met - compliance monitoring - and that the
assumptions made during the permit review and site
ssloction process were correct and sufficient to protect
the environment and human health - field monitoring.
It is essential that such monitoring programmes have
clearly defined objectives.

met - compliance monitoring - and that the
agsumptions made during the permit review and site
selection process were correct and sufficient to protect
the envirenment and human health - field monitoring.

1t is essential that such monitoring programmes have|

clearly defined objectives

42 It may usually be assumed that suitable specifications
of existing {predisposal) conditions in the receiving
area are already contained.in the application for
dumping. If the specification of such conditions is
inadequate fo permit the formulation of an Impact
Hypothesis, additional information will be required by
the licensing authority before any final decision: on the
permit application is made. (& : CO2WAG Tixst%
41 & 42 OIEFFM L 2o T vik)

41 The Impact Hypothesis-forms the baais for defining
field monitoring, The measurement programme mrcE_.._..,

‘be degigned to gscertain that changes in tha receiving
environment are within those predicted, The following
queations must be answered:

.1 What testable hypotheses can be. derived from the
Tmpact Hypothesis? .

2 What measurements (type, location, frequency,
performance requivements) are reéquired to test
these hypotheses?

.3 How should the data be managsd and interpreted?

43 The permitting authority is encouraged to take

account of relevant research information in the design
and modification of monitoring pregrammes. The
measurements can be divided into two types those

are met - compliance monitoring - and that the|

" assumptions made during the permit review and site
selaction process were correct and sufficient to protect
the environment and human health - field monitoring,
Monitoring also allows for effective management of

disposal sites, and allows for management if it is found |

that permit . sssumptions - were incorrect. It is
essential  that such monitoring programmes have
clearly defined objectives snd are linked to
environmental management plans in order to mitigate
posaible effect of injection activity and storage.

8.2 Compliance monitoring should be conducted ‘during
injection operations tb ensure that injection rates,

' pressures, mechanical integrity and COZ2 properties
are as described in the ﬁuemnn proposal and H.mnE:
ﬁwaHmEmuﬂm [

8.3 It may usually be assumed that suitable specificationa
of existing (pre-dispesal) conditions in the receiving
. area are already contained in the appHeation . for
dumping, If the specification of such conditions is
inadequate to permit the formulation of an Impact
Hypothesis, additional information will be required by
the licensing authority beforg any final decision on the
permit application is made, For disposal of carbon
dioxide in sub-sea geclogical structures, baseline
information is required from which changes that arise
due to the disposal of carbon dioxide can be meanured,
(EDITORIAL: NOTE: This section . may be more
appropriate in gection ) .

8.4 The Impact Hypothesis forms the basis for defining
field monitering. The measuwremeat programme
should be designed to ascertain that changes in the
receiving environment are within those predicted.
The following questions must be answered:

.1 What testable hypotheses can bs derived from the
Impact Hypothesia?

.2 What measurements {type, _onmﬁsﬂ. frequency,
performance requiroments) are required to test
these hypotheses?

.3 How should the data be Ewummmn and interpreted?

8.5 Due to the large area of potential storage sites there
will be a need to give serious consideration to the
strategic design of monitoring programmes that use
modelling and sampling in a way that makes dstection
of leaks over the large area possible and defonsible.
Mozreover, long-term monitoring of potential migration
or. leakage of carbon dioxide streams from sub-seabad
gaological formations will be important due to the long
time scales of carbon sequestration, the patentil for
- large disposal sites, and the buoyant nature of n.mﬂwcn
dioxide,

85 The permitting authority is encouraged to take

account of relevant research information in the design
and modification of monitoring programmes. The
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monitoring program should lock at integrity of the
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storage site and safeguarding human health and the | EREE M AN T ERFEER S, BRFEZ, NE
marine environment. The measurements for dispesal| #+ FOsoRiE (BRI &b MORENR OB o
of carbon .dioxide streams in sub-ssabed geclogicall RE 2 222 Ch 5, “HLRRFOWEFHKER |
formations can be divided into four types: AR OB ORI 4 DR SETE B,

within the zone of predicted impact and those outside,

" .1 performance monitoring. (sometimes referved to as
teating the Impact Hypothesis} which nmieasured how
well injected carbon dioxide stream is. retained
within the intendad sub-seabed gaological formation: |-

-2 monitoring the surrounding geclogical layéra-'to
detect and measure migration of the carhon dioxids
stream out of the Enmznmm auh-seabed geological
formation; .

