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1. INTRODUCTION

It is generally assumed that sediment disposed tfenOk Tedi Mine into the Ok
Tedi has little or no effect on the South Fly (lel&verill Junction) and the Fly Delta.
This assumption has never been tested directlythee are now claims that the
South Fly is or will be affected by deposition ofne sediment causing increased
flooding and forest dieback (Tingay, 2006).

This report examines recent changes in the SouttaRdl the Delta as observed on
satellite imagery. It covers the period 1972-2@86 so includes a significant period
of pre-mine behaviour. The aim is to identify chasgdetermine if there are any
trends, and to compare pre-mining behaviour withngfes that have occurred during
mine operation. Recommendations are then madeuftinefr investigation through
sampling of river bed sediments in selected areas.

Satellite imagery has been processed to identiistad boundaries, river and island
edges, and large exposed bars. Changes below leattrcannot be identified with
certainty because of variations in water colour ttugdal and flood conditions, both
of which affect the suspended sediment content.splite of this limitation, clear
trends can be identified in some parts of the rsygstem and these give a good
indication of long term changes.

The South Fly is a much more dynamic area tharviidelle Fly because of the large

inflow of sediment and water from the Stricklandisolating mine-related impacts

from other types of change will therefore be diffic The approach suggested in this
report is to identify areas of substantial changfeshould then be possible to check
whether mining is having an impact by sampling seglits from areas of deposition
and analyzing for geochemical properties that yoecal of fine sediment discharged

from the mine.

2. THE SOUTH FLY AND FLY DELTA — A BRIEF DESCRIPTIN

The South Fly covers that part of the river systatow Everill Junction and carries
water from the Middle Fly and the Strickland. Tégstem consists of three quite
different reaches (Fig. 1):

The riverine section extending from Everill Junotio D’Albertis Island
just downstream of Burei Junction. Flow in thiagk is downstream for
most of the time but tides do cause backup on bcdyasis.

The tidal channel which lies between Sturt Islamdl &ewada. This
reach experiences flow reversals and strong tidalvs Limited
observations by A.R. Marshall suggest a tidal ramige.5-2.5m at Muga
Muga in the middle of this reach. The tidal chanaetl the riverine
section are separated by a short transition zon&edaby shoals and
islands.

The delta itself which has the classic funnel-sageometry of a tide-
dominated system. It has three main channels arek faouth-east into
the Gulf of Papua. Wolanski and Eagle (1991) reploat local tides
range from about 3.5 m at the mouth of the delt® tm at the apex.



However, field observations by A. R. Marshall atlagla near the apex
indicate a tidal range less than this.

In the riverine section, the river occupies a narfloodplain cut into the resistant red
clays of the pre-Holocene terrace and shows evalehextensive channel migration
in the form of scroll bar complexes. There are feeander cutoffs, partly because
the floodplain is too narrow for an extensive meanttain to develop, but also
because there is active channel migration in maachres. This would destroy
evidence of past channel migration. The floodpldaes not seem to have the well
developed levees of the Middle Fly and the mainrioir water bodies are blocked
valley tributaries cut into the higher ground of tierrace.

The tidal channel is less sinuous than the chaoirtile riverine section and 5-6 times
wider. It contains fewer shoals and islands antlipies most of a narrow zone cut
into the pre-Holocene terrace. The absence of doromannel traces suggests the
zone containing the channel is regularly reworkgdchannel migration. The only
off-river water bodies are backed up tributary egdl.

The delta itself has three main distributary chésaed many bars and islands, many
of which are stabilized by mangroves. There i® @ssmaller delta on the Bamu
River immediately to the north which may be usdhi comparison with the Fly
because it has a lowland catchment area and cosstygwery limited terrestrial
sediment input. Dalrymplet al (2003) and Harriset al (2004) provide recent
summaries of what is known about water flow andireedtation processes in the
delta.

