Gorgon Development Assessment of Directional Drilling

4  Results

4.1 Suspended Sediment Concentrations

Simulations indicated that sediments suspended by discharging from the conduits would tend to
drift southwards from the Flacourt Bay site and northwards from the North White’s Beach site
(Figure 2 and 3), reflecting the strong influence of tidal currents on local hydrodynamic flows.
Analysis of the vertical and horizontal distributions of discharged material by particle-class
indicated that coarser cuttings material will tend to settle locally (< 1 km) to the discharge sites, but
clay (contributed by bentonite) and fine silt (generated by rock drilling) would remain suspended in
the lower water column for extended periods of time (days). Current speeds are predicted to be too
high to allow faster settlement of these fine particles.

If bentonite is discharged from Flacourt Bay, elevated levels (> 1 mg/1 above background) of
suspended sediments are expected to potentially extend beyond Boodie Island at times. Locations
as far south as Middle Island are expected to expetience instantaneous concentrations > 25 mg/1.
There were relatively minor differences in the potential zone of influence predicted from
simulations using currents predicted for June through to December, indicating that the tidal
currents predominate. Onshore winds typical of summer tended to result in material drifting closer
to the coast compared to winter, when offshore winds are more common. Instantaneous
concentrations of bentonite at > 250 mg/1 where predicted to occur up to 8 km south of the
Flacourt Bay discharge site at any time from winter to summer. Biggada Reef was predicted to
expetience instantaneous concentrations exceeding 300 mg/1 during all simulations of discharge
from this site.

Simulations of bentonite discharge from the North White’s Beach site indicated that elevated
concentrations of bentonite (at up to 150 mg/1) would consistently occur around the North end of
Barrow Island. Bentonite particles were predicted to migrate northwards and to become trapped
within the strong tidal currents that operate in this area, although some bentonite is also expected
to drift southward along the coast under winter conditions. Figure 4 shows predictions for the
plume that could be generated by discharge at North White’s Beach at hourly steps. Results show
that material is likely to be transported clockwise around the northern end of Barrow Island on a
flooding tide, but will tend to migrate directly westward on an ebbing tide. Consequently,
sediments are not expected to migrate back towards the discharge site. Reversal of the strong tidal
flows around the north end of the Barrow Island were also predicted to result in a concentration of
the suspended plume at the change of each tide (e.g. see steps C to D in Figure 4).

Analysis of the time-varying concentrations expected over given locations (Figures 5-8) indicated
that movement of the plume is likely to result in repeated episodes of relatively short-term
exposure, rather than chronic exposure. Typical return periods between exposure to elevated
concentrations varied from location to location and with the discharge site. In general, locations
along the west coast are expected to have shorter return periods (i.e. more chronic exposure)
because tidal migrations are shorter along this coast. In contrast, locations off the north-east coast
of Barrow Island are only expected to experience elevated concentrations twice per day at the top
of each tide (i.e. at the end of each flood).

Table 3 lists the criteria that were specified by RPS-BBG as indicative of impacts of sedimentation
and suspended sediment on corals, based on a review of the available literature. The criteria for
suspended sediments relate to impacts through suppression of light levels and thus consider
exposure during daylight hours only. Based on these criteria, discharge of bentonite at North
White’s Beach would be expected to cause total mortality only to corals in the immediate vicinity
(within < 200 m) of the discharge. Partial mortality would be expected over a 3 km long strip
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extending south of the discharge and the zone of influence would extend from approximately 4 km
south of the discharge to the north-east corner of Barrow Island (Figure 9).

Table 3: Criteria Used to Judge the Significance of Suspended Sediment Concentrations

Effect Time frame Concentration Rate of occurrence | Consecutive
days

Total coral mortality | Short >25 mg I > 6 hours per 5
daylight period*

Partial coral mortality | Short >25 mg I > 6 hours per 2
daylight period*

Zone of Influence Short >1 mg 1! > 1 hour at any time 1

(no mortality)

*6am to 6 pm

It should be noted that bentonite may cause other impacts beyond reduction of light levels, such as
interference with feeding or smothering of polyps, and thus the threshold concentrations and
consideration of day-time exposure only may not be appropriate to judge potential impacts on
corals. The time-series results showing expected changes in suspended solid concentrations over
time (e.g. Figures 6 and 8) would be more appropriate in this case.

