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- SYNOPSIS

ATIM
To up-date the overall reserves of economic mineral sands at Naracoopa,

following work undertaken during November, 1988 and January-February, 1986,

REASON

National Mineral Sands Pty. Ltd,, as operators of a joint venture with Peko
Wallsend Ltd. and Sanidine N.L. are evaluating the feasibility of recovering
known heavy mineral sand resources at Naracoopa on King Island. The principal
economic minerals comprising these sands are rutile and zircon which are

currently undergoing buoyant market conditions.

SUMMARY & CONCLUSIONS

3.1 Drilling on the north end of the Lanherne Beach deposit has more closely

defined the extent and grade of mineralisation.
3.2 Drill holes on the line called "Tip Road" were infilled to 20m. spacings.
3.3 Two additional lines were completed on 1600N and 1800N at 20m..spacings.
3.4 The Tip Road line average grade increases from 2.3% to 3.47%7 heavy mineral.

3.5 Overall raw sand tonnage on Tip Road line drops from 460,800 t to

240,800t.

3.6 On Sea Beach and Milford Beach drilling was undertaken on lines 1600N,

1800N and 2000N.

3.7 Mineralisation above 1,5% cut—off was intersected on each line.



[ ]

Ly

5 542007
3.8 A total increase of 8,000 t of heavy mineral occurs in the combined area
of Milford and Sea Beaches, as shown in Tables 3 and 4.
3.9 Results previously not available from drill holes 60E, 80F and 100E from the
600N line within the Lanherne Beach sand tailings are shown in Figure 7.

3.10 Recalculation of the resource estimates for sand tailings (Table 5) on the
600N line show a resultant nett down-grading of the resource.

3.11 Hand drilling on line 700N was carried out to extend the line to the bank
of the Frazer River.

3.12 The resource estimates for Lanherne Beach sand tailings (Table 5) have been
modified to include these holes. An up-grading of the resource has resulted.

3.13 Overall, the resocurce estimates (Table 8) have not altered from those
recorded in Report No. 20/88, however there is better definition of the
boundaries and the grades.

3.14 Initial investigations were carried out by Readings Metallurgical Services
to determine the response of ilmenite to magnetic beneficiarion, and are
recorded in Section 8.

RECOMMENDATIONS

That further geological investigations be deferred until a favourable feasibility

study is available.
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INTRODUCTION

During March and April, 1988, an investigation was carried out to determine
the heavy mineral sand resources contained in the deposits at Naracoopa on
King Island. Results of this investigation were recorded in a report titled
"Evalution of Mineral Sand Resources at Naracoopa, King Island"; Peter H.

Stitt & Associates Report No. 20/88, August, 1988.

Upon obtaining and reviewing the results of the 1988 programme it was apﬁarent
that some additional investigations should be undertaken, at an appropriate
time, in an attempt to more fully define the limits of the resource as well

as the contained mineral quantity and grade. The programme was principally
directed towards the northern extensions of Lanherne Beach, Milford Beach and
Sea Beach., As well a few holes were drilled along the western side of

Lanherne Beach.

The work was undertaken during November, 1988 and January-February, 1989, in

conjunction with drilling investigations at Cowper Point.

This report is written to supplement Report No. 20/88, Investigations were
undertaken in the same manner as described in the above report. Results are
recorded along with up-dated resource estimates derived from these additional
results, and comments are made insofar as the understanding of the Naracoopa
deposit has changed. Modified and updated plans and sections are included
where appropriate. The modified Figure Nos and Table Nos used in this

report are the same as used in Report No. 20/88 prior to the recent updating.
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REVISED RESQURCE ESTIMATES

Revised resource estimates are set out in Tables 2, 3, 4, 5 and B as

follows:

Lanherne Beach Raw Sand Table 2
Milford Beach Raw Sand Table 3
Sea beach Raw Sand Table 4
Lanherne Beach Sand Tailings Table 5
Naracoopa Resource Summary Table 8

Drillhole descriptive logs are attached as Appendix 1. Laboratory result

certificates are included as Appendix 2.
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COMMENTS

7.1 Lanherne Beach Raw Sand

Drilling on the north end of the Lanherne Beach deposit has more closely
defined the extent and grade of mineralisation. On the line called

"Tip Road" and previously drilled at 40m. hole spacing, additional holes
were drilled over the mineralised section to give 20m. spacings.

Results are plotted on cross section Figure 12,

Two additional lines of drillholes were completed on 1600N and 1800N at

20m. spacings. Results are plotted on cross section Figures 19 and 20.

Results obtained have given better definition of the mineralisation. On

"Tip Road" the mineralisation splits into two separate bodies which extend

north to 1600N but on 1800N are below cut-off grade.

Figure 3 shows drillhole locations and prades at 1.5Z cut-off.

Analysis of results and revised resource estimates as set ocut in Table 2

has shown:

The Tip Road line average grade has increased from 2.37 to 3.4%
heavy mineral,

The northern extension for resource calculation has been reduced
to 50m.

Mineralisation on the 1600N line has not been included since
grades are only marginally above 1.5%7 and intersections narrow.
Overall raw sand tonnage on Tip Road drops from 460,800t previodsly
to 240,800t now.

However because of increased heavy mineral grade contained rutile
630t previously, drops to 498t now, zircon 630t previously, drops

to 498t now, within the Tip Road block.
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TABLE 2 Revised May, 1989
RAW SAND - LANHERNE BEACH INDICATED RESOURCES AT 1.5% CUT-OFF
LINE EXTENSION t/m EXTENSION 7 H.M. MINERALOGY % . TONNES
North South Total Raw Sand H.M. Rutile Zircon Leucoxene Sand H.M. Rutile Zircom Leucoxene
(m) (m}) (m)
100N
(18CE-20E) 100 1Co 200 1,948 119 6.1 8 10 4 389,600 | 23,800| 1,900 2,380 950
300N
{ L4QE-60W) 100 100 200 1,723 62 3.6 9 12 4 344,600 | 12,400 1,120 1,490 500
SOON
{120E-120W) S0 100 150 2,752 162 5.9 5.7 9.7 4 412,800 1 24,300| 1,380 2,380 970
500N - - -
700N
(120E-60E) 150 50 200 784 125 16.0 6 & 2 156,800 | 25,000) 1,500 1,500 500
1000N
(160W=-340W) 100 150 250 2,363 109 4.6 7 7 6 590,750 | 27,250 1,910 1,91C 1,640
(60E-120W) 832 22 2.6 10 15 8 208,000 5,500 550 830 440
- 1200N
{180W-340W) 100 100 200 1,392 61 4.4 8 g 5 287,400 | 12,200 980 1,100 610
1400N | .
(240W-360W) S0 100 200 1,744 73 4.2 9 12 7 348,800 | 14,600 1,310 1,750 1,020 Gt
AN
TIP ROAD )
(TR28-TR 50) 50 30 100 2,408 . 83 3.4 6 6 6 240,800 8,300 498 498 408 <
-y
5.1% TOTAL TONNES 2,979,550 153,350| 11,158 13,818 7,128 k=
TOTAL ROUNDED TONNES 153,000} 11,200 13,800 7,100
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On Milford Beach and Sea Beach drilling was undertaken on lines
1600N, 1800N and 2000N, i.e. extending 600m. north of the area
previously defined. Mineralisation above 1.5% cut-offi was
intersected on each line. Figure 3 shows the mineralised holes with
depths and grades. Tables 3 and 4 have been updated to include the

additional resources.

A total increase of 8,000t of heavy mineral results, comprises
2,000 t on Sea Beach and 6000 t on Milford Beach. ~Assuming the
rutile and zircon contents determined previously for O - 1400N
lines persist into this area, then additional

rutile = 740t

zircon = 740t

on the combined area of Sea and Milford Beaches.

Lanherne Beach Sand Tailings

Drill holes 60E, 80E and 100E on line 600N previously had incomplete
results, Full results are now available and hve been included.
The cross-section, Figure 7, has been updated to include these
results and drillhole logs in Appendix 1 include the full test

results,

Recalculation of resource estimates has been completed as shown in
Table 5. A nett down grading of the resource has resulted. The
depths and grades for 40E, 600N and 120E, 600N previously projected
to cover the area of influence of hole 60E, 8CE and 100F were higher

than the results subsequently obtained.

Drillholes 340W and 360W on line 700N were hand drilled in order
to extend this line to the bank of the Fraser river. The cross

section, Figure 8, has been updated to include these drillholes and
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TABLE 3
MILFORD BEACH INDICATED.RESOURCES AT 1.5% CUT-OFF REVISED ' MAY 1689
LINE EXTENSICON t/m EXTENSION 7 H.M. MINERALOGY 7% TONNES
North South Total Raw Sand H.M. Rutile Zircon Leucoxene Ilmenite| Sand H.M. JRutile Zircon Leuccxene Ilmenite
(m) (m) (m)

100N 100 100 200 76.8  29.8 38.8 9 11 2 37 15,3608 5,690) 536 626 114 2,105

00N 100 100 200 73.6 23.6 32.1 9 11 2 37 14,7200 4,720 425 519 94 1,746

300N 50 100 150 89.6 24.7 27.5 9 11 2 37 13,440 3,705 333 408 74 1,371

6OON - = - 1

700N - - - .

1000% 100 150 250 250 4.2 17.8 11 9 2 38 62,500]11,050 11,215 995 221 4,774

1200N 100 100 200 278 22.2 8.0 11 9 2 a8 55,600] 4,440) 488 400 89 1,687

1400N 100 - 100 200 171 7.8 4,5 11 9 2 38 34,200] 1,56G| 172 140 31 593

1600N 100 100 200 253 14,2 5.6 - - - - 50,6001 2,840 - - - -

1800N 100 100 200 180 5.5 3.1 - - - - 36,00Q 1,100 - - - - .

2000V 100 100 200 210 8.4 4.0 - - - - 42,000] 1,680 - - - - e
o
=
ract
)

11.3 TOTAL TONNES 324,420(36, 785
TOTAL ROUNDED TONNES 20,000| 37,000
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‘ TABLE 4
SEA BEACH INDICATED RESOURCES AT 1.5% CUT-OFF REVISED MAY 1989
LINE EXTENSICN t/m EXTENSION % H.M. MINERALOGY % TONNES
Naorth South Total Raw Sand H.M. Rurile Zircon Leucoxene Ilmenite| Sand H.M. | Rutile Zircon Leucoxene Ilmenite
{(m) {m) (m) _
LOCN 100 100 200 93.86 46.7 49.9 8 8 1 33 18,700 | 9,340 747 747 g3 3,080
300N 100 100 200 176.0 33.6 19.1 8 8 1 33 35,200 6,720 538 538 67 2,220
500N 30 100 130 | 92.8 22.2 23.9 7 6 2 32 13,900 | 3,330] 233 200 66 1,070
600N 50 50 100 48.0 7.8 16.3 7 ) 2 32 4,800 780 55 47 16 250
700N 150 ) 30 200 94.4 20.7 21.9 7 ) 2 32 18,900 | 4,140] 290 248 82 1,320
1000N 100 150 250 70.4 13.6 19.4 7 9 2 29 17,600 | 3,400] 238 306 68 890
1200N 100 100 200 70.4 10.8 15.3 7 9 2 29 14,100 1,980 139 178 40 370
1400N 100 100 200 112.0 12.2 10.9 7 9 2 29 22,4001 2,440] 171 220 49 710
1600N | 100 100 200 122.0 5.6 4.6 - . - - 24,600 1,120f - } .
1800N 100 100 200 64.0 2.3 3.5 - - - - 12,800 460 - - -
2000N 100 100 200 64.0 2.4 3.7 - - - - .12,800 480 - - -
17.5 TOTAL TONNES 195,600] 34,199
TOTAL ROUNDED TONNES 195, 000] 34,000

PIoave
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TABLE 5
SAND TAILINGS LANHERNE BEACH INDICATES RESOURCES AT 1.5% CUT-OFF REVISED MaY 1989
LINE EXTENSION t/m EXTENSION % H.M. MINERALOGY 2 TONNES
North South Total Raw Sand H.M. Rutile Zircon Leucoxene Sand H.M. Rutile Zircon Leucoxene
{(m) (m) (m)
100N
(000-140W) 100 100 200 1,630 106 6.5 6 6 3 326,000 21,200 1,270 1,270 &40
300N . .
(80W-240W) 100 100 200 2,824 277 9.8 5 6 3 564,800] 55,400 2,770 3,320 1,660
S00N
(220W-380W) 50 100 150 2,544 221 8.7 4.5 5 5 381,600] 33,150 | 1,490 1,660 1,660
600N
( 140E-380W) 50 50 100 7,678 618 8.1 5.2 6 3.5 767,800| 61,800 | 3,210 3,710 2,160
700N
(8BOW- 360W) 150 50 200 3,362 208 6.2 6 6 5 672,400 41,600 | 2,500 2,500 2,080
1000N
1200N
1400N
TIP ROAD e
[
7.9 TOTAL TONNES 2,712,600 1213,150 {11,240 12,460 8,200 g
TOTAL ROUNDED TONNES 2,710,000 213,000 |1L1,200 12,500 8,200 o
L

01
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test results. Drillhole logs are included in Appendix 1.

Resource estimates have been modified to include these additional

resources as shown in Table 5. An upgrading of the resource has

resulted.

Overall resource estimates in Table 5 show only minor and
insignificant variation from those previously published in Report
No. 20/88. The down grading on 600N line is largely compensated

by an upgrading on 700N line.

Resource Estimate Revision

Table 8 has been revised to reflect the current situation. EStimates
for rutile, zircon and leucoxene in Table 8 are based on the assump-
tion that the ratio of rutile, zircon and leucoxene in the total
heavy mineral suite remains the same as previously determined and
recorded in Report No. 20/88. No mineralogical studies have been

carried out on any recent drill samples.

Figure 14 has been revised to reflect the revised resource estimates.

Overall the resource estimate quantities for the Naraccopa deposit
have not altered. However there is better definition of the

boundaries and grades.
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RESOURCE SUMMARY REVISED MAY 1989

RESCURCES STATED AS INDICATED EXCEPT FOR #BURIED HEAVY TAILINGS
AT 1.5% HEAVY MINERAL CUT-OFF

<
Joum
S

CATEGORY IN-SITU CONTENT TONNES

% HM. ZR % Z SAND H.M. R Z Leu
RAW SAND
LANHERNE BEACH 5.1 0.38  0.46 | 2,980,000 153,000 11,200 13,800 7,100
MILFORD BEACH 11.3 1.17 1.14 320,000 37,000 3,740 3,640 740
SEA BEACH 1 7.5 1.32  1.35 195,000 34,000 2,570 2,640 510
SAND TAILINGS 7.9 0.41 0.46 | 2,710,000 213,000 11,200 12,500 8,200

HEAVY TAILINGS

ABOVE SURFACE 82.90 3.31 4,13 139,000 115,000 4, 600 5,800 1,200
BURIED* 47.30 1.90 1.90 245,000% 116,000% 4,600% 4,600% 2,300%
TOTAL 6,589,000 668,000 37,910 42,980 20,050

ROUNDED TONNES 6,600,000 670,000 38,000 43,000 20,000 ese

i

.9

<

# : [

. Less certain that quanrities stated are reliable since lateral extent is not known. Further drilling o

would be required to quantify this resource. This resource is stated as INFERRED.

. It is possible that part of this resource is replaced by an equivalent quantity of sand tailings of an
untested heavy mineral grade.