Salinity measurements indicate that the upstreamt bf salt water intrusion in the
southern distributary is about 50 km from the coaBereas salt water penetrates
about 100 km in the northern distributary. This ked Wolanskiet al (1997) to
estimate that 80% of river flow reaches the GulPapua via the southern distributary
whereas the northern distributary has only a lichide in sediment transport.

Strong tidal currents limit deposition of fine-sexdint within the distributary channels
of the delta. Fluid muds have been observed witinendelta, but their significance in
redistributing sediments is unknown (Wolanski araplg, 1991). The majority of
fine-sediment is advected beyond the Fly mouth @aswimulates offshore on top of
Pleistocene floodplain deposits (Hamisal 1996).
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Figure 1: South Fly river zones.



3. SEDIMENTATION PROCESSES IN THE SOUTH FLY

The South Fly receives sediment from both the Midelly and the Strickland. The
contribution of the Strickland remains unknown fatious estimates suggest a range
of 80-100 Mt/year. There is also some uncertastigut sediment delivery from the
Middle Fly with mean sediment concentrations of 1§/l for Chemistry Section
gulp samples, 214 mg/l for Hydrology Section gugmgles, and 342 mg/l for
Hydrology Section depth integrated samples (PiclaQ®2). This gives a range of
about 10-27 Mt/lyear. Whatever the correct valud is clear that the contribution of
the Middle Fly to the total load of the South Fimited.

The particle size distribution of material enterthg South Fly from riverine sources
can be inferred from Fig. 2 which shows the dowa®stn distribution of particle sizes

in Middle and South Fly bed material as far askibginning of the delta. From this,

it is clear that the Middle Fly adds mainly vergdisand and silt-clay to the bed of the
South Fly whereas the Strickland adds much coanséerial. The bed of the riverine

and tidal sections of the South Fly remain sandyl alose to the start of the delta

which means that mine-related sediment travelsuspension as wash load. This
sediment is most likely to be deposited overban&rosheltered bars if it is deposited
at all. These will be much easier to detect anditap using satellite imagery than

coarser deposits on the bed or in main channel bars
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Figure 2: Downstream variation in grain size dsition on the bed of the Middle and
South Fly from bed samples collected in 2001-2G@BNIL, 2004).



4. CROSS SECTION SURVEY DATA

Only limited work has been done in the riverinetmgcof the South Fly.There are
surveyed cross sections at Burei Junction, Muga éMagd Lewada. However,
reliable data exist only for the last four or fiyears.

The cross section at Burei Junction (Fig. 3) indpper South Fly shows very little
change over the period of observation but this ngbably because it lies just
downstream of a reach where the river may be cedfly resistant terrace material.
This would restrict channel widening if the terraceterial extends downstream
which is likely.

The Muga Muga section lies in a reach just dowastrérom where the river narrows
by a factor of 3-4 and probably marks a shift bemveiverine and tidal/deltaic

conditions. Analysis of satellite imagery (seeom@l shows that the Muga Muga
reach is fairly active and channel widening hasnbeecurring since at least 1972.
The cross section surveys show a well developedcimginel bar gradually migrating

to the right until 2005. The bar then diminishassize and the left hand channel
shows some infill in subsequent cross section gstverhese changes are typically
what occur in a cross section as a bar migratetsagrs or downstream.

The Lewada section lies close to the upstream émldecfunnel-shaped delta region.
The right bank seems to be pinned by terrace nahtehich limits lateral migration.
The left bank also shows little migration. The mahanges are to the bed which
shows some bar construction and thalweg migration
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Figure 3: South Fly cross section data (suppliedibgrew Marshall).