Discharge simulations assuming that cuttings are released with a water-based polymer indicated a
much reduced zone of potential influence by suspended sediments in comparison to the bentonite
case (Figures 10 and 11). Suspended solid concentrations were not expected to exceed 25 mg/1
beyond the immediate location of each discharge and concentrations > 1 mg/1 suspended
sediments were only expected to occur within 2-3 km. Plumes with > 1 mg/1 were predicted to
only cover an average area of 0.05 km? at any given point in time (compared to 5 km? with
bentonite). Similarly, concentrations of suspended sediments expected over time at any location
were two orders of magnitude lower where bentonite was not discharged. This effect is illustrated
in Figure 11 for a location on Biggada Reef, given discharge at Flacourt Bay under identical
conditions with and without bentonite. Based on the criteria given in Table 3, partial or total coral
mortality would not be expected for any location beyond the immediate discharge.

Suspended sediment concentrations quoted here were based on multiple simulations under
different conditions and assumed that there were no background concentrations of suspended
sediments generated by previous discharges. Tests for overlap between simulations, by running
simulations for up to 15 days beyond the end of discharge indicated that some bentonite could still
remain suspended within the study area after 7-10 days, but cuttings sediments were not expected
to remain suspended for more than five days. These results indicate the potential for compounding
of the suspended sediment concentrations for bentonite from one discharge to the next. It should
also be noted that modelling assumed that sediments did not resuspend after settling. However, as
the west coast of Barrow Island is subject to wave action, there is also the potential for
compounding of the suspended sediment loads by fine sediments that have been resuspended by
wave action. Studies by Environment Canada indicate that bentonite can be readily resuspended
into the benthic layer by wave action, but the material then sinks when waves dissipate (Milligan ez.
al. 1996).

4.2 Sedimentation

Calculation of cumulative sedimentation, based on combining the sedimentation resulting from
each of the ten independent discharges for each combination of site and discharge type and
assuming that there is no resuspension and redistribution of sediments between each period of
discharge, indicated that a significantly larger area of seabed would be impacted if bentonite was
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used as the drilling fluid (Figure 12 to 15). Bentonite discharged at Flacourt Bay was predicted to
settle along the full extent of the Barrow Island coast from Boodie Island to the north-eastern
corner of Barrow Island (Figure 12). Concentrations within Flacourt Bay were predicted to exceed
12 kg/m? near the discharge and concentrations > 1 kg/m? are expected to extend up to 3 km to
the north and south of the discharge site. Concentrations > 10 kg/ m? are predicted to accumulate
on Biggada Reef. In contrast, a much reduced sediment pile was predicted for discharge of cuttings
with polymer (Figure 13). Concentrations were predicted to peak at approximately 500 g/m?
around the discharge and at < 150 g/m? on Biggada Reef.

Discharge from North White’s Beach is expected to result in sedimentation over the tidal channel
around the north end of Barrow Island (Figure 14). A more even spread of sediments with lower
peak concentrations were predicted for discharge at this site due to the higher current speeds to the
north. Peak concentrations were predicted to occur on the reefs and channel edges along the tidal
path. Discharge with bentonite was predicted to result in peak concentrations at up to 10 kg/m?
adjacent to the discharge point and up to 5 kg/m? on some of the reefs. In contrast, discharge with
polymer is expected to generate peak sedimentation of < 250 g/m? at the discharge point and <
100 g/m? on reefs along the tidal path (Figure 15).