.3 monitering the seafloor and oé..ﬁw._um amnmu to
detect and measure leakage of the carbon dioxids| .-
stream into the marine -environment, In’ this
context, special attention should: be : given to
abandoned wells fhat interseet the m:w mmmwmm
- geological formation; and '

4 monitoring marine communities (henthic and ﬂ.wnmn
column) to detect and measure effects of any leaking|
carbon dioxide streams on marice organisms,

Hm>m3ﬁ1%&%%§a,amms CERTHEE
BRSNS R B E > TV B AR BT 5, &
EA (BERORIEL FITRAINE2),

2 BE S RS THR BB ~0 SR RRIE OB
| ERRRUEET5RH0. REAGOER,

8 lwﬁ_u%ﬂmmB%%Hﬁ?&%ﬁmﬁmﬁ_%qﬁ_mlwm
SO, BERCEOLERACER, T, ¥
ﬁﬂ&ﬁuﬂﬁM&ﬁ%mﬁﬁuﬁr@r@w@,m)wd !
hd,

1E$m%§8ﬁﬁé$%m§rWW%wﬁmm§w
q&mwmwss,ﬁm%ﬁwq%mavﬁmmﬁﬁ%
DER, -

44 Measurements should be designed to determine| 8.7 Measurements should be designed to determine

whether the zone of impact and the extent of change
outside the zone of impact differ from those predicted,
The former can be answered by designing a sequence of
measurements in space and times that ensures that the
projected spatial scale of change is not excesded, The
latter can be answéred by the acquisition of

measurements that provide information on the extent|-

of change that occura outside the zone of impact as a
result’ of the dumping operation. Frequently, these
measurements will be based on a null hypothesis * that
no significant change can be detected.

whether impacts differ from those predicted, For
performance monitoring, this can bs answered by
designing a sequence of measurements in space and
time that ensures that the projected spatial seale is not
exceeded, For menitoring of overlying geological
layers, the seafloor and overlying water, and marine
communities, this can be answered by the acquisition

. of measurements that provide information on the

extent of change that cccurs as a result of the disposal
operation. Frequently, these measurements will be
based on a rull'hypothesis - that no significant change
can be detected, As confidence grows that carbon
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dioxide streams are not migrating or leaking from the
sub-seabed geclogical formation, the m.mnnmﬁo..c of
momitering can be decreased.
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(EDITORIAL ZOHH discussion is ongoing «mmmnm_bm the
following text currently delsted from section 8.7 in the

current u..m«mSu GEmm”m. migration of .earbdn dioxide, (R nn\fi Savos ﬂmdm__ﬁm&ed?m —— i
streams into the geclogical layers above the sub-seabed BB LC. BRI S TH D | TR R T
geological formation ia detected, monitoring the -eeafloor HRE Sn_n,ﬁwawﬁ@sf.mwﬁ. C‘QLNM.I i a:%wu SRR
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or opverlying water is detected, monitoring of marine| Y. FHRIC, ~EMCRFEROWE LT O ERAR~ORER
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45 The results of monitoring (or other related rosearch) | 8.8 The results of monitoring (or other related research) , . . , )
should be reviewed nt regular intervals in relation to| should be reviewed at regular intervals in umFﬂou to a . . ' : .
the objectives and can provide a basis to the objectives and can provide a basis to! 8.8 BEROME (ZhnoRERECHR B, £0EM
RS LTENMBICEGESh D2 Tha, £hicky; &L
] ._..Sﬁ_ﬁﬂmmm ERERHTOLE WAEEARD,

.1modify or terminate the field monitoring programme; .1 madify or terminate the field Baﬁnoﬂaw .

