas of
Biological Concern
and controls the
discharge rate
within 544 m of
these areas.
s /NLY MUD
associated with
cuttings may
be discharged.
Currently, spills of
SBM are treated as
oil spills.

s #OMPLIANCE
monitoring as
detailed. No
requirements for
routine scabbed
monitoring.
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Appendix A. Requirements for Discharge of Drilling Mud and Cuttings
Country

Water Based
Drilling Fluids
and Cuttings

Oil Based Drilling
Fluid Cuttings

United States

s $ISCHARGE PROHIBITED
s #OASTAL 7ATERS
(e.g., inland canals
and enclosed bays).
Discharge prohibited
except for Alaska.
Alaskan coastal
waters subject to same
regulations as offshore
waters.
s /FFSHORE 7ATER
Discharge allowed
subject to:
s   MI FROM SHORE
(except Alaska where
> 3 mi restriction does
not apply).
s ,IMIT OF (G#D IN
barite (1/3 ppm)
s .O FREE OIL STATIC
sheen test)
s .O DIESEL OIL
s $ISCHARGE RATE
<1000 bbl/hr
s &URTHER RESTRICTION ON
rate in areas of special
biological sensitivity.

Vietnam

s $ISCHARGE ALLOWED
s .O STIPULATIONS ON
+#)
s 4OXICITY REQUIREMENTS
not stipulated concretely.
s )N GENERAL OIL CONtent should be lower
than 1%.
s !NY USE OF DRILLING
ﬂuids, toxic and/or
HAZARDOUS CHEMICALS
must be approved by
regulatory agency in
advance.
s $RILLING MUD MAKEUP
is monitored and
reported as drilling
mud components in
%)! REPORT

s $ISCHARGE PROHIBITED 
3 nautical miles. 1% oil
limit (possibly extended
in certain cases) for areas
beyond 3 nautical miles.
s 5SE OF DIESEL BASED
drilling ﬂuids is totally
prohibited.

Synthetic Based
Drilling Fluid
Cuttings

Environmental
Monitoring
Requirements

s #URRENT STATUS
s #ENTRAL AND
Western GOM:
Central and
Western GOM
additional restriction
of no discharges
within Areas of
Biological Concern
and controls the
discharge rate
within 544 m of
these areas.
Eastern GOM:
Eastern GOM
additional restriction
of no discharges
within 1,000 m of
Areas of Biological
Concern and ocean
disposal sites.
California:
Discharges not
allowed.
Alaska: Discharges
not allowed.
s %0! DEVELOPING
speciﬁc guidelines
for SBM cuttings
discharge.
s .O STIPULATIONS
regarding SBM
cuttings. May have
same restrictions as
OBM cuttings.

s $RILLING MONITORing requirements
are only generally
stipulated.
s /PERATOR MUST
carry out environmental monitoring
and implementation of a program
of environmental
supervision in accordance with the
Ministry of Science,
Technology and Environment (MOSTE)
decision approving
THE %)! OF A PROJECT
or facility.
s -ONITORING
requirements such
as baseline and
impact assessment
studies are carried
out as stipulated in
the proposed and
APPROVED %)!
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APPENDIX B
SUMMARY OF RECENT MUD AND CUTTINGS
OFFSHORE DISCHARGE EEM STUDIES
SUMMARY OF RECENT POST2001 EEM RESULTS
The study team undertook a review of various studies and environmental eﬀects monitoring (EEM) programs
that have been published since the previous CAPP (2001) background document on oﬀshore drilling mud and
cuttings discharges. Continental Shelf Associates Inc. (CSA), based in Florida, USA, provided a signiﬁcant
contribution to this assessment.
In order to summarize the vast amount of data and update current knowledge on this subject, the team focused
on the following 10 recent and key representative papers/studies:
t
t
t

t
t
t
t
t
t
t

8IJUF3PTF&OWJSPONFOUBM&ĊFDUT.POJUPSJOH1SPHSBNo3FTVMUT )VTLZ&OFSHZ  
2007)
64.JOFSBMT.BOBHFNFOU4FSWJDF ..4 4UVEZPGUIF&ĊFDUTPG0JMBOE(BT&YQMPSBUJPOBOE
Development at Selected Continental Slope Sites in the Gulf of Mexico (CSA, 2006)
3JTLT"TTPDJBUFEXJUI%SJMMJOH'MVJETBU1FUSPMFVN%FWFMPQNFOU4JUFTJOUIF0ĊTIPSF&WBMVBUJPOGPS
the Potential of an Aliphatic Hydrocarbon Based Drilling Fluid to Produce Sedimentary Toxicity and
for Barite to Be Acutely Toxic to Plankton (Payne et al., DFO, 2006)
&OWJSPONFOUBM&ĊFDUTPG&YQMPSBUPSZ%SJMMJOH0ĊTIPSF$BOBEB&OWJSPONFOUBM&ĊFDUT.POJUPSJOH
%BUBBOE-JUFSBUVSF3FWJFXo'JOBM3FQPSU )VSMFZBOE&MMJT 
(VMGPG.FYJDP$PNQSFIFOTJWF4ZOUIFUJD#BTFE.VET.POJUPSJOH1SPHSBN $4" 
."1&.1SPKFDU&OWJSPONFOUBM.POJUPSJOHPG0ĊTIPSF%SJMMJOHGPS1FUSPMFVN&YQMPSBUJPO0ĊTIPSF
Brazil (MAPEM, 2004)
*NQBDU"TTFTTNFOUBOE#FOUIJD3FDSVJUNFOU'PMMPXJOH&YQMPSBUJPO%SJMMJOHJOUIF4PVUI$BTQJBO4FB
(Tait et al., SPE, 2004)
&OWJSPONFOUBM"TQFDUTPGUIF6TFBOE%JTQPTBMPG/PO"RVFPVT%SJMMJOH'MVJET"TTPDJBUFEXJUI
0ĊTIPSF0JM(BT0QFSBUJPOT 0(1
"TTFTTNFOUPG&OWJSPONFOUBM*NQBDUTGSPN%SJMMJOH.VETBOE$VUUJOHT%JTQPTBM0ĊTIPSF#SVOFJ
(Sayle et al., SPE, 2002)
-BCPSBUPSZ&YQPTVSFTPG*OWFSUFCSBUFBOE7FSUFCSBUF4QFDJFTUP$PODFOUSBUJPOTPG*" 1FUSP
Canada) Drill Mud Fluid, Production Water and Hibernia Drill Mud Cuttings (Payne et al., DFO,
2001)

These reports represent a total of over 100 well site studies, the key ﬁndings of which are summarized below.

82 Final Report: Cutting Treatment Technology Evaluation

Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Study:
White Rose Environmental Effects
Monitoring Program: 2005–2008
Results (Husky Energy, 2006, 2007,
2008)

Description:
The White Rose oilﬁeld is 350 km east–southeast of St. John’s,
Newfoundland. Water depths range from about 118 m to 123 m. As
PART OF THE %NVIRONMENTAL )MPACT 3TATEMENT %)3 FOR THE PROJECT (USKY
Energy committed to a comprehensive Environmental Effects Monitoring
(EEM) Program. Baseline sampling was conducted in 2000 and 2002,
and EEM surveys were conducted in 2004, 2005, 2006 and 2008.
Up to the time of the 2006 survey, the following drilling discharges had
been made: WBM Cuttings (7,198,338 MT); WBM (10,433 m3); SBM
Cuttings (18,247 MT); SBM (1,947 m3); and completion ﬂuids (3,149
m3). The 2008 report integrates all of the ﬁndings to date. The White Rose
EEM focused on sediment quality and commercial ﬁsh species. Sediment
quality studies focused on chemical and physical characteristics, sediment
toxicity and assessment of benthic community structure. Commercial ﬁsh
studies included measurement of body burden, taint, morphometric and life
history characteristics for a common ﬂatﬁsh species (American plaice) and
a commercial shellﬁsh species (snow crab), and measurement of various
health indices for American plaice. The number of sediment stations varied
among years: 48 in 2000 (baseline), 56 in 2004, 44 in 2005, 59 in 2006,
and 47 in 2008; however, 37 stations were common to all surveys. The
EEM program included reference stations at 28 km from the centre of the
development, one station along the north axis at approximately 8 km from
the centre of the development, and transects radiating from the three drill
centre stations (Northern, Central and Southern) as well as the planned North
Amethyst drill centre (representing a total study area of approx. 1,200 km2).
Commercial ﬁsh were also sampled in the vicinity of the drill centres (Study
Area) and at more distant Reference Areas (control-impact design). Tissue
samples were analysed for chemical body burden and taste.

Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s 3EDIMENTS WERE UNIFORMLY SANDY
(usually more than 90% sand) with
low ﬁnes and gravel content. TOC
content was also low, usually less
than 0.1%. Drilling discharge effects
ON SEDIMENT GRAIN SIZE AND 4/#
content were weak.
s /VER ALL STATIONS lNES CONTENT
decreased signiﬁcantly with
increasing distance from the nearest
drill centre and increased with
increasing depth. The depth effects
were not signiﬁcant for 2006,
although they were reportedly
signiﬁcant and stronger than distance
effects in past years.
s 4/# CONTENT INCREASED WITH DEPTH
and decreased with increasing
distance from the nearest drill centres.
Depth effects were signiﬁcant, but
distance effects were not.
s 4WO DRILLING MUD TRACERS WERE
used to assess the extent of drilling
discharge impacts on bottom
sediments: barium and >C10-C21
hydrocarbons (an indicator of SBMs).

s )N GENERAL EFFECTS IN LABORATORY
toxicity tests were sporadic and
unpredictable. None of the 252
sediment samples collected to date
were toxic to bacteria.
s )N THE AMPHIPOD TESTS SURVIVAL
was always greater than 70% and
usually greater than 80%. However,
the number of stations with samples
considered toxic to amphipods has
increased over time: 0 in 2000 and
2004; 1 in 2005; 3 in 2006, 8 in
2008. Stations with low survival in
the amphipod test were closer to
drill centres (within 5 km) than most
stations, but other stations near drill
centres with elevated tracer levels
had high amphipod survival.
s
)N  AND IN PREVIOUS
years, there were no detectable
project effects on many benthic
invertebrate community summary
measurements, including richness,
diversity and evenness. However,
standing crop (extending to 1.5
km from source), total abundance,
overall community composition,
polychaete dominance, Paraonidae
(Polychaeta) abundance (extending

s 4HERE WAS CLEAR EVIDENCE THAT
concentrations of two drilling mud
tracers (barium and >C10-C21
hydrocarbons) were elevated by
drilling activity near drill centres.
s "ARIUM CONTAMINATION EXTENDED TO
2 km from source, and >C10-C21
hydrocarbon contamination extended
to 10 km from source.
s %VIDENCE FOR OTHER SEDIMENT EFFECTS
was more equivocal (ﬁnes content,
sulphur and sulphide concentrations)
or lacking (TOC, metals other than
barium).
s /VERALL BARIUM CONCENTRATIONS
from stations sampled in all sample
years progressively increased over
time.
s /VERALL CONCENTRATIONS OF
>C10-C21 hydrocarbons were a
better indicator of drilling activity for
White Rose than barium.
s $ISTANCE GRADIENTS WERE STEEP
in all years, with hydrocarbon
concentrations decreasing by 100 to
1,000 fold over 10 km.
s !LTHOUGH INCREASES IN AMPHIPOD
toxicity may suggest project effects,
any effects have largely been
unpredictable in time and space.
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s "ARIUM CONCENTRATIONS DECREASED
signiﬁcantly with distances from the
Southern and Central drill centres
after drilling began at these two
centres. However, there was no
evidence of contamination from the
Northern drill centre after drilling
began at this centre.
s 4HE ESTIMATED ZONE OF INmUENCE
for barium was 2.4 km from the
nearest drill centre in 2008. Weak
directional effects were noted for
both tracers in 2006, with dispersion
primarily to the southeast within 1 km
from the Southern and Central drill
centres. This is consistent with current
patterns.
s )N THE  SAMPLES HYDROCARBON
concentrations decreased
signiﬁcantly with increasing distances
from the Northern and Southern drill
centres. For the Central drill centre,
concentrations
did not decrease with increasing
distance in 2004, but did in 2005,
2006 and 2008.
s #ONCENTRATIONS IN   AND
2008 were greater than in 2004.
4HE ESTIMATED ZONE OF INmUENCE FOR
>C10-C21 hydrocarbons in 2006
was 6 km from the nearest drill
centre, and 10 km in 2008.
s 4HE 7HITE 2OSE PROGRAM ALSO
included analysis of sediment
samples for a suite of PAHs. All of the
concentrations were below reportable
detection limits.
s )N  AND PAST YEARS THERE
was some evidence of decreases in
sulphur concentrations with distance
FROM THE DRILL CENTRES )N 
sulphide levels were elevated at a
few (four) stations near drill centres
USUALLY WITHIN  M  )N  AND
2005, most sulphide concentrations
were below reportable detection
LIMITS )N  SULPHUR AND TO SOME
extent sulphide, concentrations were
elevated within 0.5 km to 1 km of
drill centres.
s )N  REDOX LEVELS INCREASED
with distance from drill centres and
decreased with increasing tracer
concentration. This was not noted in
2006.

4 km from source) and Amphipoda
abundance were affected by project
activity. The affected variables and
the strength of effects varied among
post-drilling years and among
drill centres, and there have been
few consistent response patterns.
However, it is reasonable to conclude
that at least some taxa were affected
in every post-drilling year.
s %STIMATED ZONES OF EFFECTS FOR
polychaete dominance, overall
community composition and
Paraonidae abundance were
APPROXIMATELY  KM TO  KM )N
2005, effects on Amphipoda
appeared to extend to even greater
distances. However, these effects
were considerably weaker in 2006,
and Amphipoda were a relatively
small component of the invertebrate
COMMUNITY )N  THE SPATIAL
extent of effects on total abundance
and abundance of amphipods and
the polychaete Spionidae could not
be estimated because relationships
with distance from source were weak.
s /VERALL THE ZONE OF EFFECTS ON
benthic invertebrates (1 km to 5 km
from source) extended beyond the
 M ZONE OF EFFECTS PREDICTED
IN THE 7HITE 2OSE %)3 4HE CAUSAL
mechanism is not clear. Elevated
barium concentrations are unlikely to
be the direct cause of any observed
effects because effects occurred
within the background range of
barium concentrations.
s )N TERMS OF HYDROCARBON
toxicity, estimated thresholds for
in situ effects on polychaetes and
Amphipoda in 2005 and 2006
were generally towards the lower
end of the 1 mg/kg to 10 mg/
kg range, or approximately three
orders of magnitude below the
laboratory effects threshold. Given
the differences between ﬁeld
measurements and laboratory
measurements, reduced ﬁeld
abundances are probably not due
to direct acute toxicity. The report
suggests that community effects
could be due to indirect effects,
chronic toxicity involving longer
term exposure, or some correlate of
hydrocarbon concentrations.

s 4HE ZONE OF EFFECTS ON BENTHIC
invertebrates extended to 1 km to 5
km from source.
s ! SAFE CONCLUSION BASED ON ALL
sample years is that effects on
Paraonidae (Polychaeta) abundance
extend to at least 1–2 km and
possibly to 5 km.
s &ROM  TO  TOTAL
abundance was approx. 20%–40%
lower at stations within 2 km from
active drill centres.
s (OWEVER THERE WERE NO DETECTABLE
project effects on many benthic
invertebrate community summary
measurements, including richness,
diversity and evenness (and standing
crop when all years data are
considered).
s 4HE AFFECTED VARIABLES AND THE
strength of effects varied among
post-drilling years and among drill
centres, and there have been few
consistent response patterns.
s )N CONTRAST TO THE DOCUMENTED
sediment contamination and benthic
invertebrate effects, no effects on
commercial ﬁsh were identiﬁed.
s 4HE 7HITE 2OSE PROGRAM ALSO
included analysis of metals and
PAHs in tissue samples from snow
crab and American plaice, with no
tissue contamination noted for either
species.
s .O OTHER PROJECT RELATED TISSUE
contamination was noted for snow
crab or American plaice. Neither
resource was tainted, and American
plaice health was similar between
White Rose and more distant
Reference Areas.
s 3URVIVAL IN TOXICITY TESTS WAS
not signiﬁcantly correlated
with >C10-C21 hydrocarbon
concentrations in any post-drilling
year, and correlations with various
distance measurements were weak
and usually not signiﬁcant.
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s 4HE 7HITE 2OSE MONITORING
program (Husky Energy, 2006–
2007) included collection of
sediment samples for a suite of
metals (aluminum, antimony, arsenic,
barium, beryllium, cadmium,
chromium, cobalt, copper, iron,
lead, lithium, manganese, mercury,
molybdenum, nickel, selenium,
strontium, thallium, tin, uranium,
VANADIUM AND ZINC  2ESULTS SHOWED
that concentrations of metals other
than barium were unaffected by
drilling.