41
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IMENTTE BENEFICIATION

A preliminary investigation was undertaken during December, 1988 to determine if

a significant reduction in Cr)05 content of ilmenite could be achieved by

magnetic separation. Test work was carried out by Readings Metallurgical Services

Pty, Ltd.

Feed utilised by Readings comprised magnetic material from the mineralogical

samples set out below; with weight of magnetics and percentage of composite also

shown.

Sample 2 Sea Beach 180E and 160E, S00N )
160E , 600N g 160.6g = 22.17%
160E , 700N ;

Sample 5 Milford Beach 80E and 100E, 1000N 3
60E, 80E and 100E, 1200N g 88.6g = 12.27%
60E and 80E, 1400N g

Sample 17 Magnetic Tailings 140W, 160W, 18B0OW and 200W, 50CN) 477.8Bg =

) 65.77%

The above figures show that the composite sample was heavily biased towards

Magnetic Tailings (sample 17).

Overall the results obtained from this sample are not encouraging. Yields of

ilmenite product are low and Cr903 levels in the products are all greater than 1%.

Appendix 3 is a copy of the Readings report detailing the testwork carried out.
It also details results of the mineralogical examination carried out on the non-
magnetic fraction of the samples comprising the ilmenite beneficiation sample.

Of particular note is the percentage magnetics contained in the mineralogical

samples.
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APPENDIX 1

Drill hole Descriptive Logs

Lines:

600N
700N
1200N
1400N
Tip Reoad
1600N
1780N
1800N
2000N
S.I.

100E to 60E
340W and 360W
380W

380W and 400W
50 to 26

80F to 520W
300 and 320W
80E to 520W
BOE to 20E

542019
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: EL 28/85 "
019 .0, |
AREA: NARACCOPA HOLE NO: 100E 600N
LOGGED BY: ANDREW DOVE R.C. RIG DRILLED DATE DRILLED: 17.4.88
Interval Dry Wt. Description % Slime % + 1000 um %= H.M.
(m) (kg)

0 - 1.5 1.53 SAND, med. grained, grey brown, H.M. rich. 0.91 0.25 13.86
1.5 - 3,5 1.18 SAND, med. grained, light grey. H.M. rich. 0.69 0.01 8.81
3.5 - 5.5 1.99 AS ABOVE, grades into grey-brown, 1.96 0.03 2.39

WATER TABLE
5.5 -7.5 2.68 SAND, med. to coarse grained, red-brown to dark brown 3.75 0.80 1.39
7.5 - 8.5 0.70 AS ABOVE. Hit gravel then grey green micaceous clay. 5.14 0.36 B.43

END OF HOLE 8.5m,

Down hole average

o
=~
Ve

' *

(o))

o~
iy
Lt

0 - 8.5 Depth and grade at 1.5% cut-off

[.
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CLIENT:  NATIONAL MINERAL SANDS _ TITLE NO: EL 28/85°
(i AREA: NARACOOPA HOLE NO: 80E  6QON
LOGSED BY: ANDREW DOVE R.C. RIG DRILLED DATE DRILLED: 17.4.88
Interval Dry Wt. Description % Slime % + 1000 um % H.M.
(m) (kg)
0 -1.5 5.82 SAND, medium grained, light grey, H.M. rich. 0.67 0.03 10.63
1.5 - 3.5 5.92 AS ABOVE, grades into light med-brown at 3.0m. 1.65 0.00 2.02
3.5 - 5.5 8.23 SAND, medium grained, pale brown, gradinginto amber. 1.18 0,05 1.18
5.5 - 7.5 8.56 SAND, medium grained, dark brown. 2.93 0.19 1.03
7.5 - 9.5 5.93 AS ABOVE, hit gravel then micaceous clay. 6.52 4.11 1.26
9.5 - 11.5 CLAY
(No sample)
END OF HOLE 11,5m,
Down hole average 2,83
0 - 3.5 Depth and grade at 1.57 cut-off 5.7 &7
(9N
Test results received 15/2/88 2;
2
s
o>




CLIENT:  NATIONAL MINERAL SANDS TITLE NO: EL 28/85
ARFA: KARACOOPA HOLE NO: 6CE 600N
233
U<L | ocerp s ANDREW DOVE R.C. RIG DRILLED DATE DRILLED: 17.4.88
Interval Dry Wt. Description % Slime %+ 1000 um a H.M,
(m) (kg)
0-1.5 5.68 SAND, medium grained, brown grey grading to amber. 2.09 0.31 26.33
H.M, rich.
1.5 - 3.5 6.61 SAND, medium gained, brown grey. 1.31 0.07 8.06

WATER TABLE,

3.5 - 5.5 9.04 AS ABOVE, slightly lighter at base, 1.48 : 0.02 1.81
5.5 - 7.5 9.50 AS ABOVE, grades into red-brown sand. 2.928 ' 0.04 1.71
7.5 - 0.5 6.03 AS ABOVE, contains gravel. Hit grey micaceous clay. 7.91 4. 28 1,40

END OF HOLE 9.5m.

Down hole average 6.89
0-7.5 Depth and grade at 1.5% cut-off 8.35 et
"
Test results received 15/12/88 2;
DD
]

L1
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CLIENT: NATIONAL MINERAL SANDS

TITLE NO: EL 28/85 _ et
: ln
AREA: NARACOOPA HOLE NO: 340w 700N bR
P On top of bank dam <
V<2 Locerp at: ANDREW DOVE DATE DRILLED: 6.11.88 0 o oo reor fam =
Q\;
Interval Dry Wt. Description % Slime %2 + 1000 um| % H.M.
(m) (kg)
0 -1.0 3.06 SAND fine to medium grained, dark brown, contains
rock and pebbles 9.00 0.62 12.26
1.0 - 2.0 1.94 SAND fine to medium grained, grey contains organic 9.21 0.70 10.28
and pebbles
2.0 - 3.0 1.75 AS ABOVE contains H.,M. Started sludging 16.00 0.71 12.52
3.0 - 4.0 4,31 AS ABOVE H.M. present. Hit clay and sand. 1.16 0.13 G.14
EOH 4.0m, clay
Down hole average 11.05
0 - 4.0 Depth and grade at 1.5% cut—off 11.05
)
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: EL 28/85
AREA: NARACOOPA HOLE NO: 360W 700N
{}215 LOGGED BY: ANDREW DOVE DATE DRILLED: 6.11.88
Interval Dry Wt. Description % Slime % + 1000 um| % H.M.
(m) (kg)
0-1.0 2.31 SAND fine to medium grained, dark grey organic, 8.87 0.49 12.67
H.M, present.
1.0 - 2.0 2.21 SAND fine to medium grained, light brown, clay rich, 7.43 1.61 5.97
H.M. present. Hit water 1.5m. Started sludging
2.0 - 2.3 0.94 AS ABOVE 10.40 0.63 10.33
EOH 2.3m. clay.
Down hole average 9.45
0-2.3 Depth and grade at 1.5%7 cut-off 9.45
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: E.L. 28/85
AREA: NARACOOPA HOLE NO: 3804 1200N
(}{);éIDGGED BY: GRAHAM LEE DATE DRILLED: 29.1.89
~ - METHOD: Hand
Interval - We. Descripticn % Slime % +1000 um | % H.M.
(m) (kg)
0 - 1.5 3.15 SAND, medium grained, well sorted, pale grey. 7.99 2,17 0.73
1.5 - 3.5 8.45 'SAND, as above at top. Indurated, hard. 3.2 — 3.5m. 1.79 2,44 1.93
Coarse sand and gravel with rich H.M,
3.5 - 5.0 8.55 SAND , mostly medium - fine, Mica rich, pale brown. Hand 3.12 4.56 2.19
drilling 5.0m.
Stopped hole
E.0.H. 5.0m.
Down hole average 1.64
0 - 5.0 Depth and grade at 1.5 cut-ff 1.64
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CLIENT: NATIONAL MINERAL SANDS TITLE NO:  E.L. 28/8S __
AREA: NARACOOPA HOLE NO: 380W 14 ooN
(27 LOGGED BY:  GRAHAM LEE | DATE DRILLED: 30.1.89 METHOD: Hand
Interval Dry Wt. Description % Slime %2 1000 um » H.M.
(m) kg)
0-1.5 PEAT, very wet, Minor sand at 1.3 - 1.5m,
1.5 - 3.5 3,70 SAND, medium grained, well sorted, grey. Indurated layers. | 2.68 0.54 L.73
3.5 - 5.5 5.00 AS ABOVE, with some coarse grains at bottom. Indurated. - 4.60 0.23 1.42
5.5-5.7 | 0.65 Pyrite layer. 2.87 2.55 5.72
E.0.H. 5.7m,
PTEZOMETER
Down hole average 1.15

oS

960

it




CLIENT: NATIONAL MINERAL SANDS | IITLE NO: E.L. 28/85 '
. AREA: NARACOOPA BOLE NC: 400w 1400
Ue® LOGGED BY: GRAHAM LEE DAI? DRILLED: 29.1.89

METHOD: . Hand
Incerval we. Descriprion % Slime Z +1000 um | % H.M.
(@) kg)

0 - 1.5 PEAT, swamp, wet. Pushed casing down easily, no sludging.

1.5 - 3,5 PEAT, only minor sand.

3:5 - 5.0 2,45 SAND, coarse moderately sorted. Some very coarse sand. 5,31 1.57 1.13

Indurated hard layers.
STopped 5.0m. Hard Indurated.

E.O0.H. 5.0m,

Down hole average ‘ 0.21
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: E.L. 28/85 '
(J 2 "AREA: NARACOOPA - TIP ROAD - HOLE NO: TR. 50
LCGGED BY: GRAHAM LEE DATE DRILLED: 29.1.89
' . METHOD: Rig
Interval - We. Description % Slime % +1000 um | % H.M.
(=) kg)
0-1.5 5.15 SAND, medium to coarse, well sorted, grey. 2.78 0.09 0.67
1.5 - 3.5 6.30 AS ABOVE. H.M. Tr. 4,23 0.05 3.38
3.5 - 5.5 9.80 AS ABQVE. H.M. 17Z. 2.43 0.13 4,84
5.5 = 7.5 9.35 SAND, coarse, moderate sorting. H.M. 2%. 1.96 0.58 3.28
7.5 - 9.5 4,60 SAND, as above, becomes pyritic then at 9.0m. 9.80 8.10 2.13
fine micaceous sand with clay at 9.5m,
E.0.H. 9.5m,
Down heole average 2.98
0 - 9.5 Depth and grade at 1.5% cut—off 2.98
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CLIENT: NATTONAL MINERAL SANDS | TITLE NO: E.L. 28/85 '
AREA: NARACOOPA - TIP ROAD HOLE NO:  1p 48
- .... LOGGZD BY: GRAHAM LEE DATE DRILLED: 29.1.89
G2k ' METHOD: Ri
Interval - We. Description % Slize 2 +1000 ym | % B.M.
(m) kg)
0 - 1.5 ' 3.30 SAND, medium - coarse, well sorted, pale grey.’ 1,24 0.06 0.55
1.5 - 3.5 5.85 AS ABOVE, grey. | 4,52 0.11 2.99
3l5 - 3.5 10.85 AS ABOVE, grey with caorse heavies H.M. 2-5%. 2.65 0.14 6.43
5.5 - 7.5 7.70 SAND, as above with gravel at 6.5 - 7.0m. Rich H.M. +5%. 2,67 2.84 11.95
7.5 - 9.5 6.00 SAND, coarse grained, some very coarse. Poorly sorted. 5.11 3.01 5.57
Pyritic, Clayey sand near bottom,
9.5 - 11.5 5.20 SAND, fine to very fine, clayey and mica rich with clay 28.67 7.37 1.63
bands, grey.
E.O0.H. 11.5m.
Down hole average 5.04
0-9.5 Depth and grade at 1.5% cut-off 5.76
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CLIENT: NATIONAL MINERAL SANDS _ IITLE NO: E.L. 28/85 '
(j 2 “3AREA: NARACOOPA - TIP ROAD HOLE NO: TR 42
LCGGED BY: GRAHAM LEE DATZ DRILLED: 29.1.89
METHOD: Rig
Incerval - We. Description % Slime % +1000 um [ % H.M.
(=) kg)
0-1.5 4,45 sand, medium - coarse, well sorted, White. 0.78 0.04 0.55
.1.5 - 3.5 9,10 AS ABOVE 1.85 0.00 1.77
3.5 - 5.5 7.80 AS ABOVE, brownish grey | 2.70 0.02 0.60
5.5-7.5 5. 80 AS ABOVE, with indurated. Dark brown. " 0.56 1.45 0.78
7.5 - 9.5 5.10 AS ABOVE 4,04 0.14 0.11
9.5 - 11.5 8.25 AS ABOVE, heavily pyritic. BRown clay at 11.4m. 4,44 5.23 2.46
E.0.H. 11.5m.
Down hole average 1.07
e
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U3} CLIENT: NATIONAL MINERAL SANDS TITLE NO: E.L.28/85
AREA: NARACOOPA HOLE NO: TR 38
LOGGED BY: GRAHAM LEE DATE DRILLED: 29.1.89
METHOD: RIG
Interval Dry Wt. Description % Slime % + 1000um | 2 H.M.
(m) (kg)

0-1.5 4,25 SAND, medium grained, well sorted, white. 1.36 0.06 0.73
1.5 - 3.5 7.35 AS ABOVE, HM. 1 - 27 2,06 0.01 1.26
3.5 - 5.5 10.30 AS ABOVE, dark brown. H.M. 1 - 27 5.09 0.06 1.60
5.5 - 7.5 6.90 SAND, medium to fine grained, well sorted. Indurated ! 5,42 0.39 1.54

hard bands, H.M. 1%.
7.5 - 9.5 4,65 AS ABOVE 9.69 0.49 0.33
9.5 - 11.5 7.05 SAND, medium to coarse grained, moderate sorting, 4,35 2.70 2.56

Pyritic clay at 11.5m.

EOH 11.5m.

[ ]

Down hole average 1.3
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CLIENT: NATIONAL MINERAL SANDS | IITLE NO: E.L. 28/85 '
G3i ME NARACOOPA — TIP ROAD - 2m. N. of peg HOLE NO: TR 34
LOGGED BY: GRAHAM LEE DATE DRILLED:
| METHOD: Rig
Interval - We. Description % Slime Z +1000 um | % H.M.
(m) kg)

Q-1.5 4.80 SAND,.medium - coarse graiend, well sorted. Pale grey. 1.37 0.01 0.65
1.5 - 3.5 8.15 AS ABOVE 0.88 0.02 0. 54
5.5 - 5.5 8.50 AS A BOVE, brownish grey with H.M., 1-2%. | 2.36 0.03 0.99
5.5 - 7.5 8.80 AS ABOVE, H.M. 2-5%. 2.86 0.02 4,25
7.5 - 9.5 6.25 AS ABOVE, with some peat., H.M. 1-27, 7.60 1.44 3.56
9,5 - 11.5 3,90 SAND, medium grained, well sorted. Peaty., H.M. Tr. 0.48 0.74 0.49
11.5 - 13.5 7.15 SAND, coarse and very coarse, poor sorting, Pyritic. 6.07 5,59 3,53

Mica rich sand at 13.0m.