5. METHODS FOR IDENTIFYING CHANNEL CHANGE
5.1 Available Satellite Imagery

Archived LANDSAT data for the South Fly are avallafrom 1980 to 2006. There
is also a single LANDSAT 1 image from 1972. Theleaata are from the MSS
sensor with coverage in the visible green, visiblé and two near infrared bands at a
spatial resolution of 57 x 79m. LANDSAT TM dataigrom 1989 to 2006 with six
useable bands from blue to middle infrared and atiapresolution of 30m. All
images are affected by cloud cover to varying degre

Most of the useable images for the Fly Delta werquaed and resampled to a
common 30m resolution and a common map bas@orrections were applied as
necessary and included destriping, cloud and shadasking, and in the case of the
1972 imagery, correction of dropout lines. A groafpimages with limited cloud

cover and similar illumination conditions were theelected for further analysis.
These cover four 8-9 year periods, each repregerdirdifferent phase of mine
operation:

A pre-mine baseline from18 August, 1972 — 2 MaréBQ Middle
Fly sediment loads for this period have been edéthat 4-6 Mt/year
of silt and a similar amount of sand. Much of #ik would have
reached the South Fly but very little, if any, sand

The mine construction and early mine operation liesm 2 March,
1980 to 3 January, 1989. During this time, aboutVB0of tailings

were added to the river and about 36 Mt of sileesd the Middle Fly
from the Ok Tedi.

The pre-dredging period from 2 March, 1989 to 6 &wber, 1997.
About 250 Mt of tailings entered the river systenddhe Ok Tedi
delivered about 260 Mt of silt to the Middle Fly.

The dredging period which is covered by imageryrfr® December,
1997 to 4 August, 2006. About 240 Mt of tailingere disposed of
and around 245 Mt of silt reached the Middle Fiynfrthe Ok Tedi.

2 Accurate overlaying of satellite images relieshaving good tie points well distributed across each
image. This often proved difficult due to cloudseo. However, more than 20 points were used for all
images and an RMS error of less than 1 pixel atehaflose to 0.6 pixels was consistently achieved i
fitting image warping models. The 1972 and 1980gesproved particularly difficult because they
had an original pixel size of 57 x 79 m and hadbéoresampled to the common size of 30 m during
warping. All images had also been georeferenceth&yJS or Australian receiving station, sometimes
with very poor results and this had to be undonewéler, unfortunately, raw images are no longer
available. Further distortions occur because imagay have to be resampled during warping or
mosaicing and this may affect classification of evaboundaries. Bilinear resampling was used
throughout as nearest neighbour resampling addsefupositional error. Visual checks of positional
accuracy suggest that most errors between imageless than 2 (30m) pixels but there may be larger
distortions at image edges.



Annual tailings disposal from the mine and siltdely to the Middle Fly from the Ok
Tedi are listed in Table 1

Table 1:Mine Tailings and Fine Sediment Input

YEAR TAILINGS (Mt) SILT DELIVERY TO

LOWER OK TEDI

(from OKGRAV) Mt
1985 2.38 2.41
1986 3.1 5.54
1987 9.72 10.67
1988 14.93 17.39
1989 23.6 36.38
1990 27.42 36.85
1991 27.01 36.90
1992 26.74 30.02
1993 28.62 23.33
1994 29.71 26.47
1995 29.52 30.02
1996 28.51 27.81
1997 15.47 19.13
1998 24.46 23.60
1999 30.88 30.70
2000 28.59 31.98
2001 30.65 33.10
2002 29.68 31.49
2003 27.45 29.04
2004 25.59 26.68
2005 25.59 25.29

A slightly different dataset was acquired for theerine section of the South Fly
because of cloud cover. The images cover the gi&rio

19 August, 1972 to 19 June, 1980 for the pre-maselne

19 June, 1980 to 15 January, 1991 for the construand early mine
operation period.

15 January, 1991 to 12 August, 1997 for the prelgirg period.
12 August, 1997 to 5 August, 2006 for the dredgiagod.

Image details and tidal conditions are listed ibl€a 2 and 3.



Table 2: Fly Delta Imagery and estimated tide hisigor the Fly Delta area.

