23 The extent of adverse mm..maﬁm of a substance is a
function of the exposures of organisms (including
humans}, Exposure, in turn, is a function, inter alia, of
input flux and the physical, chemical and biological
processes that. control the transport, behavicur, fate
and distyibution of a substancs,

24 Ths presence of natural substances and the ubiquitous
ocewrTence of confaminants means that there will
always be some pre-existing sxposures of organisms to
all substances contained in any waste that might be
dumped. Concerns about exposures to hazardous
substances thus relate to additional exposures as a
congsequence of dumping. This, in turn, can be
transiated back to the relative magnitude of the input
fluxes of substances from dumping compared with
existing input fluxes from other sources.

6.8 Risk characterization for injectior of a'carhon. dioxide
stream into a specific’ formation would: typically be
based on site-specific considerationa of the potential
oXpPosure umnwim%m probabilities. of leakage, -and
effacts. on the marine environment, hiaman health, and
other legitimate wuses of the ses - or. wmouom.sm.u
surroundings. Important factors may  inciude . the
nature, femporal apnd’ épatial geales, &ﬁmﬂob and

- likelihood of expected impagts. When evaluating the
spatial aspects of risk characterization, various factors
are relevant to the potential area impacted, including
the injection volumes, location of the C0OZ2 injection

point and geological nwﬁmnnmﬁmﬁnm cm the mnaumwm
reservoir, .

|68 m.o«muﬁ& E_mum.aon and leakage nwﬂvﬁmwm mnoB.

subrseabed mmouoma& formations So_nme

.1 the injection wall and/or cther mwmbmoﬁma or active
wells; .

.2 areas where permeable rock reaches the surface of
the seabed (e.g. seabed outcrop)s

.8 transmiseive fractures of, or high wouﬁmmw_.ra\ zones
within; the cap rocks

.4 the pore system in low'permeability cap Ebrm if the |

capillary entry pressure at which carbon dioxide
streams may enter the cep rock is exceeded or
degradation of the cap rock is caused . by reaction
with acidic formation waters;

.5 arazs where the cap reck is locally absenti and

.6 lateral migratien of free or'dissolved earbon &cﬁ&m
along the reservoir rock (a.g if a storage structure is
overfilled beyond the spill point).

6.10 Simulation of the long-term fate of stored carbon
dioxide streams may be appropriate -to identify
potential migration and flux rates through identified
leakage pathways and assess the likelihood of leakage,

(EDITCRIAL NOTE: further consideration will be given-
to how the text in 6,11-6.13 applies to CO2 streams.) -

6.11 The exient of adverse effects of a substance is a
function of the exposures of organisma (including
humans). Exposure, in turn, is @ function, jnter alis, |

-of input flux and the physical, chemical and biological |

processes - that contrgl the transport, behaviour, fate
and distribution of g substance.

6.12 The presence of natural subatances and the
ubiquitcus occurrence of contaminants .means that
thers will always be some pre-existing exposures of
organisms to all substances contained in any waste
that might be dumped. Concerns shout exposures to
hazardous substances thus relate to adgditional
exposures as a consequence of dumping. Thia, in
turn, can be translated back to the relative magnitude
of the input fluxes of ‘substances from msﬁwﬁﬂ
compared with existing imput fluxes from other
SOUrCes. ’
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ASSESSMENT OF POTENTIAL EFFECTS

26 Accordingly, due consideration needs to be given to the
relative magnitude of the substance fluxes associated
with dumping in the local and .regional area
surrounding “the dump-site. In cases where if is

predicted that dumping will substantially augment|

existing fluxes associated with natural processes,
dumping at the site under ncumﬁmauw_unu shouid be
deemed Smnﬁawga

26 In the case of aynthetic substances, the relationship
batwean  fluxea
pre-sxisting fluxes in the vicinity of the site may not
provide a suitable basis for decisions.