E.G.H. 13.5m,
Just into clay

3
Down hole average 2,05 :;
0-9,5 Depth and grade at 1.5% cut-ff | 2,17 S
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CLIENT: NATIONAL MINERAL SANDS IIILE NO: E.L. 28/85 '
UJd.’ arEa: NARACOOPA - TIP ROAD BOLE NO: TR 30
LOGGZD BY: GRAHAM LEE DATE DRILLED: 29.1.89
METHOD: Rig
Incerval - V. Description % Slime % +1000 um | % H.M.
(=) kg)
0 -1.5 3.60 SAND, medium to coarse, well sorted, grey, 3.91 0.53 0.78
1.5 - 3.5 7.20 AS ABOVE, darker grey. 5.28 0.19 1.12
3.5 - 5.5 6.00 sand, as above. Peaty. H.M. Tr. 8.54 1.01 7.04
5.5 - 8.5 7.30 SAND, medium - coarse grained. Well sorted. brown. 2.06 0.13 6.83
‘ H.M. 2-5%. :
7.5 - 9.5 4,55 SAND, as above, peaty. H.M. Tr. 14,83 3.39 1.31
9.5 - 11.5 8.90 SAND, as above. Pyritic, Clay, grey, mica rich 11.5m. 4.77 3.69 1.96
E.0.H. 11.5m.
Down hole average 3.28
0-7.5 Depth and grade at 1.57 cut—off 4.15
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CLIENT: NATIONAL MINERAL SANDS . TIILE NO: " E.L. 28/85 '
RE AREA: NARACOOPA - TIP ROAD - 2m. N. of peg . HOLE NO: TR 26
" LCGGED BY:  GRAHAM LEE | DATE DRILLED: 29.1.89
| METEOD: Rieo
Interval - We. Description & Slime 2 +1000 um | % H.M.
(m) kg)

0-1.5 3,35 SAND, medium grained, well sorted, grey. - 1.72 0.13 0.82
1.5 - 3.5 7.20 AS ABOVE 1.42 0.04 0.69
3.5 - 5.5 6.15 AS ABOVE, grey brown 5.43 0.02 0.85
5.5 - 7.5 : PEAT

(Do not test])

7.5 - 9.5 4.95 PEAT, to 8.7m. then sand, medium grained, well sorted. 13.35 6.53 4.08
9.5 - 11.5 3.75 SAND, as above with some peat. 11.76 2.81 1.98
11,5 - 13.23 6.65 SAND, medium to coarse, Poorly sorted. Pyritic. Clay, 4,47 5.37 1.24

brown, mica rich 13.25m.

E.0.H. 13.25m.

Down hole average 1.40
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CLIENT: NATIONAL MINERAL SANDS ' TITLE NO: EL 28/85
~ AREA: NARACOOPA HOLE NO: 8O0E 1600N
. | HWM
~ LOGGED BY: ANDREW DOVE DATE DRILLED: 6,11.88
Interval Dry Wt. Description % Slime % + 1000 um| % H.M.
() (kg)
0-1.0 1.68 SAND fine to medium grained, light grey to white. 0.12 0.07 7.59
H.M. present, :
1.0 - 2.0 2.23 AS ABOVE grades to orange brown becomes coarser with 0.34 0.09 4.46
depth. H.M, present. Hit water, started sludging. )
2.0 - 3.0 3.18 SAND fine to medium grained, grey to brown slightly 2.00 0.99 2.49
indurated.
3.0 - 3.8 2.45 SAND fine to medium grained grey, fine shell, hit 1.06 1.59 3.62
gravel then rock. '
EOH 3,8m. rock.
Down hole average 4.59
0 - 3.8 Depth and grade at 1.5%7 cut—off 4,59
1
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CLIENT: NATIONAL MINERAL SANDS ' TITLE NO: EL 28/85
.. .. AREA: NARACOOPA HOLE NO: 60E 1600N
S
LCGGED BY: ANDREW DOVE | DATE DRILLED: 6.11.88
Interval Dry Wt. Description %2 Slime % + 1000 um| % H.M.
(m) (kg)
0-1.0 1.96 SAND fine to medium grained, grey organic grades to 1.86 0,13 2.67
light brown ‘
1.0 - 2.0 2.56 SAND, medium to coarse grained, orange brown. H.M. 0.26 0.07 2.20
present
2.0 - 3.0 2.11 SAND medium to coarse grained, brown grades to light 0.24 0.52 0.72

grey becoming coarser with depth. Hit water.
Started sludging.

3.0 - 4.0 3.82 SAND medium grained, grey slightly indurated 1.11 0.76 2.01
4,0 - 4.2 1.36 AS ABOVE 1.32 1.37 4,24

EOH Hit rock. 4,2m.

2.01
Down hele average e
0 - 4,2 Depth and grade at 1.57 cut-off 2.01 f;
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: EL 28/85

m L S .
-+ U3 e NARACOOPA HOLE NO: 40E 1600N
LOGGED BY: ANDREW DOVE DATE DRILLED: 6.11.88
Interval Dry Wt. Description % Slime % + 1000 um| % H.M.
(m) (kg)
0 - 1.0 1,95 SAND fine to medium grained, grey organic grading 2.05 0.16 3.79
to light brown, H.M. present
1.0 - 2.0 2,24 SAND medium grained orange brown. H.M. present 1 0.85 0.03 3.54
2.0 - 3.0 2,23 AS ABOVE grades to light grey. Hit water 2.4m. started 0.91 0.16 10.05

sludging. H.M. present, indurated.

3.0 - 3.7 2.66 SAND medium grained light grey to grey slightly 1.37 0.33 26.66
indurated. H.M. present, Hit clay.

ECH 3.7m. clay.

Down hole average ' 0.74
0 - 3.7 Depth and grade at 1.5% cut-off 9.74
e
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. CLIENT: NATIONAL MINERAL SANDS TITLE NO: EL 28/85 \
037 - |
AREA: NARACOQPA HOLE NC: 20E  1600N
2.5m. south of peg
LOGGED BY: ANDREW DOVE DATE DRILLED: 6.11.88 :
Interval Dry Wt. Description % Slime %z + 1000 um| % H.M.
(m) (kg)
0-1.0 1.46 SAND fine to medium grained, grey organic grades to 3.43 0.21 0.66
light grey
1.0 - 2.0 1.74 SAND medium grained, light grey. H,M. traces. 0.27 0.03 0.75
2.0 - 3.0 2.97 SAND medium grained, dark grey. Hit water 2.2m. started 2.83 0.14 0.42
sludging, indurated.
3.0 - 4,2 4,52 SAND medium grained, dark brown, indurated, hit gravel 2.51 1.62 0.22
then rock.

EOH 4.2m. rock.

Down hole average 0,20
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CLIENT:  NATTONAL MINERAL SANDS TITLE NO:  E.L. 28/85
AREA: NARACOOPA HOLE NO: 6W 1600N
~ ~ . LOGGED BY: GRAHAM LEE DATE DRILLED:  2,2,89  METHOD: Rig
V3o
Interva.l Dry Wt. Description 7 Slime %2 1000 um %2 H.M.
(m) kg)
0-1.5 4,25 SAND, medium grained, well sorted, grey. 1.68 0.13 0.29
1.5 - 3.5 7.65 AS ABOVE, medium to coarse grained. 1.44 0.03 0.21
"3.5 - 5,5 7.60 AS ABOVE, dark grey at 5.5m. 2,22 0.04 0.45
5.5 - 7.5 8.05 SAND, medium to coarse grained, well sorted. Dark 2,02 0.31 0.77
brown, indurated.
7.5 -9.5 5.85 SAND, coarse, grading down to very coarse, Moderate 2,64 22,97 0.27
well sorted. Indurated, dark brown.
9.5 - 11.5 8.80 A5 ABOVE to 10.2m. then sand, fine to medium, moderate 6.16 1.30 0.67
sorted, mica rich, with some clay layers; with
this coarser granule layers,
11,5 - 12.4 0.90 AS ABOVE 9.15 1.73 0.68

12.4m. CLAY
E.0.H. 13.4m,

PIEZOMETER HOLE

Coe
Down hole average 0.47 Man




CLIENT: NATIONAL MINERAL SANDS TITLE NO:  E.L. 28/85
AREA: NARACCOPA | HOLE NO: 26W 1s00N
~.... LOGGED BY: GRAHAM LEE DATE DRILLED: 2.2.89 METHOD: Rig
Uad
Interval Drv WE. Description 2 Slime % 1000 um % H.M.
(m) (‘{cg)
0 - 1.5 5.00 SAND, medium grained, well sorted, pale grey. 1.68 0.04 0.48
1.5~ 3.5 8,05 AS ABOVE. Slightly coarser (medium-coarse) 1.26 0.03 0.98
3.5 ~ 5.5 8.15 AS ABOVE, dark brown, light, indurated. 2.02 0.02 1.32
5.5 ~ 7.5 11.05 SAND. very coarse grained fining up sequence. Clean 2,19 17.55 0.68

rounded quartz granules, Little matrix.
Moderately sorted (Beach sequence).

7.5~ 9.5 8.95 AS ABOVE, indurated, dark brown. 2.36 15,83 0.19

9,5 -~ 11.5 5,90 AS ABOVE to 9.8m. then sand, fine to medium grained, 10.48 3.26 0.84
moderate sorted.Mica rich, grey.

11,5 - 12.6 2.75 SAND, as above 10.38 0.36 0.85
12.6m. E.O.H. BROWN CLAY

PIEZOMETER HOLE

Down hole average Q.77
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CLIENT: NATIONAL MINERAL SANDS TITLE NO:  E.L. 28/85
, AREA: NARACCOPA HOLE NO: 46W 1600N
Uiy
LOGGED BY:  GRAHAM LEE DATE DRILLED:  2,2,89 METHOD: Rig
Interval Drv Wt. Description % Slime 2 1000 um 2 H.M.
(m) kg)
0-1.5 5.00 SAND, medium graineﬁ, well sorted, pale grey. ~L.46 0.16 0.43
1.5 - 3.5 8.40 AS ABOVE, medium — coarse grained. 0.83 0.09 0.67
3.9 - 3.5 8.75 SAND, coarse grained, moderately sorted. Mid grey. | 1.83 2.55 0.34
5.5 - 7.5 10.60 SAND, very coarse grained with some gravel. 1.86 10.60 0.30

Poorly sorted. Brown, lightly indurated.
(Base of old beach sequence)

7.5 - 9.5 7.10 SAND, medium to coarse grained, well sorted. Dark brown, 2.32 21.32 0,37

9.5 - 11.5 5,80 SAND, medium grained,well sorted. Some mica, pale grey. 8.08 1.00 0.61
11.5 - 13.5 4,95 AS ABOVE. Brown clay at 13.5m. 9.55 1.62 0.81
E.OC.H. 13.5m.

PIEZOMETER HOLE

LE)

Down hole average 0.51 St
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CLIENT: NATIONAL MINERAL SANDS TITLE ¥0:  E.L. 28/85
AREA: NARACOOPA | - HOLE NO: 2008 1600N
U4 LoGGED BY: GRAHAM LEE DATE DRILLED: 28.1.89 METHOD: Rig
Interval Drv Wt. Description % Slime Z 1000 um | 7 H.M,
(m) Ckg)
0 -1.5 5.90 SAND, medium - coarse grained. Well sorted, pale grey. 1.60 0.06 1.68
H.M. tr.
1.5 - 3.5 8.35 AS ABOVE 0.74 0.00 0.85
3.5 - 5.5 7.40 AS ABOVE. Dark brown, lightly indurated. 4.14 0.02 0.66
5.5 - 7.5 7.25 AS ABOVE 2.55 0.01 0.85
7.5 - 9.0 6.30 AS ABOVE, peaty, dark brown mica clay at 9.0 m. 4.37 4.10 0.62
9.0 - 11.5 CLAY
No sample E.OH. 11.5m.
PIEZOMETER
Down hole average 0.91
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CLIENT: NATTONAL MINERAL SANDS TITLE NO: E.L. 28/85 °
G" o AREA: NARACOOPA - Drilled 3m. south of peg HOLE NO: 220w 1600N
LOGGED BY: GRAHAM LEE DATE DRILLED: 28.1.89
METHOD: Rig
Interval Dry We. Description % Slime % +1000 ua | % BH.M.
(m) (kg)
0-1.5 4,00 SAND, medium - coarse, well sorted. Pale amber. H.M. Tr. 3.05 1.79 0.90
1.5 - 3.5 7.80 AS ABOVE, grey 3.0 - 3.5m. 2.68 0.05 0.86
3.5 - 5.5 9.25 AS ABOVE, brownish grey. - 3.2 0.04 1.26
5.5 - 7.5 9.35 AS ABOVE, Tr of H.M. 1.32 1.20 0.90
7.5 - 8.5 4,40 AS ABOVE, coarser grained than above. Clay, dark brown at 3.93 12.70 0.67
8.4m,
E.0.H., 8.5m.
Down hole average 0.95
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: E.L. 28/85.
AREA: NARACOOPA HOLE NO: 240W 1600N
d
UG ocemar:  orama Lex DATE DRILLED:  ,g.1.gg
METHOD: Rig
Interval Dry Wt. Description ~ Slime ~ +1000 um | * B.M.
(m) (kg)
0 -1.5 4,75 SAND, medium - coarse grained, well sorted. H.M. Tr. 1.02 0.06 0.42
L5 - 3.5 6.75 AS ABOVE, dark brown, indurated, wet and peaty. 9.29 1.90 1.20
3.5 - 5,5 9.40 SAND, medium - coarse. Well sorted, brown. - 1.23 0.03 2.67
5.5 - 7.5 9.25 AS ABOVE. H.M. 1%. 1.85 0.13 2.41
7.5 - 9,0 6.10 AS ABOVE, clay at 9.0m., Dark grey, plastic, Mica rich. 4.31 4.34 1.46
E.0.H. 9.0m.
Down hole average 1.71
0 - 7.5 Depth and grade at 1.57 cut-off ‘ 1.76
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: E.L. 28/85 .
. ARFA: NARACOOPA BOLE NO: 260W 1600N
Jdu
LCGGED BY: GRAHAM LEE DATZ DRILLED: 28,1.89
METHOD: Rig _
Intarval Dry Wtc. Description % Slime A +1000 um! % H.M.
(m) (kg)
0-1.5 4.90 SAND, medium - coarse grained , well sorted, white. H.M. Tr 1.05 0.09 0.54
1.5 - 3.5 6.15 AS ABOVE, indurated black at 3.3m. 2.14 0.39 0.59
3.5 5.5 7.50 SAND, as above. Peat rich, dark brown. 9.99 2.25 2.74
5.5 - 7.5 9,25 SAND, COARSE GRAINED, WELL SORTED, BROWN. H.M, 1-2%. 0.89 0.75 4.11
7.5 - 9.5 . 9.35 AS ABOVE, indurated 9.0m. H.M. 2-5%.. ' 1.63 0.95 3.47
9.5 - 10.5 3.85 AS ABOVE, coarser at bottom. H.M. 2-5%. 2.83 16.39 6.36

Clay at 10.5m.
Possible water bore

E.Q.H. 10.5m,

Down hole average 2.76

0 - 10.5 Depth and grade at 1.5% cut-off 2.76
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CLIENT: NATIONAL MINERAL SANDS IITLE NO: E.L. .28/85