DATE PATH/ LAND SENSOR TIDE TIDE
ROW SAT HEIGHT HEIGHT
DARU KEREMA
18-Aug-72 | 105/66 |1 MSS 1.67 1.06
15-Nov-79 | 105/66 |3 MSS
2-Mar-80 | 105/66 |3 MSS 1.63 1.16
18-Jun-80 | 105/66 |3 MSS
31-Oct-80 | 105/66 | 2 MSS
13-Nov-81 | 105/66 |2 MSS
28-Mar-82 | 105/66 |3 MSS
12-Dec-86 | 98/66 5 MSS
31-Oct-88 | 98/66 5 ™
3-Jan-89 | 98/66 5 ™ 2.66 1.84
14-Feb-93 | 98/66 5 ™
8-Mar-95 | 98/66 5 MSS
8-Mar-95 | 98/66 5 ™
21-Dec-95 | 98/66 5 ™
7-Dec-96 | 98/66 5 ™
6-Sep-97 | 98/66 5 MSS
6-Sep-97 | 98/66 5 ™ 2.13 1.53
16-Feb-99 | 98/66 5 ™
1-Mar-01 | 98/66 7 ETM
1-Dec-02 | 98/66 7 ETM
1-Mar-04 | 98/66 5 ™
20-Mar-05 | 98/66 5 ™
4-Aug-06 | 98/66 5 ™ 1.62 1.05

Table 3: Imagery for the riverine and tidal sectiah the South Fly.

DATE PATH/ LAND SENSOR
ROW SAT
19-Aug-72| 106/066 1 MSS
19-June-80 106/066 3 MSS
15-Jan-91| 98/66 5 ™
12-Aug-97| 98/66 5 ™
5-Aug-06 | 98/66 5 ™

5.2 Identifying Bars, Islands, Banks & Coastal Boaries

The method used to detect change in the river tower was to identify the area of sea
and river water, separate it from land or exposad,band to see how the land area
has changed through time.

Initially, it was intended to compare images dikgdfter standardizing radiance
values to reflectance by adjusting for differenaessun elevation and instrument
calibration. However, because atmospheric effgaty from image to image and



even within individual images, this approach prowegbossible. Instead, areas of
water in each image were classified separatelygusaining areas. The classified
images then had to be cleaned manually to maskooatised effects of instrument
noise and to remove effects of cloud and shadohis ffroduced a set of land /water
boundaries.

Where land/water boundaries were obscured by clthey, were interpolated from
the next available image in the archive. In theecaf the 1972 imagery, missing
boundaries were interpolated from 1969 1:250,00psna

Initially, tidal variation effects on boundaries ree¢hought to be a problem. However,
there is enough imagery available with limited clocover to ensure that tidal
variation at the coast was 1 m or less (Table RtHe selected LANDSAT scenes.
The effect of wind funneling within the delta adets progress upstream, and of river
flows on water surface elevations remains unknown.

In most cases, exposed bars can be separated feder wsing visible and near
infrared reflectance, especially where even venarsp vegetation is present.
Submerged bars in the river below water level arevisible on the satellite imagery
because of high water turbidity. However, there arfew cases where normally
submerged bars can be seen because of exceptitovallyater levels or clear water.
An example from a LANDSAT scene acquired during 1887 drought is shown in
Fig. 4 and is compared with a scene from Augus@620The very dark bars (D)
appear to be below the water level but are diffitalseparate from cloud shadows
(C). Also, they do not appear consistently frorarscto scene. These bars have been
treated as part of the submerged area when digitizoundaries.

10



1997

2006

Figure 4: Sections of two LANDSAT images from theerine section of the South
Fly showing how land-water boundaries were idesdifiA denotes a vegetated island.
Most of B is an exposed bar thought to includedsaaf vegetation and was classified
as land. C identifies cloud shadow. D is a pastlgmerged bar. Its central area was
classified as water whereas the left and right hedgks were identified as land. E is
turbid water.
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6. CHANGES IN THE SOUTH FLY 1972-2006.