s .O CONCLUSIVE RESULTS WERE NOTED
for crab biological characteristics
SIZE AND MOULT FREQUENCY 
Continuing through 2008, taste
tests detected no difference between
Reference and Study Area snow
crab and American plaice (i.e., no
indication of taint). No drilling-related
effects on gross pathology, including
external and internal abnormalities,
or hematology were detected.
s -ETALS CONCENTRATIONS IN SNOW
crab claws and American plaice
livers and ﬁllets from the Study Area
were generally similar to or lower
than Reference Area concentrations
in 2004, 2005, 2006 and 2008.
There were some signiﬁcant
differences among Reference Areas.
Hydrocarbons were not detected in
snow crab claws, and hydrocarbons
detected in American plaice livers
were attributed to naturally occurring
fatty acids (e.g., glycerol) or sample
contamination on board the sampling
vessel.

s 4HE ESTIMATED SPATIAL EXTENT OF
effects was generally less extensive
THAN THE ZONE OF CHEMICAL INmUENCE
and within the range seen in other
comparable studies in the North Sea.
s #ONCENTRATIONS OF SEDIMENT METALS
other than barium were unaffected by
drilling.
s "ASED ON THE RESULTS TO DATE IT IS
recommended that the next EEM
sampling program take place in
2010.
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Study:
US Minerals Management Service
(MMS) Study of the Effects of Oil and
Gas Exploration and Development at
Selected Continental Slope Sites in
the Gulf of Mexico (CSA, 2006)

Description:
A monitoring study was conducted between November 2000 and August
2002 to assess benthic impacts of drilling at four sites on the Gulf of Mexico
continental slope. The MMS Monitoring Study (Continental Shelf Associates,
)NC  INCLUDED COLLECTION OF BOX CORE SAMPLES FOR ANALYSIS OF METALS
and hydrocarbons in the top 2 cm of sediments. The analysis included data
for 13 metals in sediments: aluminum, arsenic, barium, cadmium, chromium,
COPPER IRON LEAD MERCURY MANGANESE NICKEL VANADIUM AND ZINC "AITED
traps were used to collect benthic macrofauna for analysis of 11 metals
(all of the above except aluminum and manganese). Sediment and tissue
samples were also analysed for the presence of PAHs. Study sites ranged in
water depth from 1,034 m to 1,125 m and represented a range of drilling
activities. Each of the four study locations consisted of a single near-ﬁeld
site and six far-ﬁeld (“reference”) sites. The near-ﬁeld sites were centred
on well locations, and the far-ﬁeld sites were 10 km to 25 km away in the
same water depths. Although previous wellsites were avoided to the extent
practicable, most far-ﬁeld sites had at least one previous well drilled within
10 km. Both water-based muds (WBMs) and SBMs were used at varying
amounts during drilling at all four sites. SBMs used during this study included
internal oleﬁns such as Novaplus, Novadril or Syn-Teq; Petrofree LE, a linearalpha-oleﬁn; and Petrofree ester. The interval between cessation of drilling
and the date when the surveys began ranged from 5 months to about 2
years.

Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s .EAR lELD CONCENTRATIONS OF
arsenic, cadmium, chromium, copper,
LEAD MERCURY AND ZINC WERE ELEVATED
in some near ﬁeld sediment samples,
as compared with far ﬁeld samples.
Generally, elevated concentrations
of these metals were associated
with high barium concentrations
(i.e., drilling mud). However, these
elevated concentrations are within
the expected range of background
concentrations for uncontaminated
marine sediments.
s 2ELATIVELY LOW CONCENTRATIONS OF
aluminum, iron, nickel and vanadium
were measured in some near ﬁeld
samples and were attributed to
dilution of ambient sediments with
barite, which contains no signiﬁcant
amounts of these metals. Also,
concentrations of manganese were
lower and more variable at near
ﬁeld sites, a result attributed to
reductive dissolution of this metal
at stations where the presence of
drilling discharges created reducing
conditions.
s #ALCULATIONS IN THE REPORT INDICATE
that the mercury concentrations in
barite deposited at the study sites
were in line with USEPA regulations,
which allow a maximum level of 1
mg/kg in stock barite.

s .EAR lELD SITES HAD PATCHY ZONES
of disturbed benthic communities,
including microbial mats, areas
lacking visible benthic macroinfauna,
ZONES DOMINATED BY PIONEERING
stage assemblages, and areas
where surface-dwelling species were
selectively lost.
s -ACROINFAUNAL AND MEIOFAUNAL
densities generally were higher near
drilling, although some faunal groups
were less abundant in the near-ﬁeld
(amphipods, ostracods).
s !MPHIPOD DENSITIES IN THE NEAR
ﬁeld were negatively correlated
with drilling mud indicators.
Generally, near-ﬁeld stations with
high concentrations of drilling
mud indicators had low amphipod
densities.
s 3EPARATELY ACUTE TOXICITY TESTS
showed that mean amphipod survival
was signiﬁcantly lower in sediments
from near-ﬁeld stations than in
sediments from far-ﬁeld stations.
Amphipod survival in the toxicity
tests was negatively correlated with
drilling mud indicators.
s $ETAILED TAXONOMIC ANALYSIS
of a subset of the macroinfaunal
samples showed some stations near
drilling had lower diversity, lower
evenness and lower richness indices,
compared with stations away from
drilling. Species composition varied
in relation to both geographic
location and drilling impacts.

s 0HYSICAL CHEMICAL AND BIOLOGICAL
impacts of drilling activities were
detected at all four sites. Cuttings
and drilling mud accumulations were
evident mainly within the 500-m
RADIUS NEAR lELD ZONE AT ALL FOUR
sites, though there was geophysical
and chemical evidence for deposits
extending beyond this area.
s )MPACTS NOTED WITHIN THE NEAR lELD
ZONE INCLUDED ELEVATED BARIUM AND
TOC concentrations, low sediment
oxygen levels, presence of microbial
mats, and altered densities of
meiofauna, macroinfauna, and
megafauna. Within the near-ﬁeld
ZONE IMPACTS WERE PATCHY WITH
some stations showing conditions
similar to those at the far-ﬁeld sites.
s !T ALL FOUR NEAR lELD SITES IMPACTS
were patchy, with some stations
showing conditions similar to those at
THE FAR lELD SITES )MPACTS GENERALLY
were less extensive and less severe at
post-exploration sites than at postdevelopment sites.
s )MPACTS ATTRIBUTABLE TO 3"cuttings, such as elevated TOC, poor
redox conditions and associated
biological changes, were least
severe at the site where the smallest
quantities of SBM cuttings were
discharged. However, the time
elapsed since drilling also was longer
at this site (about 2 years) than at the
other three sites (5 to 14 months),
and the less severe impacts may
reﬂect recovery of this site over time.
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s 7ITH TWO EXCEPTIONS SEDIMENT
PAH concentrations in the top 2
cm of sediments were relatively
low, ranging from 43 ng/g to 748
ng/g dry wt. However, two samples
at one development site (Garden
Banks Block 516) had much higher
concentrations (3,470 ng/g and
23,840 ng/g). Both of these stations
were within 300 m from the wellsites.
The report suggests the PAHs
came from some other drilling or
production activity rather than drilling
discharges.
s 'EOPHYSICAL AND CHEMICAL
measurements indicated that a layer
of SBMs and cuttings was deposited
mainly within the 500-m near-ﬁeld
radius. Geophysically mapped mud
AND CUTTINGS ZONES RANGED FROM 
ha to 109 ha in area, with larger
ZONES OBSERVED AT POST DEVELOPMENT
sites.
s 4HESE ZONES TYPICALLY EXTENDED
several hundred metres from wellsites,
with the greatest extent (about 1 km)
observed at two post development
sites. Cuttings deposits were
estimated to be up to 45 cm thick at
one site.
s !REAS OF 3"- CUTTINGS DEPOSITION
were associated with elevated total
organic carbon (TOC) and anoxic
conditions, including low dissolved
oxygen, negative Eh, and shallow
DEPTH OF THE OXIDIZED LAYER
s 3ITES WITH LARGER VOLUMES OF 3"cuttings discharges had the greatest
reduction in mean sediment oxygen
levels.