T 4 ‘5 AREA: NARACOOPA HOLE NO: 280W 1600N
LOGGED BY: GRAHAM LEE DATE DRILLED: 28.1.89

METHOD: Rio
Interval Dry Wt. Description ~ Slime ~ + 1000 mnl a H.M.
(m) (kg)
0 ~-1.5 5.50 SAND, medium grained, well sorted, white. H.M. Tr. ; 1.13 0.04 0.53
%.5 - 3.5 3.80 AS ABOVE, indurated, peaty, dark brown. 6,08 0.29 0.76
3.5 - 5.5 8,10 SAND, medium to coarse, dark grey. H.M, 2%+ 3.84 0.35 3.14
5.5 - 7.5 8.00 sand, as above, H.M, 2-5%. 1,89 0.06 b.47
7.5 - 9.5 7.10 AS ABOVE, coarser grained, pyritic at 9.0 - 9,5m. 6.93 3.00 2.46
9.5 - 9,75 1.20 AS ABOVE, dark grey, micaceous clay at 9.7m. 11.87 _ B.40 2.05
E.0.H. 9.75m.
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Down hole average
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0-9.75 Depth and grade at 1,5% cut-off
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: E.L. 28/85
AREA: NARACOOPA BOLE NO: 300w 1600N
U40  1oggen BY:  GRaHAM LEE DATE DRILLED: 28.1.89
METHOD:
Interval Dry We. Description % Slime % + 1000 um{ % H.M.
(m) ({:3)
0 - 1.5 2.75 SAND, medium to coarse grained, well sorted. Pale 2.30 1.06 0.32
brownish grey
135 - 3.5 8.75 AS ABOVE 2.50 0.00 0.50
3.5 - 5.5 9.05 AS ABOVE 1.22 0.02 0.50
5.5 - 7.5 8.05 AS ABOVE, slightly darker colour 3.62 0.11 0.68
7.5 - 9,5 4 .85 AS ABOVE, dark brown, indurated and peaty. Pyritic at 8.58 0.94 0.45
9.0m. to 9.5m,
9.5 -~ 10.5 4.55 SAND, medium to very coarse grained, some gravel at 4. 42 Q.68 3.55
bottom. Dark brown. Clay at 10.4m.
E.O.H. 10.5m.
Down hole average 0.79
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CLIENT: NATIONAL MINERAL SANDS IITLE NO: E.L. 28/85
. AREA: NARACOOPA HOLE NC: 320w 1600N
047
LOGGED BY: GRAHAM LEF, DATE'. DRILIED:  28.1.89
METHOD: Rip
( Incerval Dry- Wt. Description ' % Slime % +1000 um | % B.M.
(=) (kg) 1
0-1.5 5.50 SAND, medium to coarse grained, well sorted, pale grey, 1.93 0.08 0.53
1.5 - 3.5 9.05 AS ABOVE, but coarser 1,17 0.01 0.58
3.5 - 5,5 7.90 AS ABOVE, darker and indurated. 3.26 0.02 0.54
5.5 - 7.5 9.50 AS ABOVE, hard, indurated. 2.83 0.09 1.05
7.5 - 9.5 5.90 AS ABOVE, hard, indurated. 5.02 2.86 1.01
9.5 - 11,5 9,65 SAND, medium to very coarse grained. Poorly sorted. 4,67 3.33 1.85
Pyritic sand with coarse lumps,
11.5 - 11.75 1.90 AS ABOVE, 11.75 - 17.0. Clay, dark grey, micaceous, 5.44 7.37 1.69
plastic.

N6 Sample 11.F5 - 17.5m,

17.0 - 17.5 SAND, fine grained, well sorted, some mica but little
clay. Pale grey. Tr. H.M.
1
17.5 - 19,5 SAND, as above, coarser and clayey. S
iz
19,5 - 21.5 AS ABOVE, clay, dark brown at 21.3m. =
b
.0.H. 1.5m.

E.0O.H. 21.5m on

Down hole average 0.96
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CLIENT: NATIONAL MINERAL SANDS IITLE NO: E.L. 28/85
AREA: NARACOOPA HOLE NO: 340w 1600N
U4 0 LOGGED BY:  GRAHAM LEE DATE DRILLED:  28.1.89
METHOD: Rie
Intarval Dry Wt. Description X Slime % +1000 ym | = B.M.
(m} ()I::g)
0 - 1.5 4.40 SAND, medium to coarse grained, well sorted, pale grey. 3.32 0.31 Q.44
H.M. Tr.
1.5 - 3.5 7.90 AS ABOVE. 1.68 0.00 0.40
3.5 - 5.5 10.45 AS ABOVE. DArk brown, hard, indurated. H.M. Tr. 4,27 0.11 0.80
55-17.5 6.15 SAND, as above, peaty and indurated. 8.59 1.06 0.90
7.5 - 9.5 4,90 AS ABOVE 9,08 0.55 0.44
9.5 - 11.5 5.75 SAND, medium grained, well sorted. 6.66 5.67 1.22
Clay at end of sample. Dark grey, micaceous.
E.O0.H. 11.5m.

Down Eole average 0.71
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: E.L. 28/85
AREA: NARACOOPA HCLE NO: 360W 1600N
LOGGED BY: GRAHAM LEE DATE DRILLED: 28.1.89
METHOD: Rie
Interval Dry Wt. Description & Slime % 41000 um| % H.M.
(m) (kg)
0-1.5 4.85 SAND, medium to coarse grained. well sorted. Grey. . 0.65 0.13 0.28
H.M, 1-27%,
1.5 - 3.5 7.80 AS ABOVE 0.77 0.02 (.35
3.5 - 5.5 6.90 AS ABOVE, brown, indurated, 4.01 0.02 2,12
5.5 - 7.5 6.10 SAND, as above., Peat at 7.4m, 6.03 1.72 0.99
7.5 - 9.5 7.15 SAND, as above with peat layers and indurated. Dark brown. 7.23 0.21 0.56
9.5 - 11.5 10.15 SAND, medium grained with some coarse grains. Pyrite rich 4.48 4.21 1.71
with large nodules, Some coarse H.M. Clay, grey, |
mica rich at 1i.4m. [
E.0.H. 11.5m.
Down hole average 1.07
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CLIENT: NATIONAL MINERAL SANDS | TITLE ¥O: E.L. 28/85 -
'\:—;‘; . .
U AREA: NARACOOPA BOLE NO: 380w 1600N
LOGSED BY:  GRAHAM LEE DATE DRIILED: 28.1.89
METHOD: Rig '
Interval Dry Wt. Description ~ Slime = +1000 uml ~ H.M.
(m) ] (kg)
0 - 1.5 4,70 SAND, medium to coarse grained, white, well sorted. 1.99 0.11 0.70
Some H.M.
1,5 - 3.5 6.65 AS ABOVE, H.M. 1-2%. - 0.96 0.01 0.64
3.5 - 5.5 7,90 AS ABOVE to 4.75m. then dark brown, lightly indurated. 3.34 0.01 0.79
H.M. 1-2%.
5.5 - 7.5 8.00 SAND, coarse grained, well sorted, dark brown. H.M. Tr. 4,45 0.02 1.22
7.5 - 9,5 8.25 AS ABOVE, with some peat. H.M., 2-5Z. So coarse pyritic 6.33 1.11 1.97
nodules.
9,5 - 11.5 5.85 SAND, medium to coarse grained, well sorted. Peaty in 9.03 1.97 0.82

places. H.M., Tr,

11.5 - 13.5 7.75 SAND, medium grained, well sorted, rich pyrite. Some 7.61 3.41 1.44
peat. H.M, #17%.

13.5 - 14.5 2.65 SAND, mediu to fine grained, clayey and silty, mich rich. 8.84 10.27 1.78
Grey, H.M. 1-2%.

E.O.H, 14.5m. in grey clay

Down hole average : 1.14
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_ aImm NATIONAL MINERAL SANDS - . IITLE NO: E.L. 28/85
Uout '
AREA: NARACOOPA _ BOLE NO: 400w 1600N
LOGSED BY: GRAHAM 1LEE DATE DRILLED: 27.1.89
| METHOD: Rio
Incerval Dry We. Description # Slime % +1000 um | & H.M.
() (kg)
0-1.5 4.65  SAND, medium grained, well sorted, white. H.M. 1-2%. 1.74 0.10 0.62
1,5 - 3.5 8,80 AS ABOVE, H.M. 1-27 with richer bands. 0.87 0.03 0.59
3.5 - 5.5 5.35 SAND, medium grained, dark greyish brown, lightly indurated. 3.48 0.04 0.97
H.M. 1-2%. :
5.5 - 7.5 7.90 AS ABOVE 3,61 0.08 1.19
7.5 - 9.5 7,95 A4S ABOVE 5,45 1.38 1.29
9.5 - 11.5 6.55 SAND & PEAT to 10.0m., then sand as above. Indurated with 13.77 2.56 0.61
H.M. 2-5%.
11.5 - 13.5 8.40 SAND, coarse to very coarse. Some pebbles. Dark brown. 4,72 5.84 1.83
Clayey at bottom with clay lumps and pebbles. '
E.C.H. 13,5m.
ot
o
L)
]
Down hole average 1.03 (A
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CLIENT: NATIONAL MINERAL SANDS IIILE NO: E.L. 28/85 '
AREA: NARACOOPA HOLE NO: 420w 1600N
LOGGED BY: GRAHAM LEE DATE DRILLED: 27.1.89
METHOD: Rip
Inzerval Dry Wet. Description % Slime 2 +1000 um | % H.M.
(=) (kg)
Q-1.5 5.15 SAND, medium grained, well sorted, white. H.M. 1-2%. 1,72 0.06 0.67
1.5 - 3.5 7.80 AS ABOVE, brown at 3.4m. 2.20 0.04 0.53
3.5 - 5.5 7,15 SAND, medium grained, well sorted. Brown, lightly 6.70 0.35 1.12
indurated.
5.5 - 7.5 8.20 AS AB OVE, 2.36 0.01 1.06
7.5 - 9.5 7.60 AS ABOVE. Peaty clay at 9.4m. 4.47 1.70 1.36
9.5 - 11.5 7.90 “SAND, as above with peat and H.M. 9.43 1.18 0.86
11.5 - 13.5 4.75 SAND, medium grained, well sorted, pale grey. Pyritic 4.75 5.24 2.11
v.v. fine pyrite matrix with some coarser aggregates,
Water has pyrite colour, greenish grey.
H.M. 1-2%Z,
13.5 - 15.5 8.15 AS ABOVE, becomes more clayey and mica rich with depth. i1.00 1.97 2.08
Wood fragments 14,5-15.0m. Brown micaceous clay
14.8 - 15,0m.
E.0.H, 15.5m,
Down hole average 1.24
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CLIENT: NATIONAL MINERAL SANDS | IITLE NO: E.L. 28/85 .
HOLE NO:
U D o AREA: NARACOOPA OLE NO: 440w 1600N
LOGGZD BY: GRAHAM LEE DAT; DRILIED: 27.1.89
METHOD: Rig
Interval Dry We. Description % Slime % +1000 um | % H.M.
(m) (kg)
0 - 1.5 4,55 SAND, medium grained, white, H.M. Tr. - 1.25 0.11 0.63
1.5 - 3.5 6.65 AS ABOVE, becomes brown and lightly indurated at 3.0m. 4.19 0.15 0.72
3.5 - 5,5 3.40 SAND, medium grained, brown, indurated to 4.5m. then peat 40.82 5.19 0.46
with fine sand and wmud.
5.5 - 7.5 9.10 SAND, medium grained, well sorted, grey. Minor peat at 2.82 0.28 1.77
top. H.M. 2-5%. Some richer layers. ~
7.5 - 4,5 g.25 AS ABOVE, peat at 9.3m. to 9.5m. 3.81 0.39 2.20
9.5 - 11.5 7.10 PEATY CLAY 9.5 - 10.5 then sand, coarse grained, 8.99 1.26 0.69

poorly sorted. H.M. Tr.

11.5 - 13.5 9.10 SAND, coarse grained, poorly sorted. Grey pyritic matrix. 3.65 3.81 2.22
Some H.M. Clay at 13,5m.

E.O.H. 13.5m.

Down hole average 1.26
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CLIENT: NATIONAL MINERAL SANDS TITLE NO-: E.L. 28/85 .
AREA: NARACOOPA HOLE NO: 460W 1600N
LOGGED BY: GRAHAM LEE DAI? DRILLED: 27.1.89
METHOD: Rio
Interval S We. Description % Slime % +1000 um | * H.M.
(m) (kg)
0 - 1.5 5.00 SAND, medium grained, white. H.M. Tr. - 1.08 0.10 0.79
1.5 ~ 3.5 5.95 AS AB OVE to 2.5m. then dark brown, indurated. 2.9 0.04 0.64
3,5 - 5.5 4,10 AS ABOVE, indurated. 9.23 1.60 0.56
a8 . A2
3.5 - 7.5 6.15 CLAY, brown, peaty, Indurated sand at 7.4m. 26.98 3.79 1
1.91
7.5 - 9.5 10.90 SAND, medium grained, indurated, brown to 8.5m. then 1.06 0.11 9
clean coarse sand.
Pyrite nodules, H.M. 1-2%.
A
9.5 - 11.5 7,40 SAND, medium to coarse grained, brown earth, 7.84 1.08 0.46
H.M. 1 - 2Z.
. .57
11.5 ~ 13.5 9.35 SAND, coarse grained, poorly sorted with H.M, visible. 2.85 6.95 1.5
V. fine pyritic matrix and some fragments clay at 13,5m|
E.0.H. 13,5m.
Down hole average 1.06
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: E.L. 28/85 |
AREA: NARACOOPA | HOLE NO: 480W 1600N
Goo )
Y LCGGED BY: GRAHAM LEE DAE? DRILLED:  27.1.89
METHOD: Rio
Interval We. Desc:lption - Slime z + 1000 um rd E.M.
(m) kg)
0-1.5 5.00 SAND, medium grained, well sorted, white. H.M. 1%. 1.39 0.09 0.57
1.5 - 3.5 7.7Q SAND, as above, pale grey to brownish grey. 7.58 0.14 0.91
3.5 - 5.5 7.95 AS ABOVE, brown, lightly indurated. 3.63 0.02 0.87
5.5 - 7.5 1.95 SAND, peaty and clayey. 53,49 23.62 0.60
7.5 - 9.5 8.05 AS ABOVE to 8.0m. then sand, coarse grained. 3.62 1.38 4,46
9.5 - 11.5 6.65 SAND, coarse grained, dark brown. H.M. Tr. 4,94 0.60 2,17
11.5 - 13.5 5.50 SAND, coarser with depth, some gravel, pyritic. 3.41 3.72 1.21
13.5 - 13.9 CLAY, dark grey, micaceous
E.O.H. 13,9m,
Down hole average 1.58
0 - 13,5 Depth and grade at 1,5% cut-off 1.58 <y
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CLIENT: NATIONAL MINERAL SANDS IITLE NO: E.L. 28/85 .
05 AREA: NARACOOPA HOLZ NO: 500w 1600N
QU
LOGGED BY: GRAHAM LEE DATZ DRILLED: 28.1.89
METHOD: Rio
Intarval Dry Wt. Description % Slime ~ + 1000 um | ® H.M.
(m} (kg)
0-1.5 4,45 SAND, medium grained, well sorted, grey. 1.38 C.11 0.61
1.5 - 3.5 6.60 SAND, medium to coarse grained, dark grey, highly 6.38 0.20 0.40
indurated.
3.5 - 5.5 6.95 AS ABOVE, brown. 4.36 0.02 0.58
3.5 - 7.5 2.65 AS ABOVE, to 6.2m. then peat/clay, dark brown. 19.29 8.21 0.36
7.5 - 9.5 3.80 AS ABOVE to 8.8m. then sand, mediﬁm grained, black, 11.33 3.73 5.98
heavily indurated with H.M.
9.5 - 11.5 9.00 SAND, medium to fine grained, well sorted, pale brown. 3.77 0.39 1.54
Ne visible H.M,
11.5 - 13.5 5.50 SAND, coarse to very coarse grained, Poorly sorted. 6.40 3.99 0.73
Some fine pyrite.
13.5 - 14.0 3.70 SAND, as above, pyritic and micaceous. 14.0m. Clay, 9.76 5.65 2.02
dark grey, mica rich.
E.0.H. 14.0m,
4
b
Down hole average 1.51 ) Bl
_ o)
0 - 11.5 Depth and grade at 1.5% cut-off ‘ 1.62 NG,
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: E.L. 28/85
(577 AREA: NARACOOPA ' BOLE NO: 520W 1600N
LOGGZD BI: GRAHAM LEE DATE DRILLED: 28.1.89
 METHOD: Rig
Interval Dry Wt. Descriprion % Slime 2 +1000 um | & E.M.
(m) (kg)
0-15 4,95 SAND, medium to coarse grained, well sorted, white, - 1.48 0.07 0.46
1.5 - 3.5 6.50 SAND, as above, grey. 5.62 0.23 0.33
3.5 - 5.5 9.25 SAND, medium grained, dark grey and brown, Lightly 6.09 0.01 0.87
indurated.
5.5 = 7,5 3.05 AS ABOVE to 7.0m. then peat to 7.5m. 16.92 7.45 0.52
7.5 - 9,5 5,40 PEAT. 23.19 7.22 1,04
DO NOT TEST :
9.5 - 11.5 5.80 SAND, medium grained, well sorted, H.M. Tr. 4.94 0.06 0.41
11.5 - 13.5 6.90 SAND, as above. Pyritic matrix and pyrite nodules, 5.21 3.52 0.74
E.O0.H. 13.5m.
Down hole average 0.66
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e CLIENT: NATIONAL MINERAL SANDS TITLE NO: E.L. 28/85
V9% reas NARACOOPA HOLE NO: 300W 1780N
LOGGED BY: GRAHAM LEE DATE DRILLED: 28.1,89  METHOD: Rig
Interval Drv- Wt. Description . Z Slime Z 1000 um 7 H.M.
(m) kg)