Results indicate that a continuous layer of sediments would be expected on the seabed within an
elliptical area surrounding the discharges. The area was predicted to be considerably larger for
bentonite discharge compared to polymer-based discharge. As stated, these results assume no re-
suspension of sediments. If resuspension is an important process, then resuspended sediments
would be subject to the tidally-dominated currents acting over the study area and thus, over the
shorter-term, would be expected to redistribute within the same area of effect predicted for first
settlement. Consequently, resuspension is likely to result in a more even distribution of sediments
rather than an increase in the field of effect. Thus, results presented here would tend to
overestimate the near-field concentrations but under-estimate the far-field concentrations.
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Figure 5: Maximum instantaneous concentrations of suspended solids predicted for
locations surrounding the North White’s Beach discharge site (shown by the white
marker), given a 5 day discharge of bentonite and cuttings (simulation period of 8 days).
Site markers relate to details shown in Figure 6.
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Figure 7: Maximum instantaneous concentrations of suspended solids predicted for
locations surrounding the Flacourt Bay discharge site (shown by the white marker),
given a 10 day discharge of bentonite and cuttings (simulation period of 8 days). Site

markers relate to details shown in Figure 8.

Appendix B6 Gorgon Assessment of HDD 9Aug052.doc

19



0e 20p 750Ny 6 (TIH JO 1uawssassy uosron) g¢ xipuaddy

‘pouad ayj Buunp anjeA wnwixew ay} si dajs awi} 3se| Je umoys juiod ayj (z) ays yoea je suonenea Jybijybiy o3 sjojd Buowe salieA
SIXe |edI}aA 8y} Jo ajeds ayj (1) 8joN "a4nbi4 ul pajesipul suoiea0| 104 pajolpald syuswipas papuadsns Jo suoljesjuaduod Buikiea-swi] :g ainbi4

(sAep) awil (sAep) awiL
0. 6 8 L 9 § ¢ & T L0 Z kL 0
B R BULE L mamill! 1] ___________._.o
4oL ——13 2
Sl 4 w. {06 w.
5 = = =
= 0 W_ =i W_
. o B o
—or 3 P
] a “ - a
“ s -+ 621
- H H
Lt Lw || b : e w
HLOTESTT 'S S08L 0T HETHESTT 'S £T9L0T
H21S a=ns
(sAep) awiL (sAep) awiL (sAep) awil
e 2 E 0 oL 6 0
——T 0 ._..ﬂ._l._d__l -0 0
h_n. ] T _____M ._ma..a.w ..” : 3 _w
el ERT4 .T_.ﬂ._.__... £ Tl + os Els
= 1 E
: - 05 [ ([ %] 1 B - 00k
] 1% B oo 2 S wi |
_ 1 6L x | ._ = ek = = 05k
= = 3 = = ] =
. ~ 0oL 2 o | _ 2 by & o0z §
3 2 . : 00z & 1 ocz 2
sk 9 = 9 3 Q
< o1 3 = {® 8
3 3 ! — 08¢
. 4 sn . : _ =Bl | i
— ooz T : st | » ] o
HTSSESTT 'S T0SL0T H£99€°STT 'S 6HHL 0T H COLESTT S 0SHL 0T
BN o s V aus

SUI[II(] [EUORIIII(T JO JUIWSSISSY/ 1uowdoead(] uodion)



6502

280

0908

14 20p 750Ny 6 (TIH JO 1uawssassy uosron) g¢ xipuaddy

*sAep aA1}N23SU0I Z Jsed| je 10} sunoy JybijAep Bulinp sinoy +9 10} pajoadxa ate |/bw
GZ < 919YM SuOoljed0] SMOYS }asul ay] ‘SAep aAl)ndasuod G 1o} Aep Jad 1y | }sea| Je 10} pajoadxa ale |jBw Ggz< alaym suoljeso] smoys abewi uiew
ay]l "yoeag s, 9HYM YHON }e abieyosip ajiuojuaq o} anp |/bw Gz paaosxa 0} pajoadxa ale suoljeljuaduod pijos papuadsns aiaym suoijeso] :¢ ainbi4

L L W |
LM £ I ER ]