s 3TATIONCRUISE GROUPS MOST LIKELY
affected by drilling were dominated
by high abundances of one or a few
deposit-feeding species, including
known pollution indicators.
s !NNELID PREDOMINANTLY POLYCHAETE
and gastropod densities in the nearﬁeld were positively correlated with
drilling mud tracers. Some near-ﬁeld
stations had elevated polychaete
densities. A few near-ﬁeld stations
had very high gastropod densities.
s -EIOFAUNAL DENSITIES IN THE NEAR
ﬁeld were not consistently correlated
with drilling mud tracers or other
SEDIMENT VARIABLES 4/# GRAIN SIZE
fractions).
s !MONG MEGAFAUNA INCREASED
ﬁsh densities and reduced ophiuroid
densities were noted in the near ﬁeld
of two sites.
s #ONCENTRATIONS OF  METALS
(arsenic, barium, cadmium,
chromium, copper, iron, lead,
MERCURY NICKEL VANADIUM AND ZINC
were determined in samples of giant
isopod Bathynomus giganteus and
red crab Chaceon quinquedens from
near ﬁeld and far ﬁeld stations at two
development sites.
s 4HE MOST CONSISTENT lNDING IN THE
metals data was elevated barium in
isopods from one site and in crabs
from both sites. The only other metal
with more than one signiﬁcant result
was chromium (elevated in isopods
from one site and crabs from the
OTHER  )N THE CASE OF ALL OTHER METALS
there were either contradictory
ﬁndings between sites (cadmium and
vanadium in crabs); metals were
signiﬁcant in only one organism at
one site (lead in isopods); metals
were higher at far ﬁeld sites (arsenic,
COPPER NICKEL AND ZINC IN CRABS
cadmium and mercury in both
isopods and crabs); or there were no
signiﬁcant differences (iron).
s )NDUSTRIAL BARITE AND ITS TRACE
components) used in drilling muds
typically has low bioavailability to
marine organisms. The elevated
barium concentrations detected
in isopods and crabs may reﬂect
small amounts of sediment particles
retained in the gut.

s 4HE SEVERITY OF DISCHARGE RELATED
impacts varied, depending on the
volume of SBM cuttings discharged
and the time elapsed since drilling
was completed.
s #ONCENTRATIONS OF DRILLING MUD
tracers were elevated by several
orders of magnitude within near-ﬁeld
sites and were positively correlated
with estimated discharge volumes of
SBM cuttings.
s /BSERVATIONS FROM THE STUDY SITES
and adjacent lease blocks suggest
that geophysically detectable mud/
cuttings deposits may persist for 5
years or more.
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Study:
Risks Associated with Drilling Fluids
at Petroleum Development Sites in the
Offshore: Evaluation for the Potential
of an Aliphatic Hydrocarbon Based
Drilling Fluid to Produce Sedimentary
Toxicity and for Barite to Be Acutely
Toxic to Plankton (Payne et al., DFO,
2006)

Description:
A series of ﬁve lab experiments was conducted to assess sediment toxicity
ASSOCIATED WITH )0!2 AN ALIPHATIC HYDROCARBON ALKANE BASED DRILLING mUID
used frequently in offshore NFLD). Two pilot studies were also carried out to
assess the potential for barite and bentonite to produce false positives in the
Microtox Assay, as well as the acute toxicity potential of barite.

Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s 3EDIMENT TOXICITY CONlNED TO WITHIN
tens of metres from cuttings piles
ASSOCIATED WITH )0!2
s )0!2 CAN BE EXPECTED TO EFFECTIVELY
degrade in sandy/silty sediments
but likely not at a rate that would
cause substantial anaerobiosis and
sediment toxicity.
s %STER BASED mUIDS HAVE THE
potential to cause higher levels of
sediment toxicity than alkane based
ﬂuids.

s 2ELATIVELY HIGH CONCENTRATIONS OF
barite added to water were not toxic
to capelin or snow crab larvae or
planktonic jellyﬁsh after 24 hours of
continuous exposure.
s .O MORTALITIES WERE OBSERVED FOR
ﬂounder that were force fed high
concentrations of barite weekly for
one month.
s !NY MAJOR CHANGE IN SEDIMENT
communities should be quite conﬁned
around rig sites.
s !LSO NOTED FROM SEVERAL COASTAL
study sites is the common occurrence
of negative redox in natural
sediments.
s %STER mUIDS WILL DEGRADE FASTER
possibly resulting in increased habitat
alteration, but in the near vicinity of
the rigs.
s -ANY NATURALLY lNE GRAINED
sediments can be expected to be
falsely toxic in the Microtox assay.

s "ASED ON MONITORING OF THE SEABED
around Hibernia and Terra Nova
after extensive drilling, any signiﬁcant
TOXICITY RESULTING FROM THE USE OF )0!2
should be conﬁned to within tens of
metres from cuttings piles.
s 4HIS lNDING IS ALSO BASED ON
TOXICITY TESTS OF )0!2 WITH -ICROTOX
amphipods and polychaetes, and
STUDIES OF )0!2 ANAEROBIOSIS AND
weathering.
s -ICROTOX ANALYSIS CAN PRODUCE
false positives in relation to grain
SIZE
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Study:
Environmental Effects of Exploratory
Drilling Offshore Canada:
Environmental Effects Monitoring
Data and Literature Review – Final
Report (Hurley and Ellis, 2004)

Description:
The objective of this study was to determine—based on a scientiﬁc
examination of pertinent environmental effects monitoring (EEM) information
and data associated with offshore exploratory and development drilling
in Canada, and in consideration of applicable international scientiﬁc
information—what impacts of exploratory drilling are known, what impacts
are uncertain, and what scientiﬁc gaps exist in the scientiﬁc understanding
either of the interaction between exploratory drilling and the receiving
environment or the changes or impact in the receiving environment as a result
of the activity, including cumulative impacts. Methods focused on a review
of the scientiﬁc literature to provide a synthesis of the broader scientiﬁc
knowledge of the interactions between exploratory drilling and the receiving
environment, and on a review of pertinent Canadian EEM data to evaluate
the interactions between exploratory drilling and the receiving environment.
A total of nine EEM programs were reviewed.

Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s #UTTINGS PILES MAY SMOTHER BENTHIC
organisms within 100 m of a drill
site.
s !VERAGE BACKGROUND LEVELS
for drilling waste (barium & TPH)
reported from the literature review
are reached statistically at 3,000 m,
with single transect values elevated
out to 8,000 m.
s #ANADIAN %%- DATA FOR EXPLORATION
wells detected drill waste signals to
250 m. For multi-well development
programs, drill waste signals were
detected as far as 3,000 m (Ba) and
8,000 m (TPH) in sediments typically
along the major current axis.
s 7ATER BASED DRILLING mUID SOLIDS
can be transported over long
distances (35–65 km) based on a
study of eight exploration wells (Neff
et al., 1989).
s 4AINT WAS NOT DETECTED FOR ANY
of the species tested within the
Canadian EEM programs, except for
blue mussels at COPAN.
s ,IMITED DATA ON TAINT EFFECTS
reported in the primary scientiﬁc
literature. Terra Nova did not detect
taint in scallop tissues; however,
hydrocarbon concentrations were
found to accumulate in the viscera
rather than in the edible ‘meats’
(adductor muscles).