0 -1.5 5.20 SAND, medium - coarse. Well sorted. White. 1.10 0.15 0.51
1.5 - 3.5 8.30 AS ABQVE 1.34 0.01 0.49
3.5 - 5.5 7.77 AS ABOVE , 0.64 0.00 0.32
5.5 - 7.5 8.20 AS ABOVE., Brownish grey. 2.13 0.05 0.30
7.5 - 9.5 9.85 AS ABOVE. Some hard induration. H.M. Tr. 2.10 0.13 0.18
9.5 - 11.5 6.65 AS ABOVE, becomes pyritic., Pale clay., 1l1.5m, 5.94 3.79 1.23

E.0.H. 11.5m.

PIEZOMETER

Down hole average - 0.50
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CLIENT: NATIONAL MINERAL SANDS _ TITLE NO: E.L. .28/85
UJIU  AREA: NARACOOPA - Holes moved south 20m. to avoid swamp HOLE NC: 320W 1780N
LOGGED BY: GRAHAM LEE DATE DRILLED: 28.1.89
METHOD: Rio
Incerval Dry Wt. Description % Slime % +1000 un| 2 H.M.
(m) (kg)

0 - 1.5 4,95 SAND, medium grained, well sorted. Pale grey. 2.721 0.11 0.56
1.5 - 3.5 8.30 AS ABOVE 1.81 0.02 0.60
3.5 - 5.5 7.95 AS ABOVE, brownish grey. , 2,02 0.03 0.48
5.5 - 7.5 8.60 SAND, medium to coarse, moderately sorted, brown. 3.08 0.05 0.53
7.5 - 9,5 8.80 AS ABOVE. Tr H.M. 4,01 0.54 0.30
9.5 - 11.5 6.15 SAND, fine with coarser grains., Poor sorting. Heavy 6.05 5.99 1.39

pyrite, pale coloured clay 11.35m.

E.O.H. 11.5m.

Down hole average 0.65
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CLIENT: NATIONAL MINERAL SANDS
A—.i1
ljt]‘J AREA:

TITLE NO: EL 28/85

NARACOOPA HOLE NQ: 80E 180Q0N
{(Middle of Beach)
LOGGED BY: ANDREW DOVE DATE DRILLED: 6.11.88

Interval Dry Wt. Description % Slime % + 1000 um| % H.M.
(m) (kg)
0-1.0 2.90 SAND, fine to medium grained, light grey to white. 0.49 0.35 3.94
H.M. present. Hit water becoming orange brown.
Started sludging.
1.0 - 2.0 2.12 SAND fine to medium grained, light grey. 1.80 0.97 2.29
Hit wood. H.M. present
2,0 - 2.8 3.69 AS ABOVE becomes coarser with depth. Hit gravel. 1.14 4,54 0.47
EOH 2.8m. gravel,
Down hole average 3.07
0 - 2.0 Depth and grade at 1.5% cut-off 4.12
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. CLIENT: NATIONAL MINERAL SANDS ' TITLE NO: EL 28/85 ,
ot | T
AREA: NARACOOPA HOLE NO:  60E 1800 N
LCGCED BY: ANDREW DOVE DATE DRILLED: 6.11.88
Interval Dry Wt. Description % Slime % + 1000 um| % H.M.
(m) (kg) |
0-1.0 2.07 SAND fine to medium grained, grey organic grades 1.20 0.14 4.18
' to orange brown
1.0 - 2.0 2.36 SAND fine to medium grained, light grey, H.M. present 0.25 0.02 3.45
2.0 - 3.0 2.47 AS ABOVE becomes coarser with depth, grades to light 0.31 0.01 2.81
brown, indurated. H.M.present.
3.0 - 4,0 1.59 SAND medium to coarse grained, light grey, hit water. 0.38 0.26 3.36
Started sludging
4.0 - 5.0 3.48 SAND coarse grained, light grey, some gravel 1.02 0.87 0.66
5.0 - 5.6 2.75 AS ABOVE hit rock. 1.39 1.72 1.37

EOH 5.6m. rock.

Down hole average 2,73
0 - 4.0 Depth and grade at 1.5% cut-off 3.45
2
P
&3
]
=
)




CLIENT: NATIONAL MINERAL SANDS TITLE NO: EL 28/85
UbZ ares: NARACOOPA HOLE ¥O: 40E 1800N
LOGGED BY: ANDREW DOVE DATE DRILLED: 6.11.88
Interval Dry Wt. Description % Slime % + 1000 um| % H.M.
(m) (kg)
0-1.0 1.62 SAND fine to medium grained, grey organic grading to 1.79 0.19 2,23
light grey, becoming coarser with depth. Hit water,
started sludging
1.0 - 2.0 2.33 SAND medium to coarse grained, light grey, some gravel 0.79 0.59 0.63
2.0 - 2.9 2.98 SAND medium grained, hit gravel, then clay, then rock 1.15 0.48 1.24
EOH 2.9m. clay.
Down hole average 1.37
0-1.0 Depth and grade at 1.5% cut-off 2.23
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: . 28/85
JO U AREA: NARACOOPA HOLE NO: 20E 1800N
LOGGED BY: ANDREW DOVE DATE DRILLED: 6.11.88
Incerval Wetr Wt, Description % Slime |7 +600 um| % H.M.
(m) (kg)
0-1.0 0.94 SAND, fine - medium grained, grey. Organic then light 18,26 0.64 2.09

grey, clay rich.
Started sludging

1.0 - 1.2  0.31 AS ABOVE, hit clay. | 1.86 0.17 8.03

E.O0.H. 1.25m.

Down hole average

0 - 1.25 Depth and grade at 1,5% cut-off ' 3.30
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CLIENT: NATIONAL MINERAL SANDS , IITIE NO:  E,L. 28/85 °
Uo7 AREA: NARACOOPA BOLE NO: 340W 1800N
LOGGED BY: GRAHAM LEE DATE DRILLED: 28.1.89
METHCD: Rio
Interval Dry Wec. Description ~ Slime 2 +1000 um | 2 H.M.
(=) (kg) |
0 - 1.5 0.90 SAND, medium - coarse. Well sorted, amber (small sample). 2.79 1.73 0.30
1.5 - 3.5 8.40 AS ABOVE, grey. 2.57 .07 0.45
3.5 - 5.5 9.60 AS ABOVE, darK brown, lightly indurated 5.19 0.04 0.46
5.5 - 7.5 9.10 AS ABOVE, heavy induration in part. H.M. visible. 2.60 0.04 2.75
Coarse 17.

7.5 -9.5 6.85 AS ABOVE. H.M. 17Z. 6.95 0.21 0.34
9.5 - 11.5 6.65 SAND, medium with some very coarse grains. Pyritic, some 7.43 6.30 2.18

mica. 11.5m., brown micaceous clay.

E.O0.H. 11. 5m,
Down hole average 1.11
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CLIENT: NATIONAL MINERAL SANDS , TITLE NO: E.L. .28/85 '
UD Y agea: NARACOOPA HOLE NO: 360w 1800N
LOGGED BY: GRAHAM LEE DATE DRILLED: 28.1.89
' METHOD: Rig
Interval - We. Description % Slime % +1000 um | 2 H.M.
(=) kg) |
0~ 1.5 ' 3.20 SAND, medium grained, well sorted, White. 1.99 0.08 0.58
1.5 - 3.5 7.55 AS ABOVE, grey. 3.10 0.01 0.60
3.5 - 5.5 7.65 AS ABOVE, grey. 7.18 0.41 0.95
5.5 - 7.5 7.60 AS ABOVE, brownish grey, - 5.80 0.16 1.14
7.5 - 9.5 7.05 AS ABOVE, with minor clay layers. 5.94 0.56 0.73
9.5 - 11.5 7.75 SAND, medium to very coarse grained, poorly sorted, - 4,66 2.94 1.44
pyritic,11.0 - 11.5m fine sand with mica and clay
layers.
E.O0.H. 11.5m.
Down hole average 0.92
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CLIENT: NATIONAL MINERAL SANDS , TITLE NO: E.L. 28/85
i}{:.“ AREA: NARACOOPA EOLE NO: 380W 1800N
iy b
LOGSED BY: GRAHAM LEE DATE DRITLED: 28.1.89
| | METHOD: Rig
Interval - We. Descripticn % Slime 4 +1000 um| % BE.M.
(m) kg) '
0-1.5 4.90 SAND, medium - coarse grained. Well sorted, pale grey. 1.32 0.12 0.56
1.5 - 3.5 8.05 AS ABOVE 3,42 0.03 0.47
3.5 - 5.5 6.95 AS ABOVE, dark brown, hard indurated layers. 6.49 0.04 1.06
5.5 - 7.5 5.90 SAND, medium grained, well sorted. Indurated with some 7.46 1.02 1.26
hard layers.
7.5 - 8,5 6,55 AS ABOVE. 4,00 0.40 0.23
9.5 - 11.5 5.05 SAND, grades down tovery coarse. Some fine gravel. 5.14 3.19 0.49
Pyritic.
11.5 - 12.5 2.15 AS ABOVE, heavily pyritic. Clay, darkgrey, mica rich. 6.31 B.74 3.45
E.O0.H. 12,5m.
Down hole average 0.90
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CLIENT: NATIONAL MINERAL SANDS _ IITLE NO: E.L. 28/85
L LOGGED BY:  GRAHAM LEE DATE DRILLED: 28.1.89
_' METHOD: Rig
Interval Dry We. o Description ' % Slime % +1000 um | % B.M.
(m) (kg)
0-1.5 ' 4,95 SAND, medium - coarse, well sorted, white, H.,M, Tr. 1.80 0.14 0.55
1.5 - 3.5 7.20 AS ABOVE, but brown. 3.63 0.02 0.64
3.5 - 5.5 9.00 AS ABOVE, dark brown. 5.79 0.02 1.56
5.5 - 7.5 8.45 SAND, medium grained, well sorted, peaty and indurated 4,74 0.36 1.04
in layers. brown.
7.5 - 9.5 7.30 AS ABOVE 4,53 0.26 0.53
9.5 - 11.5 7.20 SAND, medium to very coarse grained. some granules moderatg 4.12 2.03 0.46
sorting coarser with depth. Pyrite 11.0 - 11.5m.
11.5 - 12.0 1.80 AS ABOVE 2.95 7.84 3.80
12.0 Clay, brown, micaceous
EQ.H. 12.0m.
Down hole average 0.93
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CLIENT: NATIONAL MINERAL SANDS _ TITLE NO: E.L. 28/85 '
o AREA: NARACOOPA BOLE NO: 420W 1800N
UUT 10GGED BY:  GRAHAM LEE DATZ DRILLED: 29.1.89
| METHOD: Rig
Interval - We. Description % Slime 2 +1000 ym| % H.M.
(m) kg) '
0-1.5 5.60 SAND, medium grained, well sorted, pale grey. 2.28 .0,13 0.71
1.5 - 3.5 8.75 SAND, as above, heavily indurated with peat on top. 7.80 0.22 0.33
5.5 - 5.5 B.85 SAND, medium - coarse grained, well sorted, brownish grey. 4.34 0,22 0.40
5.5 - 7.5 9.70 SAND. as above. 8.11 0.68 0.72
7.5 - 9.5 8.35 SAND, as above. H.M. Tr. €.22 0.11
9.5 - 11.5 4,25 PEAT then sand, as above 5,90 0.15 0.27
11,5 - 13.0 5.25 SAND, coarse to very coarse grained, poorly sorted. 5.41 13.48 2.51

Heavily pyritic 13.0m. clay, brown plastic, mica rich.
No sample 13.0 - 13.5.

E.0.H. 13.5m.