.2 modify or revoke the permit;

.3 redefine or close the dump-site; and

4 modify the basis an which applications to dump
wastes are assessed,

programme;

. .2 modify or revoke the permiti

.3 redefine or close the site; and
4 modify the basis on which applications to &E“E
wastes are assessed,
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PERMIT AND PERMIT CONDITIONS

17 A decision to issue a permit should only be made if all
impact evaluations are completed and the monitoring
requirements are determinéd. The provisions of the
permit shall ensure, as far as practicable,
environmental disturbance and detriment are
minimized and the benefits maximized. Any permit
issued shall contain data and information specifying:-

.1 the types and sources of materials to be dumped;
.2 the location of the dump-site(s);

3 the method of dumping: and

.4 menitoring and reporting requirements.

that|

PERMIT AND PERMIT CONDITIONS

46 A desision to issue a permit should only bs mada if alt
impact evaluations are completed and the monitoring
requirements are determined. The provisions of the

- permit shall ensure, as far as practicable, that
environmental . disturbance and detriment are
minimized and the .benefits maximized. Any permit
issued shall contain data and information specifying:

.1 the types, amounts and sources of materials to be
dumped;

.2 the locatien of the dump-site(s);

.3 the methed of dumping; ané

.4 monitoring and reportifg requirements.

47 If dumping is the selected option, then a permit

. authorizing dumping must be issued in advance. It ia
recommended that opportunities are previded for
public review and participation in the permitting
precess, In granting a permit, the hypothesized impact
oceurring within the boundaries of the dump-sits, such
as alterations to the physical, chemical and biclogical

. compartments of the local envirenment is accepted by
the permitting authority.

48 Regulatérs should strive at all times to enforce

" procedures that will result in environmental changes
as_far below the limits of allowable environimental

8.9 Although the goal of disposal of carbon dioxide

9

" responge to migration or leakage,
management plan should consider the likelihood that|

strepms into sub-seabed geological formations is to
have no leakage, an environmental management plan
should be in -place to enable a rapid and effective
The envirenmental

carbon dioxide streams will migrate or leak as well as
the types and magnitudes of potential effects of such
migration or leakage. The requirements of. the
management plan is determined by national
autharities on the basis of the potential impact of the
migration or laakage on human health and the marine
environment. Management - methods
depending on the release scenario.  If leakage occurs
though an active or abandoned well, techniques te
remodiate these wells
commonly used ia the oil and gase industry. It may he

‘mora difficult to remediate leaks through faults or|

fractures, Ifleakage can not be controlled by reducing
pressure in the formation or plugging the leakage
pathways, injection may need to cease or the CO2 may
need to be transferred to a more suitable sub-seabed
gaological formation. ’

PERMIT AND PERMIT CONDITIONS

9.1 A decision to issue a permit should only be made if all

impact- evaluations are completed and the menitoring
requirements are determined. This includes an
adequate site characterization, an assessment of the
likelihood for migration and leakage and associated
impacts, and a auitable risk mapagement plan, . The
provisions of the permit shall ensurs, as far as
practicable, that environmental disturbance and
detriment are minimized and the benefits maximized.
Any permit issued shall ngﬁw-n data w:ﬂ information
specifying’

.1 purposé of the permit;

.2 the types, amounts and squrces of all materials in
the carbon dioxide stream to be disposed into the
sub-seabed geological formation;

.3 the location of the injection facility and sub-seabed
geological formation;

.4 the method of carbon dioxide stream nuwzmuou&. and

.5 monitoring (both cperational and long ﬁmﬁuu and
reporting requirements.