27 Temporal characteristics should be considered to
identify petentially critical times of the year (e.g., for
marine life} when dumping should not take place, This
consideration leaves periods when it is expected that
dumping operations will have less impact than at other
times, If these restrictions become fco burdensome and
costly, there should be some opportunity for

compromise in which priorities ‘may have to be|-

established concerning species to be left wholly
undisturbed.  Examples of  such
considerations are: :

.1 pericds when marine organisms are migrating from
one part of the ecosystem o another (s.g, from an
esfuary o cpen sea or vice versa) and .growing and
breeding periods;

.2 pericde when marine organisms are hibernating on
or are buried in the sedimenta; and

.3 periods when particylarly sensitive and possibly
endangered species are exposed.

Contaminant mobility
28 Contaminant -mobility is dependent upon several
factors, among which are:

.1 type of matrix;
.2 form of contaminant;
.8 contaminant partitioning;
.4 physical state of the system, e.p., temperature,
waterflow, suspended matter;
.6 physio-chemical state of the systemi
.6 length of diffusion and advection pathways; and
.7 biolegical activitles e.g., bicturbation,

ASSESSMENT OF POTENTIAL EFFECTS

assocfated with dumping and|

biological |

6.13 Accordingly, due consideration needs to he given fo

the  relative magnitude of the substance fluxes
associated with dumping in the local and regional atea
surrcunding the dump-site. In cases where it is
predicted that leakage of the carbon dioxide stream
would substantially augment existing fluxes associated
with natural processes, disposal at the site. under
consideration should be desmed inadvisable.

6.14 Temporal characteriatics should be considered to

identify potentially critical times of the year (6.g., for
marine life} when dumping should not take placa . This
may not be relevant to dispesal of carbon dicxide
streams, where no direct exposure to the marine

environment during injection is -expected, It is

rocoguized that management meaaures may vary
during  critical periods, - {EDITORIAL NOTE:
Potential temporal characteristics of monitoring
activities could be mmm”n with. in the goESuEm
mmoﬁouu

Centaminant, EcEEW )
8.15 Contaminant mobility is dependent upon several

factora, among which are:

.1 type of matrix;

.2 form of contaminant;

.3 contaminant partitioning:

.4 physical state of the system, e.g., n-Eﬁmuﬂﬁm.
waterflow, suspended matter;

.5 physico-chemical state of the system;

.8 length of diffysion and advection pathways; and

.7 biolegical activities e.g., biotwrbation. .

(EDTTORIAL NOTE: furthor éonsideration will be given

7.

- to how the text in 6.11°6.13 applisa to GO2 atreams.)

ASSESSMENT OF mogg mm.w.moem :

7.1 Although. the intention of the process of CS-S8GS is

no leakage, effocts assesament contributes to informing
site selection, monitoring to verify the impact
hypothesis, -and managemsnt measures. While the
effect mechaniams of release of carbon dioxide stream
from sub-seabed geological formation may differ from
the disposal of other controlled materials, the possible
impacts can be ‘identified and assessed within the
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- 12 Assessment of potential effects should lead to a concise
statement of the expected consequences of the sea or
land disposal options, i.e., the "Impact Hypothesis”. It

provides a basis for deciding whether to approve or|

reject the proposed dispose! option and for defining
environmental monitoring requirements,

13. The assessment for dumping should integrate

infermation on waste characteristics, conditions at the |

proposed dump-site(s), fluxes, and proposed disposal
techniques and specify the potential effects on human
health, living resources; amenities and other legitimate
uses of the sea. It should define the nature, temporal
-and spatial seales and duration of expected impacts
based on reasonably conservative assumptions.