Down hole average 0.70
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CLIENT: NATIONAL MINERAL SANDS IITLE NO: E.L. 28/85 '
... AREA: NARACOOPA HOLE NQO: 440W 1800N
Voo
LOGGED BY: GRAHAM LEE _ DATE DRILLED: 29,1.89
METHOD: Rig
Intarval Dry Wt. Description % Slime % +1000 um | 2 B.M.
(m) (kg)
0-1.5 5.585 SAND, medium - coarse grained, well sorted, pale grey. 1.52 0.10 0.39
1.5 - 3.5 7.30 AS ABOVE, pale brown. 7.35 0.03 0.54
3.5 ~ 5.5 3.85 PEAT with some sand as above, 11.34 0.73 0.80
5.5 - 7.5 4.45 SAND, medium - coarse grained, well sorted, brown. 5.99 1.78 0.38
7.5 - 9.5 8.10 AS ABOVE 6.91 0.04 0.30
9.5 - 11.5 7.60 AS ABOVE with some indurated and clay bands. Dark brown. 6.17 - 0.27 0.46
11.5 - 13.5 6.45 SAND, coarse grained, pOOI‘lY sorted. Pyritic. Clay, 6.85 10.62 1.44
sandy micaceous, grey at 13,4m.
E.0.H. 13.5m.
Down hole average 0.62
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U?“ CLIENT: NATIONAL MINERAL SANDS ‘ TITLE NO: E.L. 28/85 '
AREA: NARACOOPA HOLE NO: 460W 18Q0N
LOGGED BI: GRAHAM LEE DATE DRILLED: 29,1.89
METHOD: Rig
Interval Dry We. Description 4 Slime 2 +1000 um | % H.M.
(m) (kg)
0 - 1.5 | 5.15 SAND, medium to coarse grained, well sorted, grey. 1.92 0.11 0.60
1.5 - 3.5 7.90 AS ABOVE, darker grey from 3.3m. 3.34 0.08 0.53
3.5 - 5.5 6.25 AS ABOVE, dark brownish grey. 8.50 0.06 0.52
5.5 - 7.5 PEAT and clay, very little sand, dark brown.
(Do not test)
7.5 - 9.5 5.15 AS ABOVE with fine sand from 9.0 - 9.5m. 9.45 3.59 0.81
9,5 - 11.5 7.85 SAND, medium grained, well sorted, indurated, dark brown. 3.18 0.07 0.17
11.5 - 13.5 1.80 AS ABOVE, with pyrite near end of sample. 4,92 0.24 0.26
13.5 - 14.5 2.70 SAND, coarse to very coarse, moderate to poor sorting. 6.68 16.30 0.95
Pyritic. Clay at 14,5m,
E.0.H. 14,5m.
Down hole average 0,44
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CLIENT: NATIONAL MINERAL SANDS . TITLE NO: E.L. .28/85
07 1 AREA: NARACOOPA BOLE NO: 480W 1800N
LOGGED BY: GRAHAM LEE DATE DRILLED: 29.1.89
| METHOD: Rjig
Interval - We. Description % Slime 2 +1000 um | 2 H.M.
(m) kg)

Q-1.5 5.10 SAND, medium to coarse grained, well sorted. Pale grey. ' 5.30 0.24 0.79
1.5 - 3.5 7.85 AS ABOVE, darker brownish grey 3.2m. 5.18 0.19 0.43
3,5 - 5,5 7.15 AS ABOVE, some light induration. DArk brown. - 7.28 0.04 0.55
5.5 - 7.5 5.80 SAND, as above with peaty clay layers. Dark brown. 9.14 0.96 0.70
7.5 - 9.5 PEAT
{Do not testd
9.5 - 11.5 5.20 Peat thensand, medium grained, well sorted, indurated. 4,75 0.24 0.63
11.5 - 13.5 3.25 SAND, coarse grained, moderately sorted, Dark brown. 4,84 0.11 0.30

Small sample peat, blockage of bit.

13.5 - 15.5] 5.30 SAND, as above, pyritic. Increased clay with.depth. Clay 7.90 8.60 0.69
with pyrite nodules- 15,3m.

E.0O.H. 15.5m.

Down hole average 0.50
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: E.L. .28/85 '
(777 AREA: NARACOOPA EOLE NO: 500W 1800N
LOGGZD BY: GRAHAM LEE DATE DRILLED: 29.1.89
METHOD: Rigo
Interval - We. Description ' 2 Slize % +1000 un | % H.M.
(m) kg)
0 - 1.5 3.80 SAND, medium - coarse grained, well sorted, grey. 2.9 0.21 0.43
1.5 - 3.5 9.40 AS ABOVE 6.93 0.35 0.52
3.5 -5.5 6.70 AS ABOVE, brown, lightly indurated. 7.08 0.08 0.41
5.5 -17.5 5.35 SANE, medium grained, well sorted, peaty and indurated. 12.51 1,84 0.69
Dark brown,
7.5 -96.5 PEAT and clay with minor sand
(Do not tesq)
9.5 - 11,5 7.15 SAND, medium grained, well sorted. Peaty at top then 4,32 0.12 0.54
some indurated.
11.5 - 13.5 3.65 SAND, grading coarser with depth., Some induration, 4.30 0.20 0.38
Clayey matrix.
13.5 - 14.79 5.30 SAND, as above, pyritic. Clay, dark brown, mica rich 11.35 8.72 0.79
14,75m,
E.Q.H. 14.,75m. &
=N
&2
o
Down hole av e 0.46
erag 3
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: E.L. 28/85 '
7., AREA: NARACOOPA HOLE NO: 5201 1800N
LOGGZD BY: GRAHAM LEE DATE DRIIIED: 29.1.89
METHOD: Rig
Interval - We. Description . % Slime % +1000 um| % H.M.
(m) kg) |

0-1.5 4,20 SAND, medium - coarse grained, well sorted, grey. 4,03 0.33 0.71
1.5 - 3.5 8.80 AS ABQVE, brown. - 7.55 0.14 0.75
3.5 - 5.5 6.55 AS ABOVE, brown. 5,78 0.02 0.66
5.5 - 7.5 PEAT. Some sand as above at top of interval.

(Do not test)

9.5 - 11.5 7.75 SAND, medium to fine grained, well sorted, brown. 7.51 0.04 0.24
11,5 - 13.5 4.15 AS ABOVE, peaty and indurated in part. 8.04 0.94 0.47
13.5 - 14.5 4.25 SAND, medium grained, poorly sorted, pyritic. Clay at 7 15,30 8.94 0.65
14.2m.
E.C.H. 14.5m.
Downt hole average 0.41
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CLTENT: NATIONAL MINERAL SANDS ' TITLE NO: EL 28/85
Gr?l A AREA: NARACOOPA HOLE NO: 80F 2000N
LOGGED BY: ANDREW DOVE DATE DRILLED: 6.11.88
Interval Dry Wt. [ Description % Slime % + 1000 um. A H.M.
(m) (kg)
0-1.0 2.30 SAND fine to medium grained, white to light grey 0.76 0.19 5.70
graded to orange, indurated at base, started sludging
1.0 - 2.0 2.61 SAND fine to medium grained, dark brown, indurated, 2.01 1.37 1.74
hit rock.
2.0 - 3.0 3.31 SAND fine to medium grained, grey to brown becomes 0.73 7.05 0,59

coarser with depth, hit gravel at base.

3.0 - 3.4 1.18 AS ABOVE hit rock. 0.72 2.67 0.82

EOH 3.4m. rock.

Down hole average 2.46

0 - 2.0 Depth and grade at 1.5% cut-off : 3.72
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: EL 28/85
AREA: NARACCOPA HOLE NO: - 60F 2000N
U 1occep py: ANDREW DOVE DATE DRILLED: 6.11.88
Taterval Dry Wt. Description % Slime % + 1000 um| % H.M.
(m) (kg)
0-1.0 2.08 SAND fine to medium grained, grey organic grades to 1,97 0.38 3.16
orange then brown
1.0 - 2.0 2.36 SAND medium grained, amber 0.20 0.04 1.66
2.0 - 3.0 2.42 AS ABOVE grades to orange brown. Hit water, 0.25 0.07 1.60
_ started sludging
3.0 - 4.0 2.51 SAND medium to coarse grained, light grey, some gravel. 0.74 0.46 1.72
4,0 - 5,0 4,04 AS ABOVE indurated. 1.47 1.79 1.04
5.0 - 5.6 1.69 SAND medium to coarse grained, dark brown, indurated. 2.17 3,36 1.01
Hit rock.

ECH 5.6m. rock.

Down hole average ' 1.75 <t

. . #&I

0 - 4.0 Depth and grade at 1.57 cut-off 2.04 &3
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CLIENT: NATIONAL MINERAL SANDS ' TITLE NO: © EL 28/85
AREA: NARACOOPA | HOLE NO: 4OE 2000N
LOGGED BY: ANDREW DOVE DATE DRILLED: 6.11.88
075 -
Interval Dry Wt. Description % Slime % + 1000 um| % H.M.
{m) (kg)
0-1.0 1.82 SAND fine to medium grained, grey organic grades into 0.74 0.07 1.54
orange brown. H.M. present. Becomes coarser with
depth.
1.0 - 2.0 2.05 SAND medium to coarse grained, orange brown grades to 0.86 0.27 1.03

brown, indurated.
2.0 - 3.0 1.98 SAND medium to coarse grained, brown grading to light .42 0.26 0.58
grey. Hit water 2.5m. becomes coarser with depth.
Started sludging.

3.0 - 4.0 3.66 SAND medium to coarse grained, light grey, slightly 1.30 0.90 0.90
indurated. Some gravel and clay.

4.0 - 4.4 z:31 AS ABOVE hit clay. 1.50 0.85 2.38

EOH 4.4m. clay

Down hole average 1.14

0-1.0 Depth and grade at 1,5% cut-off 1.54
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: EL 28/85
Ui o area: NARACOOPA HOLE N¥O: 20F 2000N
LOGGED BY: ANDREW DOVE DATE DRILLED: 6,11.88
Interval Dry Wt. Description % Slime % + 1000 um| % H.M.
(m) (kg)

0-1.0 0.13 PEAT. Started sludging 59.41 . 0.24 1.15
1.0 - 2.0 1.69 SAND fine grained, grey very peaty. 1.69 0.10 7.44
2.0 -~ 3.0 2.92 AS ABOVE. H.M. present 1.18 0.19 22.05
3.0 - 3.1 1.63 AS ABOVE. Hit clay. 2.05 0.27 28.59

EOH 3.1m. clay.
Down hole average : 10.81
0~ 3.1 Depth and grade at 1.5% cut—off : . 10,81
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CLIENT: NATIONAL MINERAL SANDS TITLE NO: EL 28/85
G!Féﬁ AREA: NARACOCPA West of Sea Elephant Road near tip HOLE NO: sI
LOGGED BY: GRAHAM LEE DATE DRILLED: 2,2.89
Interval Dry Wt. Description % Slime %+ 1000 um Z H.M.
(m) (kg)
0-1.5 5.50 SAND, medium, well sorted, grey at top then brown, 3.63 0.11 1.20
Water Table 1.0.m.
Hard indurated laver at 1.3m.
1.5 -3.5 7.65 AS ABOVE, brown with some hard indurated layers 4,19 0.13 0.56
3.5 - 5.5 9.00 AS ABOVE to 4.5m. then hard indurated layers. 5.40 0.09 0.40
5.5 - 7.5 8.60 SAND, medium, well sorted, pale brown. 5.28 0,05 0.67
7.5 - 9.5 - 8.10 AS ABOVE 2.81 0.12 0.44
9.5 - 11.0 1.85 SAND, medium, grading down to coarse with fine 13,67 14,69 1.12

gravel at bottom,
Clay, brown, stiff at 11.0m.

E.O.H. 11.5m.

Down hole average 0.75
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voy 54 76
33 Nelson St,
PO. Box 5,
Smithton 7330

Laboralory Services Ph. 52 1982

=
-3
<o
0
Y

A Division of Circular Head Dolomite & Trading Co. Pty. Ltd.
(Incorporated in Tasmania)

- 15th December, 1988

Peter Stitt & Assocliates Pty. Ltd.,
5th Floor King York House,

32 York Street,

SYDNEY. N.S.W. 2000

ATTENTION: MR, G. LEE

Dear Sir,

Please find enclosed raw data documentation for the completion of the
reconnaissance work on King Island.

Yours faithfully,

For RHF LABORATORY

ez

G.P. Dowson,
MANAGER.
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o Depth Total wt. % Slime %+ 1000u X-1090u % H.M.
jo (Kg) N
600N 542082
20E 0-1.0 1.46 3.43 0.21 99.79 0.66
1.0-2.0 1.74 0.27 0.03 99.97 0.75
2.0-3.0 2.97 2.83 0.4 99.86 0.42
3.0-4.2 4.52 2.51 1.62 98.38 0.22
40E 0-1.0 1.95 2.05 D.16 99.84 3.79
1.0-2.0 2.24 0.85 0.03 9%.97 3.54
2.0-3.0 2.23 0.91 0.16 99.84 10.05
3.0-3.7 2.66 1.37 0.33 99.67 26.66
60E 0-1.0 1.96 1.86 0.13 99.87 2.67
1.0-2.0 2.56 0.26 0.07 99.93 2.20
2.0-3.0 2.11 0.24 D.52 99,48 0.72
3.0-4.0 3.82 1.11 0.76 99.24 2.01
4.0-4.2 1.36 1.32 1.37 98.63 4.24
B0OE 0-1.0 1.68 0.12 0.07 99.93 7.59
1.0-2.0 2.23 0.34 0.09 99.91 4. 46
2.0-3.0 3.18 2.00 0.99 99.01 2.49
3.0-3.8 2.45 1.06 1.59 98.41 3.62
2000N
20E 0-1.0 0.13 59.41 0.24 - 99.76 1.15 -
1.0-2.0 1.69 1.69 0.10 99.90 7.44
2.0-3.0 2.92 1.18 0.19 99.81 22.05
3.0-3.1 1.63 2.05 0.27 ' 99.73 28.59
1800N
40E 0-1.0 1.62 1.79 0.19 99.81 2.23
1.0-2.0 2.33 0.79 0.59 99.41 0.63
2.0-2.9 2.98 1.15 0.48 99.52 1.24
60E 0-1.0 2.07 .20 0.14 99.86 4.18
1.0-2.0 2.36 0.25 0.02 99.98 3.45
2.0-3.0 2.47 0.31 0.01 99.99 2.81
3.0-4.0 1.59 0.38 0.26 99.74 3.36
4.0-5.0 3.48 1.02 0.87 99.13 Q.66
5.0-5.6 2.75 1.39 1.72 98.28 1.37
80E 0-1.0 2.90 0.49 0.35 99.65 5.94
1.0-2.0 2.12 1.80 0.97 99.03 2.29
2.0-2.8 3.69 1.14 4.54 95.46 0.47
20E D-1.0 0.94 18.26 0.64 99.36 2.09
1.0-1.25 0.31 1.86 0.17 99.83 8.03
2000N '
40E 0-1.0 1.82 0.74 D.07 99.93 1.54
1.0-2.0 2.05% 0.86 0.27 99.73 1.03
2.0-3.0 1.98 0.42 0.26 99.74 0.58
3.0-4.0 3.66 1.30 0.%0 99.10 0.%0
4.0-4.4 2.3 1.50 0.85 99.15 2.38
60E 0-1.0 2.08 1.97 0.38 99.62 3.16
1.0-2.0 2,36 0.20 0.04 99.96 1.66
2.0-3.0 2.42 0.25 0.07 99.93 1.60
3.0-4.0 2.51 0.74 0.46 99.54 1.72
4.0-5.0 4.04 1.47 1.79 98.21 1.04
5.0-5.6 1.69 2.17 3.36 96.64 1.01
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Depth Total wt. X Sliwe %+ 1000u %-1000u % H.M,
(Kg) .
&y '3
- 542083
2000N
80E 0-1.0 2,30 0.76 0,19 99.81 5.70
1.0-2.0 2.61 Z2.01 1.37 98.63 1.74
2.0-3.0 3.31 0.73 7.05 92.95 0.59
3.0-3.4 1.18 0.72 2.67 97.33 0.82
700N
340W 0-1.0 3.06 2.00 0.62 99.38 12.26
1-2.0 1.94 9.21 0.70 29 .30 10.28
2.0-3.0 1.75 16.00 0.71 99,29 12.52
3.0-4.0 4,31 1.16 0.13 99.87 .14
360W 0-1.0 2.31 8.87 0.49 39.51 12.67
1.0-2.0 2.21 7.43 1.61 98.39 5.97
2.0-2.3 g.94 10.40 0.63 99 .37 10.33
600N
60C 0-1.5 5.68 2.09 0.1 93.69 26.33
1.5-3.5 6.61 1.31 0.a7 99.93 8.06
3.5-5.5 2.04 1.48 0.02 99.98 1.81
80E 0-1.5 5.82 0.67 0.03 99.97 10.63
1.5-3.9% 5,92 1.65 G.00 100Q0.00 2.02
3.5-5.5 8.23 1.18 0.05 99.95 1.18
5.5=-7.5 B8.56 2,93 0.19 29.81 1.03
7.5-9.5 5.93 6.52 4,11 95.89 1.26
100E 0-1.5 1.53 0.91 0.25 99.75 13.86
1.5-3.5 1.18 0.69 G.01 99.99 8.81
3.5-5.5 1.99 1.96 0.03 93,97 2.39
5.5-7.5 2.68 3.75 0.80 99.20 1.39
7.5-8.5 0.70 5.14 0.36 99.64 8.43
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542084
33 Nelson St,
P.0. Bax 5,
Smithton 7330

Laboralory Services Ph. 52 1982

| e
‘ & ¢
{4

i

A Division of Circutar Head Dolomite & Trading Co. Pty, Ltd.
(Incorporated in Tasmania)

12th May, 1989

Peter Stitt & Associates Pty. Ltd.,
5cth Floor KingYork House,

32 York Street,

SYDNEY. N.5.W. 2000

ATTENTION Mr. G. Lee
Dear Sir,

Please find enclosed complete raw data documentation for the Cowper Point and
Naracoopa Surveys.