s #HANGES IN THE DIVERSITY AND
abundance of benthic organisms
were generally detected within 1,000
m for single wells from both the EEM
DATA AND LITERATURE REVIEW )N ONE
case, changes in benthic diversity
and abundance were recorded out
to 2,000 m from a single exploration
well (CSA, 1989).
s %LEVATED CONCENTRATIONS OF BARIUM
in tissues of polychaetes, brittlestars
and bivalves were detected as
far as 1,600 m from a single well
discharging WBM (Mariani et al.,
1980).
s 4HE #ANADIAN %%- DATA
documented body burden
concentrations of TPH in sea scallops
as far as 2,600 m for the multi-well
Terra Nova program.
s 40( WAS ALSO DETECTED IN BLUE
mussels (COPAN and SOEP NT#1),
with TPH detected out to 1,000 m
from a single well (SOEP NT#1).
s 3TUDIES ON ORGANIC CONDITION
indices and energy reserves indicate
little potential for toxicity beyond
1—2 km from rig sites (Cranford et
al., 2001).
s &OR THE #ANADIAN %%- DATA NO
ﬁsh health effects were observed for
any of the tested species across all
reviewed sites.
s )NTERPRETATION OF THESE INDICES
requires consideration of the mobility
of ﬁsh species, the relevant scales of
environmental change and exposure
to other stressors. For highly mobile
species, the degree of exposure
is unknown. There are few doseresponse experimental studies linking
body burdens of chemicals to effects.

s )N GENERAL THE ZONE OF DETECTION
for SBM in sediments was found to be
smaller than for WBM. However, the
biodegradation properties of SBM
differ, with high oxygen demand and
potential longer degradation time
scales. Existing ﬁeld data suggest
these materials will be substantially
degraded on a time scale of one to
a few years.
s "ECAUSE OF HIGH LEVELS OF NATURAL
sampling and analytical variability
and the high costs inherent to marine
ﬁeld studies, the statistical power
to detect impacts was limited (EPA,
2000). However, the spatial areas
affected by drilling discharges
documented in both the Canadian
EEM data and the scientiﬁc literature
were consistent.
s -EASURING THE EFFECTS OF ELEVATED
concentrations of contaminants at the
population, community or ecosystem
levels remains challenging. However,
the present data base would seem to
provide a reasonable appreciation of
the scope of benthic impacts.
s 4HERE IS CONSIDERABLE CONSISTENCY
in the monitoring results for the Gulf
of Mexico, North Sea and Canadian
East Coast programs despite
differences associated with the
volumes and types of drilling waste
discharged, the scale and location of
drilling, and variations in sampling
programs.
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Study:
Gulf of Mexico Comprehensive
Synthetic Based Muds Monitoring
Program (CSA, 2004)

Description:
As part of the National Pollutant Discharge Elimination System (NPDES)
general permit issued by U.S. Environmental Protection Agency (USEPA)
Region 6 in 2001, operators in the Gulf of Mexico participated in a
joint industry seabed study. The joint study, entitled “Gulf of Mexico
Comprehensive Synthetic Based Muds Monitoring Program,” was
sponsored by the SBM Research Group, composed of offshore operators,
mud companies, the MMS and the Department of Energy. The study was
CONDUCTED BY #ONTINENTAL 3HELF !SSOCIATES )NC   ! SCOUTING CRUISE
was performed in June 2000 to evaluate the suitability of 10 candidate sites.
A screening cruise was conducted in August 2000, and geophysical data
were collected at eight sites to evaluate the potential presence of substantial
cuttings piles. Five of these sites were visited previously during the scouting
cruise; the remaining three sites were located on the continental slope.
Sediment samples were collected at each site and analysed for a small
number of physical, chemical and biological parameters to document the
presence and distribution of SBM cuttings accumulations on the bottom and
evaluate the general characteristics of the benthic communities. Eight sites
were surveyed during sampling cruises in May 2001 and May 2002. Four
sites were located on the continental shelf in water depths from 37 m to 119
m, and four were located on the continental slope in water depths from 338
M TO  M 3EDIMENT SAMPLING WAS PERFORMED IN THREE ZONES AROUND EACH
discharge site: near-ﬁeld (0 m to 100 m from the discharge site), mid-ﬁeld
(100 m to 250 m from the discharge site), and far-ﬁeld reference (3,000 m to
6,000 m from the discharge site). Surﬁcial sediments were collected at each
station for analysis of physical, chemical and biological parameters. Benthic
macroinfauna were counted and identiﬁed, and laboratory sediment toxicity
tests were conducted on sediments collected at selected sites. A summary is
also presented by Neff et al. (2005).

Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s %VIDENCE OF DRILLING DISCHARGES WAS
detected at all eight sites. WBMs
and cuttings and SBM cuttings
were discharged at each site, and
it was not possible to determine
whether or not the cuttings detected
in the sediments were SBM cuttings.
Physical evidence of cuttings in
sediments depended primarily on the
time elapsed since the last cuttings
discharge at a site. Cuttings were
VISIBLE IN ALL NEAR lELD ZONES
s %LEVATED CONCENTRATIONS OF BARIUM
(a tracer of drilling mud), SBM and
TPH were detected in sediments from
THE NEAR lELD AND MID lELD ZONES AT
the sites; however, the distributions
of the materials were patchy.
Concentrations at far-ﬁeld stations
generally represented background
levels.

s 3EDIMENT TOXICITY AS DETERMINED
in the laboratory from a sediment
bioassay with the amphipod
Leptocheirus plumulosus, was
restricted to a few locations near
the drilling discharges; most of
the sediments in the near-ﬁeld and
mid-ﬁeld (<250 m) were not toxic.
Amphipod survival exceeded 75%
in all far-ﬁeld samples at continental
shelf and continental slope sites, and
therefore these sediment samples
were not considered toxic. Of the
samples collected within 250 m of
the continental shelf and continental
slope discharge locations, 73% and
56%, respectively, had amphipod
survival exceeding 75% and were
considered not toxic. Changes in
sediment chemical composition or
physical properties due to cuttings
deposition were probably responsible
for most of the toxicity.

s -OST CUTTINGS APPEARED TO BE
deposited within 100 m to 250 m of
the discharge site.
s ,ARGE ACCUMULATIONS OF CUTTINGS
such as those reported in the North
Sea, were not observed near the
eight multi-well discharge sites
monitored. However, there was
evidence of cuttings deposition and
physical, chemical, toxicological and
ecological alteration of the benthic
environment in all near-ﬁeld (≤100
m) and some mid-ﬁeld (100 to 250
M ZONES AROUND DISCHARGE SITES 4HE
distribution of cuttings in sediments
was extremely patchy, but tended to
decrease sharply with distance from
the discharge sites.
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s #ONCENTRATIONS OF BARIUM WERE
above background levels in >95%
of the sediments collected from near
ﬁeld stations (<100 m from site
centre), with levels as high as 35%
barium relative to background barium
concentrations of 0.1% to 0.3%.
Elevated barium levels extended
WELL INTO THE MID lELD ZONE  M
to 250 m from site centre) at slope
SITES WHERE HORIZONTAL DISPERSION
was extended because of greater
water depths (500 m versus about
100 m on the shelf). Concentrations
OF CADMIUM LEAD MERCURY AND ZINC
were elevated by factors of 2 to 5
above background levels (far ﬁeld) in
sediments from more than 20 of the
58 sediment samples analysed.
s 4HERE WAS A SHARP DECREASE
in concentrations of cuttings and
chemicals in sediments with distance
from the discharge sites, which
indicates that drill cuttings solids,
especially from SBM cuttings, are
deposited close to the discharge
site. Most cuttings appeared to be
deposited within 100 m to 250 m of
the discharge site at both continental
shelf and continental slope water
depths.
s ! COMBINATION OF VISUAL
geophysical, and chemical/physical
measurements indicated that SBM
cuttings do not accumulate in large
piles, as has been observed in the
North Sea for discharges of oil-based
drilling muds and cuttings.
s -EASUREMENTS OF OXYGEN 4/#
reduction/oxidation potential and
manganese in sediments, and signs
of possible SBM cuttings-related
organic enrichment indicated such
enrichment near the discharge
locations.
s #ONCENTRATIONS OF NINE METALS
(arsenic, cadmium, chromium,
copper, lead, mercury, nickel,
VANADIUM AND ZINC WERE DETERMINED
in 42 surface sediments (0 cm to 2
cm) and 16 subsurface sediments
(from eight cores) collected during
the screening cruise (July 2000). The
trace metal data complement results
for aluminum, barium, iron and
manganese for the same samples.