9.2 If dumping is the selected option, then a permit

authorizing dumping must be issuad in advance, Itis|

recommended that cpportunifies are provided for
public review and participation in the permitting
process. . In pranting & permit, the hypothesized
impact -occurring within the boundaries of the
dump-site, such as alterations to the physical,
chemical and biological compartments of the local
environment ig accepted by the permitiing authority. -

9.3 Regulators should strive at all times to enforce
-'proceduras that will result in envircnmental changes

will vary|"

-will be similar to those

Td RERERORRATE SN S EREEET 5,

89 TEMUBERROBKTARRB~OLIO BN BH
FELRVIETHHEN, BHPWRICHLTER|
B, LT, BRARMISETERILT S AR, BFEE
HtEORHRLETH S, RIEERWER, TELR
RHEOBHE RS STEEICMA, F0Ld LB
RUMRBIC L A WESEEOBROAR b BN
Th5, FEHERERI AT, BHTRLsE
FORECRERER ST REORE L ER, £H0
MBI LY RE SRS, BEAEE, KM T U AR
DRBBED D, b LMESRITHHR LB &
LTV BEE, . Thh ORHEEET S RN, BB |
ABRT-RUIER S L BEMEFEHLTHNEES
5, BETHRES b ORBOEEIL; ThiIb BT
BahbEhE. b LIREYN, REROENERSR|
BER ORI L > THETE 2VEER, AR DL
T A%, SEMLESE LD ENRMEETRARE ~F |
T5 L ERBETH LR BARAE,

9 BT ROl

mH%AWwﬁﬁm%mﬁ &g#¢afﬁﬁsﬁﬁ,@@
- RCIBROTMRERTERICE S BBOWE, LT,
SRV ASEEHEER ST ATOERRENET LE
UEREANRESNIFEOS, TOhEAETHD,
ARSI o Tk, SBRAERREY . R~ BEFR
UEE T MG Lo, REICHTSAET /AT L
B LR ER LAYV, B ST T ORI,
%Sﬁﬁrg4aqlwaﬁ&§§§ram?dsg
bz,

1 RO ES
mﬁmd%ﬂmﬁkﬁwmﬁmlﬁﬁxﬁﬁrmw?m
S2TOWRORE., RRURER

3 EARBRECEETHTRBOLE

4 TR bR RS S
mA$%%%QW§SE&SVWﬁHQ$mSM$

9.2 RELBRTI3HGR, oM UDFT2RTRTH
by, FTOEERBICRTRELIEERLUS
MORHOMESRBT bhd T LAREREN D, BT
RCIET 3 BEORB (RBEoREQWEY, L¥EHE

. TMESHRRARS OB 1L, mﬁdﬁmspm__ﬂ.dﬁ%w? )
OEBERET D, |

as_far below the Hmits of allowable enviroumental

18




18 Permits should be reviewed at regular intervals,
taking into account the resuits of monitoring and the

objectives of monitoring programmes. Review of
menitoring  results will indicate whether Seld
programmes nead to be continued, zevised or

terminated and will contribute to informed decisions
regarding the continuance, medification or revocation
of permits, This provides an important feedback
meachanism for the protection of human health and the
marine environment.

change as  practicable, taking info account
technological capabilities as well as economic, social
and political concerns.

49 Permits should be reviewed at regular intervals,
taling into account the results of monitoring and the
abjectivas of monitoring programmes. Review of
monitering  results will indicate whether field
programames nead to be continued, revised or
terminated, and will contribute to informed ddcisions
regarding the continuanes, modification or revocation
of permits, This provides an important feedback
mechanism for the protection of human heaith and the
marine environment.

change a8 practicable, - taking _.E..m aceount
technological eapabilities as wéll as econoinis, social
and political concerns.

9.4 Permits showid be reviewsd at regular intervals,

taking into acocunt the results of monitoring and the

objectives of monitoring programmes. Review of
monitoring results will indicate whether field
programmes need to be continued, revised or

terminated, and will contribute to informed decisions
regarding the continuance, modification or revocation
of permits. This provides an important feadback
mechanism for the protection of human health and the
marine environment,
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