Yours faithfully,
For RHF LABORATORY SERVICES

:r@

G.P. Dowson,
Manager.

GPD;CJH
Encl.
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S All correspondence to:
P.O. Box 161,

Lismore, N.S.W.
Australia 2480

— METALLURG'CAL SERV'CES ‘.’.LT; LILDNSW, Ph: {066) 21 7451

Fax: (066) 21 9384
RMS 1 COOK STREET, LISMORE, N.SW. AUSTRALIA Telex: AR 166156
I
Your Ret: Our Ret.
18 May 1989

Mr Graham Lee

Peter Stitt & Associates Pty Ltd
Mining & Geological Consultants
5th Floor, King York House

32 York Street

SYDNEY NSw 2000

Dear Graham,

Further to your request on 9 May 1989 and your telephone conversation of today, please
"~ find below a brief summary formalising the testwork conducted by Readings Metallurgical
Services under the job numbers 2971 and 3048,

1. RMS Job 2971

This testwork involved the magnetic fractionisation and subsequent Clerici separation of
the resulting non mags of three samples of King island Heavy Mineral Concentrate. The
three samples involved were:

Sample 2: 500N, 7180E; 600N, 160E; 700N, 160E
160E 140E

Sample 5: 1400N, 80E; 1200N, 60E; 1000N, B80E
60t - 100k 100E

Sample 17: 500N, 140W to 200W

The testwork involved passing each sampie over a laboratory semi lift induced roll magnet
at increasing magnetic intensity to remove a magnetics fraction. The corresponding non
magnetics were sent for Clerici Analysis and then the Clerici densities were optically
examined by RMS staff to quantify minerals present in each density fraction. This
testwork procedure and results were despatched to you on 9 November 1988. Please find
attached a copy of that letter.

2. RMS Job 3048

The terms of reference as applied to this job number called for:

a. The combining of the magnetic fractions from RMS Job 2971 mentioned above,
and '
b. To magnetically fractionate these combined magnetics to see if we could obtain

chromium differentiation.
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2.
The testwork covered under this job number involved:
i. Screening at 300 microns
ii. High Tension/Plate separation to remove non conductors
iii. Magnetic fractionisation into six magnetic fractions on a pilot induced roll
magnet
iv. The chemical assays of the six magnetics fractions obtained in (iii) above,

This work was reported to you by fax on 23 December 1988 and 4 January 1989. Please
find attached copies of these two faxes.

Trust this letter formalises the testwork covered under the two RMS jobs mentioned,

Yours faithfully,
READINGS METALLURGICAL SERVICES PTY LTD

Eugene Dardengo
Project Metallurgist

enc
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Readi "(]) READINGS OF LISMORE PTY. LTD.

GROUP OF COMPANIES ®
MINERAL PROCESSING EQUIPMENT & TECHNICAL SEAVICES

Your Ref: Our Ret. 2971

9 Novermnber 1988

Peter Stitt & Associates Pty L.td
Mining and Geological Consultants
5th Floor

King York House

32 York Street

SYDNEY NSW 2000

ATTENTION: GRAHAM LEE

Dear Graham,

RE: THREE HEAVY MINERAL CONCENTRATES FROM KING ISLAND

Following your visit to Readings of Lismore on 14 October 1988, please find below a
summary of testwork conducted on the three samples mentioned above as per your letter
of 23 August 1988, :

Testwork Procedure:

The three samples received were passed over our laboratory Semi-lift Induced Roll Magnet
at increasing magnetic intensity to remove a magnetic fraction. The resulting
non-magnetic fraction was then sent to G.C.A.S. for clerici separation at 2.85, 3.85, 4.05

and 4.22 S.G.

The density fractions >3.85 <4.05, >4.05 <4.22 and >4.22 were optically examined by David
James {eyeball observation) and these grain counts should be treated with this in mind.

Testwork Results:
The results obtained from this testwork are attached in table form.

Yours faithfully,
READINGS OF LISMORE PTY LTD

Eugene Dardengo
Project Metallurgist

1 COOK STREET, LISMORE, N S.W. AUSTRALIA
Afl correspondence to' P O Box 161, Lismore. N S W Austraha 2480

Telex READG AA 166158
[l

N faT-F-RUa I B S Rt )



gun
SAMPLE 2 '
NON/MAGS
PRODUCT MAGS <2.85 S.G. >2.85 <3.85 5.G,| >3.85 <4.05 5.G. >4,05 <4.22 S.G. >4,.22 5.G.
% wt 79.39 0.44 7.31 0.86 0.98 11.02
Microscopic Presume Presume No Zircon 99% Rutile/Anatase/Rutile|50% Zircon staining
Quartz. Other 0.5% Rutile reporting Leucoxene intermediate
Observations Minerals ? Anatase - maybe a 92% TiOp |50% Rutile - coarse
BO% Pale Brown & Medium
Brown Leucoxene
19% Other Minerals 1% Silicates
(glassy minerals)
SAMPLE 5
NON/MAGS
PRODUCT MAGS <2.85 S.G. >2.85 <3.85 S.G.| »3.85 <4.05 S.G. >4,05 <4,22 S.G. >4.22 S.G.
% wt 69.41 3.65 5.36 1.36 1.18 19.04
Microscopic Presume Presume No Zircon 99% Rutile/Anatase/Rutile{55% Zircon
Quartz Other 1.0% Rutile reporting Leucoxene Majority is clean
Observations Minerals ¢ Anatase { Sulphides present 45% Rutile - coarse
90% Leucoxene 1% Silicates

9% . Other Minerals
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SAMPLE 17
NON/MAGS
PRODUCT MAGS <2.85 S.G. >2.85 <3.,85 5.G.| >3.85 <4.05 5.G. >4,05 <4,22 S.G. >4,22 5.G.
% wt 87.33 0.85 2.33 0.60 0.44 8.45
Microscopic Presume Presume No Zircon 99% Rutile/Anatase/Rutile{60% Zircon; most is
Quartz Cther 0.5% Rutile reporting Leucoxene heavily stained;
Cbservations Minerals ? Anatase 1%  Silicates stain looks

80% Leucoxene
19% Other Minerals

internal, water
attritioning not
sufficient, need
chemical attrit-
ioning. Some of
the Zircon is
coarse.

40% Rutile; majority
is coarse. Looks
clean.
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FACSIMILE SHEET

READINGS METALLURGICAL SERVICES PTY LTD
MINERAL DRESSING CONSULTANTS AND LABORATORY SERVICES
PO BOX 161, LISMORE, NSW 2480 AUSTRALIA
PHONE (066) 2174517 TELEX 166158 READG
FACSIMILE (066) 21 9384

CLIENT FILE Atrrowpe Hnerete Sarn 08 f;oﬂy
TO Lo Gyt T NUMBER (2 262 436X
EROM Ll ene IRDENGD DATE 4 -/-89

REFNO AL #623 TOTAL OF _S__ PAGES INCLUDING THIS ONE

Please call if any pages are not received.
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FACSIMILE SHEET

of READINGS OF LISMORE PTY, LTD.
I:(’l’(l‘ ' g MINERAL PROCESSING EQUIPMENT & TECHNICAL SERVICE!
P.O. BOX 161, LISMORE NSW AUSTRALIA 2480
GROUP OF COMPANIES PHONE (066) 21 7451 TELEX 166158 READG
FACSIMILE (066) 21 9384

Gout)

- CLIENT FILE PETER STITT & ASSOCIATES (28)
TO GRAMAM LEE NUMBER 02 262 2395
FROM EUGENE DARDENGO DATE 23.12.88
REF NO _ RL 4577 TOTAL OF _2 _ PAGES INCLUDING THIS ONE

Please call if any pages are not received.

MESSAGE:

Further to your recent conversations with David James and myself, please find attached
Treatment flowsheet of the testwork conducted on the combine magnetic fractions from
Readings of Lismore Job 2971

We have sent the six magnetic fractions for chemical assays (ie TiO3, Cr03, 5i03, Al203
and Total! Fe as per our telephone conversation 21 December 1988) to Gold Coast Assay
S Services, via lpec.

No Assays results are available at this time as the samples were held up in Sydney (don't
know how) and did not arrive as planned, to be assayed on 22 December 1988, with results
being available today.

This delay is beyond Reading’s control and assays will now be available in the first week
of the New Year.

| hate to wish you a Merry Christmas and happy new year on a less than pleasant note,
however all the best for the festive season.

Regards,

fgeet

Eugene Dardengo
Project Metallurgist
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I '89%?/‘;% 16:47 T61-066-219334

READINGS L1SMORE EA2101

FACSIMILE SHEET

READINGS METALLURGICAL SERVICES PTY LTD

Yno2

MINERAL DRESSING CONSULTANTS AND LABORATORY SERVICES

_, PO BOX 161, LISMORE. NSW 2480 AUSTRALIA
PHONE (066) 217451 TELEX 166158 READG

RMS FACSIMILE (066) 21 9384

R ‘
‘CLIENT FILE ~ NATIONAL MINERAL SANDS PTY LTD ( Boua)
TO DAVID GILLETT NUMBER __ 02 262 4368
FROM __ EUGENE DARDENGO DATE 4 JANUARY 1989 .
REF NO _RMS 4613 TOTAL OF __ 1 _ PAGES INCLUDING THIS ONE

Please cali if any pages are not received.

MESSAGE: RE: ASSAYS REQUESTED BY GRAHAM LEE
David,

1. Could you pass this information onto Graham. Thls information relates to a fax |
sent to Graham on 23 December 1988.

Product % Assay -

TiOz Fe;03 Si0y Cro03 Al03

Té Mag 1 53.0 43.1 0.40 1.46 0.96
T6 Mag 2 56.4 38.6 1.01 1.37 1.12
16 Mag 3 58.1 - 34.7 0.90 2.35 1.76
Tb Mag 4 58.0 31.5 0,92 3.38 2.44
T6 Mag 5 59,2 30.4 0.91 3,31 2.70
76 Mag 6 59,1 29.7 1,12 3.10 3.21

2. The information you requested as per our telephone conversation 3 January 1989,
ie brochures, are being dispatched to you today via Ansett Air Freight Consignment
Note AP 412937.

Regards,
[ ujmt

Eugene Dardengo
Project Metallurgist
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SUMMARY

A total of 1400 kg of Lanherne raw sand drill samples
were composited for metallurgical testing.

The head grade was determined to be 5.3% heavy
mineral.

A heavy mineral concentrate was prepared using a
combination of spiral and wet table concentration.

The heavy mineral concentrate was then separated using
high tension and magnetic separation techniques to
prepare ilmenite, rutile and zircon products.

The rutile product contained excessive sulphur (1.19%)
and the initial flotation response was poor, possibly
due to organic coatings on the mineral surfaces.
Excellent flotation results were achieved after the
product had been attritioned in caustic soda solution.

Product analyses are given below :

y 1" .
T'iOz Fe203 Mno ’ Ci203 Al203 S SnOz
% % % A % % ppm
Ilmenite 57.2 32.5 1.55 1.46 - - -
Rutile ?6.9 0.585 - - 0.198 <0.005 2750
Zircon 0.4 0.308 - - 2.7¢9 - ‘ 44
The high tin content (Sn0, = 2750ppm) in the final

rutile product is of some concern, although it is
believed that it can be resolved in plant operations,
because of its high SG, by using a wet gravity
technique.

Although the zircon product is o©ff grade, the
contaminants do not pose long term production

problens.

The chrome in ilmenite is in the form of a chrome
spinel (chromite).

i2

e e e i i m D T e e T R e s s s e



fomu b
oy

042113

INTRODUCTION

A request was received from the client, National
Mineral Sands Pty Ltd, for an initial metallurgical
test programme to be undertaken upon a composite
sample prepared from drill hole samples taken from the
Lanherne Beach Deposit.

The required metallurgical testwork programme was
outlined in a letter from National Mineral Sands Pty
Ltd, and included the production of mineral samples
suitable for initial marketing purposes and an
indication of expected product quality.

SAMPLES RECEIVED

All the drill hole samples taken during the drilling
campaign carried out in the southern (Naracoopa)
deposits were forwarded by the client.

These samples included :

1. Heavy mineral tailing

2. Sand tailing

3. Raw sand - Lanherhe Beach
4. Sea and Milford beaches

However, only the Lanherne raw sand samples were to be
composited for the initial metallurgical test
programme and these samples are listed in Table 1.

The total weight of the composite sample was 1400kg.

HEAD SAMPLE

The samples were composited and then thoroughly
blended using a rotary splitter before a head sample
was split from the bulk.

The percentage heavy mineral (SG 32.96) in the sample

was determined to be 5.3%. \\ <
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The particle sizing distribution was determined for
both the heavy liquid sink product (SG >2.96) and the
float product (SG <2.96). These data are given in
Table 2 and illustrated by Figure 1.

ANATYTICAL

Samples arising from the testwork were forwarded to
Analabs (Balcatta) laboratory for analysis.

PRODUCTION OF HEAVY MINERAL CONCENTRATE

The following two stages of concentration were used to
prepare a heavy mineral concentrate for dry plant
testwork :

1. single stage spiral rougher concentration; and
2. cleaning on a laboratory wet table.

Insufficient material was available for cleaner spiral
concentration.

5.1. Spiral Concentration

A Mineral Deposits MG5 wash waterless spiral was
used for the initial concentration. Preliminary
spiral testwork to determine the weight to
concentrate/heavy mineral recovery relationship
was not included in the scope of work and a
nominal selection of 25% weight to concentrate
was made. Spiral middlings were recycled with
concentrate and tailing as final product.

Spiral products were not dried or weighed, but
the product split was one 200 litre drum of
concentrate and four 200 litre drums of
tailings.

The percentage heavy mineral in the tailing was
determined to be 1.1% indicating low heavy
mineral recovery with insufficient weight
recovery to concentrate.
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5.2. Wet Table Concentration

The wet spiral concentrate was then further
concentrated using a laboratory sized Wilfley
table. Three products were recovered,
concentrate, middling and tailing.