s 4HERE WERE SUBSTANTIAL DIFFERENCES
in the benthic communities at the
three sites examined. However, the
communities of organisms observed
AT DIFFERENT ZONES WITHIN A GIVEN SITE
were generally similar. At two of the
three sites examined, the abundance
OF ORGANISMS IN DIFFERENT ZONES WAS
similar. At the site with the highest
SBM concentrations of the three
biological study sites, the abundance
and diversity of the benthic
community were reduced within 250
m of the site centre.
s 4HERE WAS EVIDENCE OF RECOVERY IN
the time between the two sampling
cruises at this site. Near- and midﬁeld sediments at the other two sites
(with lower SBF concentrations) had
only moderately disturbed benthic
community structure, compared to
the corresponding far-ﬁeld samples.
Variability of all benthic community
parameters such as diversity and
evenness was greatest in the nearlELD ZONE AND GENERALLY MUCH LOWER
IN THE FAR lELD ZONE )N THE NEAR lELD
ZONE THIS VARIABILITY WAS PROBABLY
due to variations in sediment textures
and patchy distributions of cuttings.
s &OR THE THREE SITES WHERE SEDIMENT
chemistry, benthic faunal community
structure and sediment toxicity were
measured, a sediment quality triad
analysis was performed to develop
an integrated assessment of drillsite
sediment conditions. This analysis
clearly showed reduced sediment
quality in the near-ﬁeld compared
to the mid-ﬁeld. However, the triad
analysis showed clear evidence
of recovery over the 1-year period
between the sampling cruises.

s !T TWO OF THE THREE SITES ANALYSED
minimal changes in ecological
parameters used in the triad analysis
suggested that the habitat quality of
the sediments had not been seriously
degraded by a long history of
discharges at those sites.
s #HANGES TO BENTHIC COMMUNITIES
were not severe, even at the
sites that were the most heavily
contaminated with drill cuttings, and
probably were caused primarily by
organic enrichment of sediments
by deposition of biodegradable
SBM cuttings. Where impacts were
observed, progress towards physical,
chemical and biological recovery
appeared to occur during the 1-year
period between the two sampling
cruises.
s 4HERE WAS EVIDENCE OF RECOVERY OR
decrease over time in the severity of
disturbance in the sediments near the
discharge locations during the year
between the two sampling cruises.
s #ONCENTRATIONS OF MONITORED
components of SBM cuttings in
sediments tended to decrease
or return to background values
with time after the last cuttings
discharge. Possible mechanisms
included microbial biodegradation
(breaking down of materials by micro
organisms) and burial by natural
sediment deposition or bioturbation
(reworking of sediments by marine
organisms).
s #ONCENTRATIONS OF TOTAL PETROLEUM
hydrocarbons (TPH) and SBF were
measured in sediments from the
vicinity of eight sites. Generally,
SBF residues were found at the
highest concentrations and greatest
frequency in near-ﬁeld sediment
ZONES ,ESS FREQUENT lNDINGS AND
lower concentrations of SBF were
FOUND IN MID lELD ZONE SEDIMENTS
Only sporadic, low-level detections
(<5 mg/kg) of SBF residues were
found in the continental shelf or
continental slope far ﬁeld surface
sediment stations. At near ﬁeld sites
where substantial concentrations of
SBF were observed during Sampling
Cruise 1, concentrations were up to
an order of magnitude lower one
year later.
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Study:
MAPEM Project Environmental
Monitoring of Offshore Drilling for
0ETROLEUM %XPLORATION /FFSHORE "RAZIL
(MAPEM, 2004)

Description:
The MAPEM Project (Project Environmental Monitoring of Offshore Drilling for
Petroleum Exploration) was conducted between 2001 and 2003 in Campos
"ASIN OFFSHORE "RAZIL 4HE %AGLE 7ELL WAS LOCATED IN A WATER DEPTH OF 
m and was drilled mainly with a linear parafﬁn SBM composed primarily
of C14 to C19 alkenes. The project was conducted by researchers from the
Universidade Federal do Rio Grande do Sul and Universidade Federal de
Santa Catarina. Three deepwater oceanographic cruises were conducted
in April and July 2001 and June 2002, respectively. The Eagle Well was
drilled in June 2001. A circular 2,500 m-radius area of the seabed was
studied in detail, with the use of a box corer for sampling bottom sediment
for biological, chemical and geological analysis, followed by side-scan
sonar bottom imaging and water column proﬁling, as well as photographs
and videos. The sampling plan, based on discharge modeling, included
54 stations, distributed in the form of a concentric radial sampling grid.
Six samples were collected at circles located at 50 m and 100 m from the
wellsite, and 12 others at 150 m, 300 m and 500 m. Additionally, six
reference samples were collected at 2,500 m from the wellsite to provide
a measure of changes in the region due to natural variability, independent
OF THE DRILLING ACTIVITY 4HE STATISTICAL SAMPLING DESIGN"!#) "EFORE !FTER
#ONTROL )MPACT WAS INTENDED TO PROVIDE A BASIS FOR SEPARATING OUT EFFECTS
of drilling discharge from those that vary naturally over space and time. The
number of samples collected in this study allowed for an additional analysis
to look more closely for impacts in areas known to have indicators of drilling
discharges.

Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s 3EDIMENT SAMPLES FROM BOTH
post drilling cruises showed an
elevated level of the C14 to C19
hydrocarbons indicative of the SBM
base ﬂuid. The concentrations,
however, are low when compared to
the concentrations in the discharged
cuttings and low when compared to
other studies performed in shallow
water. Although the discharged
cuttings contained hydrocarbon
concentrations in the 6% up to
10% range, the seabed sediments
contained a maximum of 23.3
ppm. This is likely partly the result
of dilution with natural sediments,
indicating signiﬁcant dispersion of
the SBM cuttings on the seabed.
s 4OTAL HYDROCARBON CONCENTRATIONS
in seabed sediments were very
low (all below 30 ppm) and
substantially lower than those that
have been shown to cause effects
on macrobenthos in previous studies
(~1,000 ppm). There were no
increases in polynuclear aromatic
hydrocarbons (PAHs), which are not
normally found in SBMs.
• Post-drilling sediments did not
contain elevated metals levels, except
for barium. Barium was elevated out
to about 150 m from the wellsite,
presumably because of seaﬂoor
discharges during riserless drilling.

• Both meiofauna and macrofauna
showed signiﬁcant decreases in
species richness (families and genera)
and density, and changes in trophic
structure (signiﬁcant increase of non
selective deposit feeder nematodes
and discretely motile deposit feeders
in the macrofauna) on the cruise
conducted one month after drilling.
Statistical analysis showed that
changes in several macrofaunal
descriptors were related to drilling
activities. The analysis also showed
that changes were less evident in
meiofauna. Changes in meiofaunal
structure occurred mainly in the
northern portion of the study area,
limited to a 500-m radius from the
wellsite.
s 4HE lRST POST DRILLING SURVEY
showed that drilling activities
PRODUCED MEASURABLE LOCALIZED
effects on macrofaunal community
structure. One year after drilling, a
RECOLONIZATION PROCESS WAS OBSERVED
with the probable recovery of the
community in most of the study area.
Three stations had evidence that the
community continued in the recovery
process one year post-drilling.

s "ASED ON A COMBINATION OF
physical, chemical and biological
measurements, the seabed area
with detectable disturbance was
limited to a 500-m radius impact
ZONE ENVISIONED DURING THE INITIAL
study design. Benthic community
effects appeared to be mainly due
to physical effects from drilling
discharge. The organic materials
associated with the SBM base ﬂuid
did not appear to add substantially
to impacts on the benthic components
analysed.
s -OST OF THE SAMPLING STATIONS
with evidence of impacts on the
macrofauna one month after drilling
had shown a probable recovery of
the area as a result of the progressive
RECOLONIZATION BY THE FAUNA ONE YEAR
post-drilling. Three sampling stations
still showed signs of macrofaunal
disturbance one year post-drilling,
and the community continued in the
recovery process. These stations had
a predominance of opportunistic
organisms, tube builders that use the
resources available at the sedimentwater interface, characteristic of
THE lRST STAGES OF COLONIZATION IN
the succession process in disturbed
environments.
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s %FFECTS ON BENTHOS WERE FOUND TO
be poorly correlated with sediment
chemistry measures (hydrocarbons
and metals).