Detailed information on channel migration patterasd areas of erosion and
deposition above water level is presented in Sectio However, it is useful to have
an overview of channel changes before considehaglétail.

Tables 4, 5 and 6 provide information on erosioped#ion ratios for the riverine,
transition and tidal zones. The erosion valuegatd area of land lost by bar erosion
and channel migration, the deposition values shew hand created, and the
erosion/deposition ratios measure the net balambe. delta has been excluded
because the processes are marine dominated andssoimg&nt enters from the Gulf
of Papua making the situation too complex for apsinanalysis based on river inputs
alone.

In the riverine zone (Table 4), there is both wstland gain depending on the period
involved. Overall, however, the pre-mine and eaniping period when little mine-
related sediment entered the South Fly, the sitnatias roughly in balance. During
the mining period, there was substantially moresiero than deposition. This is the
opposite of what might be expected with a substhimtput of fine sediment from the
mine. The major increase in erosion occurred df#97 which suggests a climate
impact since there was a major wet period afted 88/ drought.

TABLE 4: EROSION/DEPOSITION RATIOS
— RIVERINE ZONE
EROSION | DEPOSITION | EROSION/
PERIOD km? km? DEPOSITION
RATIO
1972-1980 8.11 5.46 1.48
1980-1989/91 6.03 7.59 0.80
1989/91-1997 3.73 4.54 0.82
1997-2006 7.83 4.55 1.72
Pre-mine — Early mine 8.34 7.25 1.15
average 1972-1989/91
Mining period average 8.11 5.64 1.44
1989/91-2006

The transition zone (Table 5) is where significdaposition might be expected since
the large number of shoals in the area suggest cawader effect from tidal
influences. Instead, there has been more eroki@n tieposition in both the pre-
mining and mining period. Indeed, the erosion/ditmm ratio has increased since
1997 although the area involved is less. The réoluan area could reflect an
increase in sediment load caused by mine derivegrimhbut the evidence is far
from definitive. A sediment sampling program (S&ct7) should confirm or deny
this possibility.

12



TABLE 5: EROSION/DEPOSITION RATIOS
— TRANSITION ZONE
EROSION | DEPOSITION | EROSION/
PERIOD km? km? DEPOSITION
RATIO
1972-1980 9.50 2.78 3.41
1980-1989/91 6.64 5.01 1.32
1989/91-1997 4.75 3.13 1.52
1997-2006 6.65 2.43 2.74
Pre-mine — Early mine 13.28 4.94 2.69
average 1972-1989/91
Mining period average 9.52 3.68 2.59
1989/91-2006

The tidal zone (table 6) shows more erosion thaoosidon throughout the period of
investigation. The area of deposition has alsoedesed over time. This is not what
would be expected under an increased load of &darent.

TABLE 6: EROSION/DEPOSITION RATIOS
— TIDAL ZONE
EROSION | DEPOSITION | EROSION/
PERIOD km? km? DEPOSITION
RATIO
1972-1980 13.95 7.19 1.94
1980-1989/91 13.53 10.18 1.33
1989/91-1997 11.64 3.28 3.55
1997-2006 14.43 3.22 4.48
Pre-mine — Early mine 21.35 11.24 1.90
average 1972-1989/91
Mining period average 23.91 4.34 5.51
1989/91-2006

7. PROPOSED SEDIMENT SAMPLING PROGRAM

Observed changes in the river system are showhenfdllowing 14 images with
locations illustrated in Fig. 5. The data have dlsen provided as georeferenced tiff
and ARCGIS shape files on the accompanying CD. s@liges should be used for
more detailed examination of change in specificaarand for detailed design of
sediment sampling activities.