29 Assessment of uoomuﬂ.& effects should lead to a concise
“statement of the mxumonmm. consequences of the sea or
land- disposal options, i.e., the "Impact Hypothesis". It

provides-a basis for deciding whether to approve or|

reject the proposed disposal option and. for defining
environmental monitoring requirements. As far as
possible, = waste management optiona causing
dispersion and dilution” of contaminants in the
environment should be'avolded.and preferencs given to
techniques that prevent the input of the contaminants
to the environment,

80 The assessment for dumping should integrate

information on waste characterjstics, conditions at the
proposed dumprsite(s), fluxes and proposed disposal
techniques and specify the potential effects on human
health, living resources, amenities and other legitimate
uses of the sea. It should dsfine the naturs, temporal
and spatial acales acd duration of expected impacts
based on reasonably conaervative aasumptions,

31 The assesament should be as comprehensive as
possible, The primary potential impacts should be
identified during the dump-site selection process,
These are considerad te pose the most serious threats
td human health and the environment. Alterations to
the physical environment, risks to human health,
devaluation of marine resources and interference with
-other legitimate uses of the sea are often seen as
primary concerna in this nmwmum

. framework of Annex 2 to the London Prgtocol, ﬂum
main eonsiderations in relation to the H-mwwmm of
carbon dioxide stream should be the effects of carbon
dioxide concentrations on human health, -marine
resources, sencitivity of species, communities, habitats
and processes, and other _mm&n&wa usea .of the sea.
Effects of exposure to other contaminants in the carbon
dioxide stream, if' mns should ke E&namm in -the
assessment;

7.2 bmmm.mﬁmun of uo«mBQE effects should men to' a
concise statement of the expected ooummncmunmm of the
sen or land disposal options, -ie, the "Impact
Hypothesis", -It provides a basis for deciding whather|
to approve or reject the proposad disposal option .and
for defining environmental monitoring umnEhmanﬂm
For .the disposal of carbon dioxide streams in
sub-seabed - geological formationas, this assesament
should address poiential impacts in the event of not
only a spill' during transportation or disposal
operations, but a leak of the carbon dioxide stream
from the sub-seabed geological formation, while &
thorough site characterization will provide & basia of
assessing the likelihood of the event of such a leak. A
sub-seabed geological storage site is not intended to
leek to. the marine environment, therefore. thel
following null-hypothasis is proposed: :

-Nb impact en human Beglth, the mariag mnﬁw.mhﬁmuh
.and other legitimate uses of the sea will ocour

As far as posaible, waste.managemént aptions causing |-

dispersion and dilution .of contaminanis in the
environmant should be aveided and preforence given to
techniques that prevent the input of the contaminants
to the environment.

7.3 The mmmmmmEmum for disposal should integrate
" informatien on characteristics - of carbon dioxide
stream, conditions at the propesed - sub-seabed
geological formation, fluxes and proposad &mmo.mﬂ
technigues and specify the potential effects on human
health, living resources, amenities and other
legitimate uses of the-sea. It should dsfine the

nature, temporal and spatial scales and duration of].

mwﬁaaﬂmmwﬁumogvwmmnosnammcuwzw noammudwn:-m
mmmzﬂuﬁonm. .

.q.p The - assessment should be as comprehensive as

possible. The primary potential impacts should be
identified during the aelection pracess’ of the
sub-seabed  geological formation. _These are

‘considered to pose the most serious threats to human
health and the environment, Alterations to the
physical environment,~ risks to human health,
devaluation of marine resources and interference with
other legitimate uses of the sea are often seem as
primary-concerns in this ragard,

7.5 The main effects to consider in reletion to the leakage
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32 In constructing an impact hypothesis, particular
" attention should be given to, but not limited to,
potential impacts .on amenities {e.g., presence of
floatables), sensitive areas (o.g., spawning, nursery or
feeding areas), habitat (s.g., biological, chemical and
physical modification), migratory patterns and
marketability of resources. Consideration should also

be given to potential impacts on other uses of the geal

including: fishing, navigation, engineering uses, areas
of spacial concern and value, and traditional uses of
the sea, .