D579 PETOD (uniafog

arcil LTGLL arGil STGLL FrGLL ErGLL [Aa LFELL FGLL GEGLE

ue | 50 SE0 0

|
0Swa FEVIO (uoiaalnig |
|
|

LL0E

|

|

|

T
L0E

69 0

|
|
|
L _ 1] _L
|
|
|
T
890z

090

099 0Z

[ I [ —
059°0Z

|
|
|
|
- — - — 4+ - - - - =4+ - - - d - - - == - - -+ - - -
|
!
!
T

| |

| | |

| | | I
B
= T T T
5

|
|
|
i T T T T
= 2FCLL ZFCLE SFCLL SFCLL FECLL CFCLL ZFCLL LFCLL FCllb EECLE

SUI[II(] [EUORIIII(T JO JUIWSSISSY/ 1uowdoead(] uodion)



20p 750Ny 6 (TIH JO 1uawssassy uosron) g¢ xipuaddy

*SM3IA 39U} JO UOIJeI0| 9y} SMOYS }asu| "laquiadag
wiou} si ainbyy Jybu ‘aunpe wody s1 ainbiy a7 "sjpualind jo ajdwes Aep-Q| Jualtapip e uaalb abieyosip jo sAep ] wou} awWo3N0 3y} smoys ainby
yoex “swAjod yum sbuipno jo sabieyosip wouy pajoipaid spijos papuadsns Jo SUOIJRIJUSIUOD Shoduelue)sul wnwixew ay) jo sajdwex3 ;gL ainbi4

059 <- 05k
08¢ < 08L
081 <SLL
GLL <62
62 <08 Aeg 1u1nooe|4
0§ <0

_ S.aIUM
| YMON

SUI[II(] [EUORIIII(T JO JUIWSSISSY/ 1uowdoead(] uodion)



€C

20p 750Ny 6 (QIH JO 1uawssassy uodron) 9 xipuaddy

"S10]d Uoomja( JojJip SOXe [BoI1IoA oy} Jey] aJ0N JowAjod paseq-iajem (q) pue

Aejo ayluojuaq (e) Buisn Aeg jinooe|4 jjo abieyossip 1o} joay epebbig 1o} pajoipasd suoljesyuasuod pijos papuadsns ay) jo uostiedwo) : | ainbi4

(sAep) swiL
oL 6 8 L 9 S 14

DWAoq

(sAep) swnL

0 oL 6 8 l 9 S v £ z L 0

T T -0

&+ g0 s 3

S R if.&.i TR 1 e

B -~ o — 0§

1 v ] 5
= — g, X
-0 i . ] s
o : . . sz §
4 . - a
+ g€ -+ 0§} °
+ o = ¢J1

+ oy -

- [ - ] GQN

1 o .

Ao YH

SuIII(] [PUORDIII( JO IUIWISSISSY 1uowdoead(] uodion)



Gorgon Development Assessment of Directional Drilling

-20.55
-20.6 I
-20.65 I
-20.7- R
-20.75-| I
-20.8- I
16000
8000
-20.85— e/ L 1
.8 . 4000
=]
f R < 2000 ‘g,
209 .0 T
I [ [ \ \
l'¢ | | \ | 1000 E
o | | | | 500 =
2095 N o ©
| & | | | | 450 E
O\M . \ \ \ \ 400 E
21 e | | | S
11525 1153 11535 1154 11545 1155 115.55 350 O
300 g
250 @
-20.721 @
200 @
150
-20.74- 100
50
1
-20.76
-20.78 \ ! \ \
115.32 115.34 115.36 115.38 115.4

Figure 12: Contour plots showing the cumulative sedimentation predicted for discharge
of bentonite and cuttings off Flacourt Bay, assuming no re-distribution of sediments
after initial settlement.
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Figure 13: Contour plots showing the cumulative sedimentation predicted for discharge
of polymer and cuttings off Flacourt Bay, assuming no re-distribution of sediments after
initial settlement.
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Figure 14: Contour plots showing the cumulative sedimentation predicted for discharge
of bentonite and cuttings off North White’s Beach, assuming no re-distribution of
sediments after initial settlement.
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Figure 15: Contour plots showing the cumulative sedimentation predicted for discharge
of polymer and cuttings off North White’s Beach, assuming no re-distribution of
sediments after initial settlement.
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