The first image shows the whole of the Fly Deltgetiner with the location of each
sub-image. The sub images show the system in ABG6. Channel, island and
bar locations in 1972, 1980, 1989/1991 and 1997ueelaid on each image. Areas
of substantial change are identified by a numbereach one is briefly discussed in
an accompanying table. Those areas of change wdfiolw substantial sediment
accumulation should be sampled on the ground totifgewhat proportion of mine-
derived sediment is present.
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Given the scale of the South Fly, a sampling regimased on regularly spaced
transects down the river may not be the best wayesdb whether mine-derived

sediments are having an impact. The suggesterhatiie is to select a range of
sedimentary environments undergoing rapid changet@sample across them. The
resultant transects should be separated into diffesections on the basis of age of
deposition. This should allow comparison of prd post-mine deposition.

The Strickland adds much more sediment to the SBiytithan the Middle Fly. It is

therefore unlikely that channel changes and depasttill result from mine sediment
although they may have been accelerated slighflge most likely areas of mine-
related deposition might be where sedimentary enuirents result in preferential
deposition of particular particle sizes or heavignerals. The sampling program
suggested below targets areas where this might.occu

14



Figure 5: Locations of South Fly images
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OBSERVED CHANGES AND COMMENTS - IMAGE 1

General This reach is the most active in the meersection of the South Fly. The river is activatgandering and, in some reaches,
developing mid channel bars, usually just upstredmonstrictions. The bars at (4), (5) and (6)ldall be sampled as they mpy
contain coarser material or heavier minerals tharpbint bar and overbank deposits.

1 The only cutoff on the South Fly occurred betw&6i2 and 1980. Since then, both entrances toutu#f have been filled and tle
channels are developing through the sediment plufike meander immediately downstream of the sonthletoff entrance
continues to migrate very rapidly and is likelylieeach the side of the cutoff soon, creating amathérance. Given the dramajic
changes that have and will occur in this reachedinsent sampling transect could be set up acrassstand/point bar that has
developed on the northern side of this meandere fféinsect should cover both pre and post-mine dié@o to determine thp
proportion of mine-related sediment present. Sarmg@hould use pits or cores as there may be aevarianine-related sedimept
across the surface of the whole deposit.

2 This meander has shifted north by close to 1 kmes1972. In 1980, it contained a large mid clkhrbar which has singe
disappeared as the river gradually shifted fromdhannel on the southern side to the one on thiéh.nofhis area is a suitabje
location for a sampling transect across pre andrposng deposits. However, as with (1), pits ores will be necessary.

3 This meander has migrated NE by about 900m sI8d@ with most of the activity since 1980. It wabyrovide an alternative
sampling location to (2) if access is difficult.

4 Meander migration of 300-400m to the east ofllldbenost of which occurred between 1980 and 198ihce then channel positign
seems to have stabilized. A possible locationctamparison with other meanders which have contirtoeghigrate during ming
operations.

5 A reach which is has increased in width sinceimgirstarted. It is now developing a mid channeldrad moving into the westefn

channel as a prelude to meander development. Tdhehlannel bar should be sampled since it may geosi different sedimentafy
environment to sites 1-5, all of which are pointsb& overbank deposits.
6 A slowly moving meander complex with a mid chdrver. It may provide a location where overbangpatdts are more importapt
than point bar deposits. Sampling may be usefuiruestigate in the field first.
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General

OBSERVED CHANGES AND COMMENTS - IMAGE 2

A relatively stable reach of the South physsible because the river occupies a narrow fllada and lateral migration is limited By
resistant terrace material (also see the Bureitilumcross section — Fig. 3). There are many apéésrest (as opposed to grasq in
the reach upstream) suggesting an older and hitgmdplain due to lack of meander migration andréfiere a longer period ip
which overbank deposits can build up. Samplinthia reach would aim to compare older and morentegeerbank deposition §t
the same site. It would also allow comparison i area of rapid sedimentation upstream. Toedhdf a sampling methodology
similar to that used on the levee transects irMitgglle Fly would be suitable (i.e. pits spaced glaransects across the levees pnd
into the floodplain beyond.
A possible point bar complex sampling site justvdstream from a channel constriction. A transecbss both banks is suggesfed
with concentration on the west bank where the paamtshould be well-developed.
A fairly stable mid-channel island allowing comigan with more recent mid channel bars in the megstream. Also a possildle
location to check for overbank deposition of fieglisnent.
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General