s "OTH BENTHIC FAUNAL COMPONENTS
showed poor correlations to the
chemical parameters analysed.
This suggests that the disturbance
caused by the discharge of cuttings
on the benthos was primarily due
to physical effects. For meiofauna,
this is underscored by the absence
of high hydrocarbon concentrations
at stations in which the faunal
structure has been altered (up to a
500-m radius). Likewise, meiofauna
has not been affected at stations
where relatively high hydrocarbon
scores have been recorded. The fact
that no signiﬁcant chemical effect
was detected is not unexpected
because of the low hydrocarbon
concentrations observed.

s &OR THE MEIOFAUNA ALTHOUGH MOST
of the univariate measures did not
show effects, multivariate statistical
methods were able to clearly identify
changes in the community structure
related to drilling. One year after
drilling, meiofaunal density and
richness exhibited values similar
to those at the pre-drilling period.
However, change in meiofaunal
structure was still detected, with an
increase of copepod densities and
epigrowth-feeder nematodes.
s )N GENERAL STUDY RESULTS SUGGEST
that the primary cause of benthic
effects was physical (i.e., burial)
rather than chemical (toxicity).
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Study:
)MPACT !SSESSMENT AND "ENTHIC
Recruitment Following Exploration
Drilling in the South Caspian Sea
(Tait et al., SPE, 2004)

Description:
Pre- and post-drilling environmental studies were conducted around a 6,737
m deep exploration well drilled in a water depth of 145 m using both WBM
(upper sections) and SBM (lower sections where stability was essential).
Using a radial sampling pattern, sediment chemistry was measured as well
as total infaunal abundance, species richness, biomass and distribution of
major taxa (5 sampling surveys were conducted between 1998 and 2002).
The data were interpreted for 4 physical, 14 chemical and 27 biological key
variables. ANOVA and Duncan’s statistical comparisons were made with
distance from the well sites taken into consideration.

Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s #ROSS SECTIONAL PHOTOGRAPHIC
images of the seaﬂoor showed
signiﬁcant oxygen demand within 5
m of the wellsite.
s 3ETTLED CUTTINGS WERE LARGELY
conﬁned at the well centre, barely
visible at 200 m and not discernable
at 400 m (8 months after drilling)
s 0HYSICAL SEDIMENT CHANGES
attributed to overlying cuttings and
adhered muds were mostly contained
within 50 m of the well site, but were
also elevated at 200 m, compared to
reference stations.
s #ONCENTRATIONS OF BARIUM AND
HCs decreased signiﬁcantly with
distance from the well, with a
directional component likely reﬂecting
hydrodynamic conditions.
s 0!(S WERE CONTAINED LESS THAN 
m from the well, while other HCs
reached background levels between
400 m and 600 m.

s 3IGNIlCANT DIFFERENCES WERE
observed in the macrofauna between
pre- and post-drilling.
s 4OTAL ABUNDANCE WAS DEPRESSED AT
the well site with less than half those
recorded from the 200 m to 400 m
post-drilling station groups.
s 4HE POST DRILLING PATTERN PROVIDES
STRONG EVIDENCE OF A LOCALIZED EFFECT
particularly in the absence of a
signiﬁcant response gradient within
the 200 m to 800 m range.
s !MPHIPODA #UMACEA AND
Gastropoda were absent within 50
m of post-drilling, but had enhanced
abundances, likely in response to
moderate organic enrichment at 200
m and 400 m distances, where there
was no evidence of excessive oxygen
demand.
s /STRACOD CRUSTACEANS WERE RARE
in pre-drilling samples but were the
most abundant post drilling group
within 400 m of the well, indicating
that elevated organics may be a
macrofaunal enhancer.
s &OR MOST GROUPS CONDITIONS
at the well site are still inimical
to recruitment, presumably from
excessive sediment oxygen demand.
This inhibitory effect extends out to
200 m for the sensitive amphipod
group, whereas ostracods have
ACTIVELY RECOLONIZED THE WELL SITE

s /BSERVABLE CHANGES IN SEDIMENT
physical, chemical and biological
characteristics were largely conﬁned
to a radial distance of approx. 400
m centred on the well site.
s %FFECTS FROM MUD AND CUTTINGS
discharge reﬂect a combination of
possible factors including burial/
smothering, avoidance or attraction
to the area by motile species such
as crustaceans, alteration of larval
settlement affecting recruitment, and
differences in post-settlement survival.
s 3TRONG INFERENTIAL EVIDENCE EXISTS
for impacts to various benthic groups,
with reductions in species density and
abundance near the well site (50 m).
Typically, these differences approach
reference conditions between 200 m
and 400 m of the well.
s $ATA INDICATE THAT RECOLONIZATION OF
the well site area is under way eight
months after drilling.
s 4HE PRESENCE OF ALL MAJOR TAXA
at distances of 200 m and beyond
indicates a recruitment approaching
normal.
s !S SEDIMENTS TREND TOWARD REGIONAL
background levels with distance from
the well, the near ﬁeld depression
and intermediate enhancement effects
will subside as cues for recruitment
become more homogenous within
the study area. This time frame
will primarily be a function of
hydrodynamic processes and
biodegradation of SBM base ﬂuid.
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Study:
Environmental Aspects of the Use and
Disposal of Non-Aqueous Drilling
Fluids Associated with Offshore Oil &
Gas Operations (OGP, 2003)
!LSO SUMMARIZED IN -ELTON ET AL
SPE 2004

Description:
4HE PURPOSE OF THIS PAPER WAS TO SUMMARIZE THE TECHNICAL KNOWLEDGE
of discharges of cuttings when non-aqueous drilling ﬂuids (NADFs) are
USED WITH A FOCUS ON 3"- 4HE DOCUMENT SUMMARIZES THE CURRENT BODY OF
knowledge of the environmental aspects of the disposal of NADF cuttings by
discharge into the marine environment. The report evaluated the results from
over 75 publications and compiled the ﬁndings from all available research
ON THE SUBJECT AT THAT TIME )T WAS INTENDED TO PROVIDE TECHNICAL INSIGHT INTO
this issue as regulations are considered in countries around the world.

Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s )T IS GENERALLY THOUGHT THAT THE
largest potential impact from
discharge will occur in the sediment
dwelling (benthic) community. The
risk of water-column impact is low
because of the short residence time
of cuttings as they settle to the sea
ﬂoor and the low water solubility and
aromatic content of the base ﬂuid.
s )NITIAL ENVIRONMENTAL IMPACTS ON
benthic organisms from the discharge
of NADF cuttings are caused by
physical burial.
s )NITIAL DEPOSITION THICKNESS DEPENDS
on a number of factors including the
amount of material discharged, water
depth, discharge depth, the strength
of currents in the area and the rate at
which cuttings fall through the water
column.
s .EFF ET AL  SUMMARIZE THE
results of seabed monitoring around
21 single well sites where SBM
cuttings were discharged in the UK
sector of the North Sea.
s 4HERE IS NO CLEAR RELATIONSHIP
between concentrations of SBM in
sediments, and water depth, mass
of cuttings discharged or mass
of ﬂuids adhering to cuttings that
are discharged. The amount of
cuttings accumulating in sediments is
dependent on a complex interaction
of discharge rate and mass, water
depth, current structure, and the type
OF mUID AND CUTTINGS )N MOST CASES
SBM cuttings do not penetrate or mix
deeply into surface sediments near
the platform.

s )N SEDIMENTS WITH SUBSTANTIALLY
elevated NADF concentrations,
impacts include reduced abundance
and diversity of fauna. Recovery
tends to follow a successional
RECOLONIZATION STARTING WITH
hydrocarbon-tolerant species
and/or opportunistic species that
FEED ON BACTERIA THAT METABOLIZE
hydrocarbons. As hydrocarbon loads
DIMINISH OTHER SPECIES RECOLONIZE
the area to more closely resemble the
original state.
s .!$&S ARE NOT EXPECTED TO
bioaccumulate signiﬁcantly because
of their extremely low water solubility
and consequent low bioavailability.
Their propensity to biodegrade
further reduces the likelihood that
exposures will be long enough for a
SIGNIlCANT BIOACCUMULATIVE HAZARD
to result.
s -AJOR OVERALL CONCLUSIONS OF A
survey of ﬁeld studies by Jensen et al.