33 Even the least complex and most innocuous wastes
may have a variety of phyaieal, chemical and biclogical
offects. Impact hypotheses cannot attempt to reflect;
them all. It must be recognized that even the most
comprehensive impact hypotheses may not address all
possible scenarios such as unanticipated impacta. It is
therefore imperative that the monitoring programme
be linked directly to the hypotheses and serve as a
feedback mechanism to verify the predictions and
review the adequacy of management measures applied

" to the dumping operation and at the dump-site. It is

important to identify the BOUTCEs and consequences of

:2255@

34 The oxwmnnmm‘ consequances of dumping' should be
described in terms of.affected habitats, processes,
species, communities and uses. The precise nature of
the predicted effect (a.g., change, response, or
interforence) should be deacribed, The effect should be
quantified in sufficient detail ao that there would be no
doubt as to the variables to be measured during field
meonitoring, In the latter dontext, it would be essential
to determine "where" and _.ﬂ&mu_, the impacts can be
expected,

.‘Bmmmsgm during field monitoring.

inerease of carbon dioxide concentration in the ambient
water and sediments, The effects of carbon dioxide
released to water hodies depend upon the magnitude
and rate of release, the chemical buffer capacity of the
water body, and transport and dispersion processes.
Changes in pH are directly related to the partial
pressurs of carben dioxide and the chemical buffer
capacity of the water. Effects of exposure to other
contaminants in the carbon dioxide stream could be

assgased as well: Also, changes of pH in sedirenta due;

to carbon dioxide might have effects on -metal

speciation e.g., mobilising trace metals and other|

compounds to a higher sxtent of bicavailability . This
may lead to direct toxic effects and/or accumulation in
the food chain. Contracting Partiés should refer to
the Action List under Annex 2 to the Protocol for
additional information en potential substances of
concern.. The effects of displacement of saline water
may be included in the effacts nssessment aa well,

7.6 In constructing an impact wwﬂonrmm? Euu:amﬂm ta the

operation phase, particular attention sheuld be given
to, but not limited to, potential impacts on amenitics
{e.z., presence of floatables), sensitive areas (e.g.,
spawning, nursery or feeding areas), habitat (e.g.,
biological, chemical and physical modification),
migratory patterns and Ema#mnmcEQ ‘of resources.
Congidaration should alsc be given to potential impacts
on other uses of the sea including: fishing, navigation,

engineering udes, areae-of spacial concern and «.Esm,

and traditional uses of the sea.

7.7 Even the least complex and most innocuous wastes

may have a variety of physical, chemical and biological
effects. Impact hypotheses cannot attempt to reflect
them all. Tt must be recognized that even the most
comprehensive impact hypotheses may not address all
possible scenarios such as unanticipated impacts, It is
therefors imperative that the monitoring programme
be linked directly to the hypotheses and serve as a
feedback mechanism te verify the predictions and
review the adequacy of mansgement measures applied
to the dumping operation and at the dump-site. It is

" important to identify the manwamm and acﬂmmncaunmm of|.

_.583254.%

7.8 The expected risks” and consequences of &mﬁom.&. o L S o
7.8 AL TTFRENE VR I RUEER, £848, F

should be described in terms of likelihood of exposure
and impact on habitats, . processes, species,
communities  and uses.  The precise nature of the
predicted risk and effect {a.g.. change, responss, or
interference) should be described. The risks and
effect should be quantified in sufficient detail so that
there would be no doubt as to- the variablestto be
In the latfer
eontext, it would be essential to determine "where" and
"when" the impacts ¢an be expected. Tha disposal of
carbon dioxide streams into  sub-seabed geological
formations, where the “sub-sesbed gealogical
formations” are supposed to isolate carbon dioxide
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streams . from marine environment and atmosphere
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14 An analysis of each disposal option should be
considered in the light of a comparative assessment of
the following concerns human health risks,
environmental coats, hazards, (including accidents),
economics and exclusion of future uses. If this
asgsessment reveals that adequate information is- not
available to determine the likely effacts of the propesed
disposal option then this option - should not be
congidered further, In addition, if the interpretation of
the comparative assessment shows the dumping option
to be less preforable, a permit for m:EﬁEm ghould not
be given,