OBSERVED CHANGES AND COMMENTS - IMAGE 3

This reach contains the transition zongef)nbetween the riverine and tidal reaches ofSingth Fly. The channel has stable bgnks
and shows little sign of migration. However, itliisely that the river deposits some of its bedldede as there are a number of

shifting bars and islands. Some of the bars wezegmt in 1972 and there were substantial chargf@gebn 1972 and 1980 as well
as after mining started. This reach seems to leremMine channel bed material is coarser than drer otach of the South Fly (Fip.

2). Since very little sand escapes from the Midedie mine-related material on the bed of this reabould be limited. Howeve
finer fractions may occur on the bars and islands.

Sampling is recommended on one of the dynamic+ticinnel bars where there is a clear history ahgh. While there are sevef

candidates, the bar immediately NW of label 1 shgmsiual movement downstream. A SW-NE transecsadhis bar should giV
a good history of the type of material depositetivieen 1972 and 2006.

The bar immediately NW of label 2 has been faithble since 1972 but it may be overtopped atiate. Sampling should indicafe

the type of material deposited during these evamiswhether there is segregation of mine-relatete maa
A floodplain transect at (3) or a similar locativould be useful as we know little about overbdekosition in the transition ar
tidal reaches.

',
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OBSERVED CHANGES AND COMMENTS - IMAGE 4

General This reach is in the tidal zone. The cbhboundaries are mostly stable as much of thenresaprobably cutnto terrace material
There has been some channel widening since 197théuate does not seem to have changed over ti@mmss section surveys |at
this site show that a submerged mid channel barbeayoving upstream or downstream and the locatidhe deepest channel has
changed. Another bar, immediately downstreamsds atoving but this process has been occurringfairlg constant rate sing
1972 so it is a pre-mine phenomenon that has asedin The reach containing the Muga Muga crossasei experiencing ban
erosion and channel widening and this may be theecaf the recent changes in bar configuration.

1 One of the few areas within the reach contaitiages of a former channel and therefore likelpedow enough to experience some
overbank deposition. A floodplain transect onwest bank should be sampled to see whether mineedesediments are present

A~ D
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OBSERVED CHANGES AND COMMENTS - IMAGE 5

General This reach covers the lower half of thaltmbne and the start of the delta. There is dlsmaunt of bank erosion on the north s|de
followed by construction of a large island (1) indragely downstream of a channel widening. A baals® developing on the south
side of the river on the Lewada cross section.s Blair also shows in the cross section survey (hght side, Fig. 3). Overall, the
channel boundary in this reach seems fairly staltf®ugh changes in the bed can be expected asidazkp and migrate.

1 The island immediately east of label 1 has bemamldping since 1972 and gradually shifting norfthe channel on its north sigle
may be infilling and there is deposition on thethern riverbank next to it. If mine sediment igngeselectively deposited, thjs
would be a good location to show it. A transeabas the island and the post-1972 deposition zonth@ northern riverbank |s
recommended.
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OBSERVED CHANGES AND COMMENTS - IMAGE 6

General This reach covers the start of the délltae river banks are stable but there are many @sog the various bars and islands. Most
of these are incremental but a few of the sma#ilands have developed since 1972 and two havepsiaggd. It is difficult tg
generalize the changes but most of the bar anddigtanstruction occurs in the north and centrehefgystem and there is mqre
erosion on the upstream sides of bars and islaniteisouth.