s ! COMPILATION OF lELD MONITORING
results at offshore drilling sites
reveals a relatively consistent
picture of the fate and effects of drill
cuttings associated with NADFs.
The degree of impact is a function
of local environmental conditions
(water depth, currents, temperature),
and the amount and type of waste
discharged.
s #UTTINGS DISCHARGED WITH NEWER
mUIDS RESULTED IN A SMALLER ZONE OF
impact on the sea ﬂoor, and the
biological community recovered more
rapidly.
s 4HE DEVELOPMENT OF MORE
environmentally friendly ﬂuids has
been undertaken to reduce the
environmental impact associated with
the discharge of drill cuttings when
SBMs are used, and make that option
more broadly acceptable. When
applicable, offshore discharge is the
safest and most economical option.
s &IELD STUDIES INDICATE THAT AREAS THAT
recover most rapidly are those with
high-energy seabed conditions.
s 3"- CUTTINGS DISCHARGES HAVE
had far fewer effects on soft-bottom
communities than OBM cuttings
discharges, as effects on soft bottom
communities from SBM cuttings
discharges are rarely seen outside of
250–500 metres.
s )MPACTS MAY ARISE FROM OXYGEN
depletion and there may be a
balance between short-term and longterm impacts.
s )T IS PROBABLE THAT WITHIN THREE
to ﬁve years of cessation of SBM
cuttings discharges, concentrations of
synthetic in sediments will have fallen
to sufﬁciently low levels and oxygen
concentrations will have increased
sufﬁciently throughout the previously
affected area that complete recovery
will be possible (Neff et al, 2000).
s 2ECENT ADVANCES HAVE ALLOWED
production of a variety of NADFs
with very low concentrations of toxic
components.

(1999) were as follows:

• Results from monitoring studies on
ﬁelds where only SBMs and WBMs
have been used to indicate that
discharges of cuttings associated with
these ﬂuids have little or no effect on
benthic fauna outside a radius of 250
metres. The exception to this is where
large volumes of drilling cuttings have
been discharged.
s )N GENERAL LARGEST VARIATIONS IN
biological diversity have been found
beyond 250 metres, regardless of
what the sediment chemistry is, and it
is difﬁcult to isolate discharge effects
FROM NATURAL VARIATION )NCREASE IN
the density of individuals of tolerant
indicator species can be found up to
1,000 metres from some installations.
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Study:
!SSESSMENT OF %NVIRONMENTAL )MPACTS
from Drilling Muds and Cuttings
Disposal Offshore Brunei (Sayle et
al., 2002)

Description:
)N  AND  AN OFFSHORE SURVEY AND ENVIRONMENTAL ASSESSMENT WERE
conducted in association with drilling activities offshore Brunei (Sayle et al.,
2002). The study was conducted by Adinin Jacques Whitford. A primary
focus was to evaluate the environmental effects of disposal of OBM, esterbased synthetic mud (ESBM) and WBM in the marine environment of the
South China Sea. Several wellsites were surveyed, encompassing varying
water depths (20 m to 500 m) and time elapsed since drilling (less than 1
year to more than 13 years). Wellsites included two drilled with OBM, two
drilled with ESBM, one drilled with WBM, and two older production sites
with multiple wells. Key parameters (e.g., hydrocarbons, esters, metals,
and redox potential) were examined at all sites. Side-scan sonar, detailed
hydrographic imaging, seabed video, current information and benthic
sampling results were also interpreted. A modiﬁed radial sampling pattern
was used, oriented primarily with the predominant current direction.

Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s %LEVATED 40( LEAD ZINC AND
arsenic (from OBM disposal) have
adversely affected the health of
benthic communities.
s &INE GRAINED SEDIMENTS IE SILT
and clay) appear to contribute to
persistence of hydrocarbons in
sediments.
s 4HE MAIN EFFECT OF %3"- DISPOSAL
was rapid depletion of oxygen
in sediments due to bacterial
degradation of the esters; however,
this effect is limited to where mud and
cuttings are concentrated.
s 4HE COHESIVENESS OF %3"- ON
cuttings limits the spatial extent of the
cuttings pile.
s 7"- INDICATORS TEND TO DISPERSE
more widely than ESBM (up to 4,000
m vs 200 m); however, the benthos
tends to recover more quickly from
WBM disposal.

s 4HE /"- SITES HAD THE MOST SEVERE
and long lasting effects, including
persistent elevated hydrocarbon
concentrations, elevated metal
CONCENTRATIONS EG ZINC ANOXIC
conditions, and deleterious effects
on the benthic biota (reduced
abundance and diversity).
s 4HE %3"- SITES WERE LOCATED IN
different water depths (38 m and
486 m), but had similar effects. The
ESBM cuttings piles were mainly
LOCALIZED WITHIN  M TO  M
of the wellsite. There were elevated
levels of hydrocarbons and some
metals and reduction in benthic
abundance and diversity near the
wellsite, as well as anoxic conditions
and bacterial mats.
s %FFECTS ON BENTHIC MACROFAUNAL
diversity were evident out to distances
of 1,600 m to 2,000 m from the
WELLSITE 4HIS ZONE OF INmUENCE WAS
attributed to the relatively large
volume of cuttings at this multi-well
site, as well as the potential of
formation hydrocarbons on cuttings
that were more widely distributed
during the WBM drilling phases at
this location.
s 4HE 7"- SITE LOCATED IN A WATER
depth of 46 m, had the least severe
effects, with only slight reductions
in benthic abundance and diversity
evident approximately 2.5 years
after drilling. Seaﬂoor deposits
(i.e., barium) from WBM drilling
discharges were more widely
dispersed than deposits at the two
ESBM sites (>1,200 m vs 200 m).

s 4HE STUDY CONCLUDED THAT THE
magnitude and persistence of
environmental effects from discharge
of drilling muds and cuttings range,
in order of severity, from OBM to
ESBM to WBM. OBM cuttings can
persist on the Brunei seabed for over
13 years.
s "IOPHYSICAL EFFECTS ON THE SEABED
from both WBM and ESBM were
similar and resulted primarily from
smothering of benthic organisms by
sedimentation and anoxic conditions
due to bacterial decomposition within
the cuttings piles.
s 'ENERALLY 7"- EFFECTS WERE MORE
widely dispersed (>1,200 m) but
exhibited indications of faster benthos
recovery (within 3 years) than ESBM
(typically dispersed within 200 m).
s $EGRADATION OF ORGANIC INPUTS
from drilling muds appears to
be accelerated in shallow water
CHARACTERIZED BY HIGH WAVE AND
current energy, due to increased
oxygenation of sediments.
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Summary of Recent Mud and Cuttings Offshore Discharge EEM Studies
Study:
,ABORATORY %XPOSURES OF )NVERTEBRATE
and Vertebrate Species to
#ONCENTRATIONS OF )!  0ETRO
Canada) Drill Mud Fluid, Production
Water, and Hibernia Drill Mud
Cuttings (Payne et al., DFO, 2001)

Description:
Various laboratory tests were conducted on the short term effect of synthetic
drill mud ﬂuid, produced water and drill mud cuttings on brine shrimp
nauplii, capelin larvae, marine copepods, juvenile yellowtail ﬂounder and
ctenophores.

Physical and Chemical Effects

Biological Effects

General Comments/
Conclusions

s 4HE RESULTS SUPPORT THE HYPOTHESIS
that the wastes pose little or no risk
of an acute toxic nature to the marine
environment.

s 4HE STUDIES INDICATED A VERY LOW
acute toxicity potential for drill mud
ﬂuid, production water and drill
cuttings for the species and life stages
tested.

s ! NUMBER OF STUDIES WERE CARRIED
out on plankton, ﬁsh larvae and
juvenile ﬁsh to investigate the acute
toxicity potential of SBM/cuttings and
production water.
s !CUTE TOXICITY POTENTIALS WERE
demonstrated to be very low
indicating that the wastes pose little
or no risk of an acute toxic nature to
the marine environment.
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