15 Each assessment should conclude with a statement
supporting a decision to issue or refuse a permit for
dumping,

MONITORING

16 Monitoring is used to verify that permit conditions are

35 Emphasis should be placed on biological effects and
habitat modification as well as physical and chemical
change, However, if the potential effect is due to
substances, the following factors should be addressed:

-1 estimates of statistically significant increases of the
substance in seawater, sediments, or biota in
relation to existing conditions and mmmoemﬁmm am.mnnmu
and

.2 estimate of the contribution made by the substance
to lecal and regional fluxes and the degree to which
axisting fluxes pose threats or adverse effacts on the
marine environment or human health.

36 In the case of repeated or multiple dumping
- operations, impact hypotheses should take into account
the cumulative effects of such operations. It will also he
important to consider the possible interactions with
other waste dumping practices in the area, both
existing or plannad.

37 An analysis of each disposal option should be
considered in light of a comparative assessment of the
following concerna’ human health risks, envirenmental
costs, hazards (including accidents), économics- and
exclugion of future uses, If this assessment reveals that
adequate information is not available to determine the
‘likely effects of the proposed disposal opticn, ineluding
potential Iong-term harmful consequences, then this
option should not be considered further. In addition, if
the interprotation of the comparative assessmént
shows the dumping option to be less preferable, a
permit for dumping should not be given.

38 Each assessment should. conclude with a statement
supporting a decision to issue or refuse a permit for
dumping.

3% Where monitoring is required, - the effects and
parameters described in the hypotheses should help to
guide field and emalytical work so that relevant
information can ba obtained in the most efficient and
costreffective manner,

MONITORING

40 Monitpring is used o verify that permit conditions are

- permanently, does not present the same types of|
potential envircnmental concerns as the -disposal of
other-wastes, where the waste materials can be readily
distributed into the envirenment and thereby does not
necesaarily fit the standard paradigm of biological or
chemical impact assessment.

.7.9 Risk assessment and manragement for dispesal of

carbon dioxide streams should take into account of the
likelihood of leakage to marine environment frow the
gub-seabed gaolegical formation. Emphasis should be
placed on biological effscts and habitat modification as
well as physical and chemical change. Howeven, i the
potential effect is.due to substandes contained in

carbon dioxide stream, the m.oucgum factors should be|

addressed:

.1 estimates of statistically significant increases of the
substance in seawater, sediments, or biota in
. relation to axisting conditions and associated effects,
and
.2 estimate of the coniribution made by the substance
to'local and rogional fluxes and the degree to which
existing fluxes pose threats or adversé effecta on the
marine environment or human health,

7.10 In' the case of repeated or ‘multiple carbon dioxide

disposal project in the same geclogical formatjons,
impact hypotheses should take into account the
cumulative effects of such operationa. It may also be

important to consider the possible interactions with|

other waste dumping practices in the area, both
existing or planned.

7.11 An anaiysic of each disposal option should be

considered in light of a comparative assessment of the.

_following cencerns: human health visks, environmental

costs, hazards (inciuding accidents), ecénomics and
exclusion of future uses. If this assessment reveals
that adequate information is not available to
determine the likely effacts of the proposed disposal
option, including potential leng-term harmful
congequence, then this option should net be considered
further. In addition, if the interpretation of the
comparative assessment shows the dumping option to
be less prefsrable, a permit for disposal should not be
given.

7.12 Each assessment should conclude with a statement
supporiing a decision to issue or H.m?.mm a _umun:ﬁ for
disposal,

7.13 Where monitoring is requirsed, the effects and
parameters described in the hypotheses should help to
guide- field and analytical ‘work so that gelevant
information can be obtained in-the most mmme.au* m.nn_
cost-effective manner.

8  MONITORING

8.1 Monitoring is used o verify that permit conditions
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