1 The island marked by label 1 has developed gigdsiace 1972. A transect from the western edgstweards through the varioyis
depositional stages should indicate whether miteta@ sediments are being preferentially deposited.

2 The island north of label 2 has largely develogpiede mining started. Sampling here would giywad indication of whether mine
sediment is implicated.
3 The island south of label 3 is not proposed sanapling site. However, it shows an example ofumson where bar enlargement|to

the south has the potential to reduce channel wikirs is compensated for by erosion on the sontkdge of the island located |to
the north east.

No further sites are proposed for sediment samjfirige delta. However, the following images ithase what changes are taking place there.
Comments are provided below each image.
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This area, covering the northern part of the dsltargely stable apart from island constructiothia west dealt with on Image 6. The northern
channel is thought to be fairly inactive since ik of sediment is delivered to the Gulf of Pagluaugh the southern distributary.
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Image 8 shows the seaward edge of the central d@daindicates coastal retreat on parts of trensed edge directly
facing wave action driven by south easterlies. i@htifies deposition in sheltered areas on |lexesh

29



Image 9 shows the seaward edge of the southemn d@) indicates coastal retreat on parts of g#anard edge directly
facing wave action driven by south easterlies.
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Image 10 shows the seaward edge of the central. dgl) indicates coastal retreat on parts of Haward edge directly
facing wave action driven by south easterlies. i@htifies deposition in sheltered areas on |lexesh
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Image 11 shows that the coastline immediately sotuithe Fly Delta is stable.
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Image 12 shows the delta of the Bamu River to tréhrof the Fly Delta. (A) indicates coastal ratren parts of the seaward edge directly
facing wave action driven by south easterlies. e@tiise most of the area is stable reflecting smaler and sediment inflows from upstream.
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8. IDENTIFYING A MINE SIGNATURE IN SEDIMENT SAMPLES

Given the uncertainty in identifying whether thése significant mine impact on the
South Fly, it would be useful to check pre and posting deposition rates. The best
way of doing this would be estimate the amount ofewrelated sediment present on
the basis the geochemical signatures of deposit@rial. A two step approach is
suggested:

Firstly, determine whether mine sediments are ptessd in what
proportion using geochemical tracers. This sh@iNeé an indication of
how important mine-related sediment is in addingeposition.

Secondly, attempt to refine these results by estigaelative input from
the Strickland and the Middle Fly on the basis ofiehment rations.
This will require much better information on theoghemical properties
of Strickland sediments than currently exists.oinfation on the Middle
Fly is better but may need more work on geochengoaperties by grain
size.

Bolton et al (in prep & pers. comm.) provides an extensive aaviof system
geochemistry including information on enrichmerttas (Fig. 6). He concludes that
nickel is the only element to show enrichment re¢ato the sediments of the Middle
Fly in both sediments of the Lower Fly and StricidaNickel is anomalously high in
the sediments of the Strickland and much higher thahe Middle Fly. The source of
nickel is likely to be the volcanic rocks from MduBosavi. The plot suggests that
there is little if any dilution of the Ni signal dmstream of Everill due to input of
sediment from the Middle Fly. This indicates thiaé¢ large volumes of water and
sedimentcoming out of the Strickland almost completely swathe Middle Fly
signal. It may therefore be possible to use nielsedh marker of Strickland sediment.

Bolton also concludes that both sulphur and copmerd be suitable tracers of mine
sediment on the basis of enrichment ratios (Fig. 6However, both (together with
nickel) can be expected to vary with particle sspeit will be important to analyse
samples by size fraction and also to determine pghgicle size distribution of
deposited sediments from which the samples wererdraAlso, only very limited
data were available for the Strickland when theichmment ratios in Fig. 6 were
calculated so there will need to be a significdfdreto sample both the bed material,
suspended load and floodplain sediments of theksnd.
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Figure 6: Enrichment ratios for sediments from tltver Fly normalized against
material from the Strickland and Middle Fly (fronolBnet al, in prep.).
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