Both the concentrates and middling products
were then water attritioned and deslimed by
washing and decantation before the solids were
dried for the dry separation testwork.

5.3. Attritioning

A laboratory unit with an active volume of §
litres was used for the testwork. The
attritioner has two four blade turbines and is
powered by a variable speed 0.75 kw motor.

It was necessary to wash the damp wet table
concentrates into the attritioner so the pulp
density could not be accurately controlled to
the usual 80% solids. Attritioning time was 10
minutes and no chemical additions were made.

After being discharged from the attritioner, the
solids were deslimed by repeated washing and
decantation and then dried.

HEAVY MINERAL CONCENTRATE

The dry deslimed table products were screened using a
500um aperture sieve to remove oversize before the
<5004m solids were riffle split to provide a head
sample for the determination of the percentage heavy
mineral :

Product Weight Weight Heavy
Mineral

(kg) (%) (%)

Table Concentrate (>»300um) 0.195 0.6 ND

Table Concentrate (<300um) 30.956 9.4 97.5

Total 31.151 100.0 -

=T



Product Weight Weight Heavy
Mineral
(kg) (&3] x>
Table Middling (>500um) 0.514 3.6 KD
Table Middling (<500gm) 13.858 95.4 . 86.0
Total 14£.372 100.0¢ -

The <500um concentrates and middlings were then
composited for the dry plant testwork with the
percentage heavy mineral in the composite sample given
below.

Product

Weight (kg) HM (%) Units

Concentrate 30.956 97.5 J018.21

Middling

Total

7.1.

l 7. INITIAL DRY PLANT TESTWORK

13.858 86.0 1191.79

L4.814 (93.9) 4210.00

Procedure

The initial testwork was conducted according to
the general procedure detailed in Figure 2 and
consisted of high tension roughing and cleaning
stages followed by electrostatic plate cleaning
and magnetic separation.

Results - Weight Recoveries

The weight recoveries for the various unit
operation are given in flowsheet form as listed
in the Table of Contents.

Results - Analysis

Only three products were selected for analysis,
rutile, zircon and one of the ilmenite products.

Analyses are given in Table 3.

545116
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7.4. Discussion

The ilmenite was confirmed to be high in chrome
(1.46% Cr,0;) and a sample was forwarded to
Mintek Services for mineralogical and electron
probe analysis so as to determine the
mineralogical occurrence of the chrome. The
chrome was determined to be present as discrete
grains (chromite). See Mintek report, Appendix
I, for details.

The low percentage TiO, in rutile was due to the
very high sulphide content (1.19% S) while the
Sn0, (>0.1%) was not unexpectedly high
considering the previous history of the deposit.
The percentage sulphur in rutile is very high
compared with some other deposits and indicated
the need for flotation to be included in the
plant treatment circuit.

The zircon was offgrade with respect to TiO,,
Fe,0; and Al,0;. The high Al,0; would be due,

in part, to the concentration procedure used; ie
spiral concentration followed by laboratory wet .
tabling with the aim to maximise heavy mineral
recovery. No data is as yet available on the
difference in weight recovery to concentrate for
heavy mineral recovery and economic heavy
mineral recovery. A percentage of the trash
minerals such as kyanite can be expected to be
rejected in the spiral concentration stage.

8. FOLLOW=-UP TESTWORK

8.1. Rutile

The rutile product was then wet tabled using a
multi-product offtake in an attempt to take a
top table cut to remove the high SG
cassiterite. This operation was not successful
as there was a tendency for the top material to
wash down the table into the bulk of the
material at the discharge end of the table.

Some of the rutile table product was then
floated using sodium ethyl xanthate as a
collector.
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However, the low sulphide concentrate weight
indicated that less than half of the sulphide
floated despite additional xanthate addition and
the use of copper sulphate as an activator. A
considerable quantity of sulphide was observed
in the rutile under the binocular microscope.

A possible reason for the poor fleotation
response was surface organic coatings so the
rutile was then attritioned with caustic soda
addition (1kg/tonne) to clean the mineral
surfaces.

Sulphide flotation response with sodium ethyl
xanthate was then excellent.

Test details are given in Figure 6.
Zircon

The zircon product (Sample 3) was also wet
tabled using the multi-product offtake and, in
an attempt to reduce the Al,0; content, the two
lower products were excluded from the zircon
product. The black solution decanted from the
rutile product was visible evidence of slime
removal by caustic attritioning and a similar
treatment was then given to the zircon wet
table preduct. The dry zircon product, with a
much whiter appearance, was then subjected to
additional electrostatic plate cleaning. Quartz
was removed from the sample submitted for
analysis by heavy liquid separation.

Analyses

Rutile and zircon analytical results are given
in Table 4.

Discussion

Caustic soda attritioning appears to have
enhanced the appearance of the zircon and
allowed the production of low sulphur <300um
rutile product. Sone coarse sulphides were
observed in the >300um product.
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The tin content of the rutile remains high at
2750 ppm SnO,, and the high level is some
concern, although it is expected that, because
of the high SG differential a plant wet table
using a top cut to discard the cassiterite will
successfully reduce the tin in rutile.

The zircon grade with respect to TiO, and Fe,0;,
was somewhat disappointing as, under the
binocular microscope the zircon appeared to be
better grade than the reported 0.4% TiO, and
0.308% Fe,0;. The Al,0; remained high at 2.79%
and a combination of both wet and air tabling
may be required. However, there appears to be
no reason why the specification for TiQ,, Fe,0;
and Al,0y cannot be met in plant operations.

9. RADIOAC
Following a request from the client selected samples
were submitted for thorium and uranium analysis.
Test results are given in Table 5.

The implication of these results will be reported at a
later date.




e e, T et e A R e - A et A e M . AL e b o LT

PR e L R LY

e e A A T e e s o i b T
= Lol et s . [P S SR - L TIPS N - - -
b i e L e A g, W e T

542120

8
TABLES

§ e



I ’ l I : _ - & b e G e
Il BN & N T B N BN BN BN BN N BN O BN B B =

" N B B

]
I e

E ]

20E
40E
60E
80E
1008
120E
140E
160E
180E

S0W
40w
20w
000
20E
40E
60E
80E
100E
120
140E

20E
40E
60E
80E
100E
120E
600
20u
400
&0W
BOW
1000
1200

SAMPLES USED 1IN PREPARATION OF LANHERNE RAW SAND COMPOSITE SAMPLE

TABLE 1

[(Data Supplied by Clientl

(=0 = T = B = B = D = I = = B — i — =}

— U W e O 00000

Vi WViowowow b

L= = B — I = I -~ Y — [ — i = B = ]

9.0

11.0
10.5
10.5

4.0

- 7.5
- 7.5
- 7.5
- 17.0
- 15.5
- 11.5

60E
80E
100€
120€

s40W
520w
500v
480w
460W
440M
420W
400w
oW
36040
3400
320W
J0ow
2804
260u
2400
220
200
180U
1600

1200

100M
80w
&0
40W
20w

000
20E
40E
60E

e
el
&2
[y
&

1
[T
wvioun

coe oo
L} L] ’
0 O
o w

P T T + 4 .
O VI VIV WU WO WU WO Wn

o 000000000000 C 00000 o
]

o WO W o WS N
N

o 000000000 CO

1

s mb mb ek W = W = O
» . .

i W1 Wow v W W wan

«.ofCoNntinued

N TR e e PP N R MSTLDY TR IR R &

PO



542122

TABLE 1 ... Continued
SAMPLES USED IN PREPARATION OF LANHERNE RAW S COMPOSITE SAMPLE

[Data Supplied by Client]

340W 1200N 0 - 1.5 J60u 1400N 0 - 1.5
320w " 0-3.5 3404 " 0-7.5
300w " 0 -5.5 3200 " 0-7.5
280W u 0 -7.5 3004 " 0-7.5
260W " 0-7.5 280w " 0-7.5
240w " 0-7.5 2600 n 0D - 7.5
220 " 0 - 7.5 2400 " 0- 9.5
2000 u o0 -1.5

180w n 0-1.5

TR 28 0 - 13.0 (tIP ROND)

TR 32 0 - 14.5

TR 36 0-7.5

TR 40 0-5.5

TR 45 0-5.5

- Average heavy mineral grade 3 - 6%

. Rutile and zircon contained not known but from previous raw sand mineralogy rutile

shouid be in the range 7 - 8% and zircon 10 - 12% of the heavy mineral suite

Heavy grains are likely to be coated:
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TABLE 2
THE PARTICLE SIZING DISTRIBUTION FOR HEAVY LIQUID SINK AND FLOAT PRODUCTS
Aperture Sink Float
Weight, X Weight, %
Cum) Retained Passing Retdined Passing
+500 3.0 97.0 4.8 95.2
=500 +355 6.4 ©0.6 13.9 81.3
-355 +250 17.8 72.8 38.6 42.7
-250 +180 21.1 51.7 25.2 17.5
-180 +125 29.5 22.2 12.2 5.3
-125 + 90 11.7 10.5 2.0 3.3
- 90 + &3 2.1 1.4 1.7 1.6
- &3 + 45 0.7 0.7 0.5 1.1
- 45 0.7 1.1
100.0 100.0

it e AR A T, S TR T YT TR A, R, e

o

o g ol e ——— R



542124

P14
- 12 -
TABLE 3
ANALYTICAL DATA FOR_SELECTED PRODUCTS - INITIAL TESTWORK

[All Data X]
Product Sample No Tio, FesOx Mno Cry03 Alo03 sngd, s
Ilmenite 1 57.2 32.5 1.55 1.46 - - -
Rutile 2 92.9 1.86 - - 0.355 >0.1 1.1¢%

Zircon 3 1.28 0.62 - - 5.12 <0.005 - -
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JABLE 4
ANALYTICAL DATA FOR _FINAL PRODUCTS
[Data % Except Where Noted]

Product  Sample No Tio, Fep05 Aly03 s $n0,
{ppm)
Rutile 23 96.9 0.585 0.198 <0.005 2750
Zircon 24 0.4 0.308 2.79 - 44
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IABLE 5
THORIUM AND URANILIM AMALYSES SELECTED SAMPLES
[Data in ppm]
Product Sample No Th u
Bulk spiral Teiling 18 1.96 0.41
Ilmenite (1) 19 13.50 2.85
Rutile (2) 20 10.50 15.80
Nol N/C IRM Mags (190) 21 765 52.80

Head Heavy Mineral (Combinea Table Conc & Mid) 22 138 17.70
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NARACOOPA PROJECT - GEMNERAL PROCEDURE FOR INITIAL TESTWORK

|

I

|
Blend

|

I

Rougher Spiral

Wet Table

I
|
Heavy Mineral Concentrate
I
|

Water Attrition
(Deslime)

Dry Screen

HT Roll Separation

Conductor
HT Roll

Magnetic Separation

Il
r 1

-1

I

Tailing

Tailing

Reject +500am

Non-conductor
HT Roll

Electrostatic Screen
Plate Cleaning

I I l

Mags Non Mags | |
| | Magnetics Non Magnetics
Electrostatic Electrostatic | |
Plate Cleaning Plate Cleaning Monazite? Heavy Liquid
| t Staurolite Separation to
| I Garnet Remove Quartz
1lmenite Rutile i
Zircon
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HEAD SAMPLE - PARTICLE SIZING DISTRIBUTION FOR HEAVY MINERAL AND QUARTZ
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FIGURE 3
HIGH TENSION ROLL TESTWORK
Feed 6 Trays Treated :
| Mid from No. 1 Tray
r >| to No.2 Tray. No.6
J | Tray Mid to Cond
| I L )
Step 1 | | Rougher HT Rol! |
| | 300 rpm, 105-110°C [
| | 20kv | Conductor RR1 -> RR2
| . I —— Conductor RR2 -> RR3
! } | | Conductor RR3 -> RR4
| Mid Cond Mon-Cond Conductor RR4 -> Mag Sep
| | - |
| I S | | I
RR1 11508
RR2 3814
RR3 2004
RR& 1284
RR1 Non- Cond {(11508)
Step 2 |
|
I
) 1
| | Non cond €1 -> €2
| Cleaner HT Roll [ Non cond C2 -> ESP
| ]
L )
T T
! |
Cond |
| L
m
| I
C1 2648 Non-Cond 1
c2 1532 7328
Composite
|
|
Step 3 r ' 1
| 1
Composite | Rougher HT Roll |
RRZ2 H/C 3814 | |
RR3 2004 L . —
RR4 1284 | |
ci 2648 Cond Non-Cond 2
c2 1532 | |
— | |
11282 c1 6318
c2 1559
c3 588
c4 374

8839
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Step 4

Step 5
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ELECTROSTATIC SCREEN PLATE CLEANING OF NON-CONDUCTORS

Non-Conductor 1 (ex Figure 1)

Heavy Liquid

> Floats $G <2.946

|
1
r

> 2ZP2 3279

sink G »2.96
I
I 1 1
ESSP
L ]
T T
I |
Cond Non-Cond
I !
()< I |
117 |
I L —
f IRM 180 RPM |
| 3.2mm 17000 Gauss |
L T 1 1 I
I | I
Mags Mid Non-Mag
I I I
(10)< ) | L > ZP1 2005
1841.5 1048 .4
Non-Conductor 2 (ex Figure 1)
I
i
I 1
ESSP
L )
T T
| I
Cond Non-Cond
| |
(6)< | |
732.0 |
F i 1
I IRM 180 RPM |
| 3.2mm 17000 Gauss |
L T T I !
I I |
Mags Mid Non-Mag
I | I
(7)< ] | | IN—
3768.7 882.1
(8

Note: Composite ZP1 and 2P2 = 52B4g.

Riffle 164.49 to TBE.

Sink = 154.4g9 (3)
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EIGURE 5
MAGNETIC SEPARATION AND ELECTROSTATIC PLATE CLEANING OF CONDUCTORS
Step 6 Conductors (ex Figure 1)
|
1
r 1
| Mecal Lift Magnet |
| 9100 Gauss |
L : : ]
I : I
Mags Non-Mags
1 - !
1 L
M 1
| |
[ 0 ' }
Screen 300am [ 1RM 180 RPM 1}
| | 4.8mm 14000 Gauss |
[ : T T T :
0 : 1 : | | I
I I I I I
+300um =300pm Mags Mid Non-HMag
1056 14391 | | |
Garnet Ilmenite & Some Garnpet | | |
(13) (14) 3200 3473 5652
| 15) (16) |
| [
Riffle —
I I
1 1
— 1 —
| ESP | | ESP
1 1 1
T T T T
| | I [
Cond Non-Cond Cond Non-Cond
| I | I
i | | I
1585 243 4722 907
1) (4) (2) (5)
Ilmenite Rutlle

Legend: Weights in grams
( ) = Sample No.
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EIGURE 6
FOLLOW-UP TESTWORK - RUTILE

sample 2 (ex Figure 3)

I 1
| Wet Table |
| Multi Offtake |
[ I

T T
| |
Top Cut Offtakes 6 - 8
I I 4565.3
| |
offtakes 1, 2 | i
= |
38.7 |
Dry
I
|
Riffle
I
|
F
I
2000g
!
|
Flotation
|
i
|
[
Attrition in Caustic Soda
!
I
Flotation
I
|
]
Screen 300um
|
—
[
|
1
f 1
ESP |
L _ 1
T T
| [
Conductor Nen-Conductor
| !
I I
1695.6 200.%
Rutile (25)
(23}

v

A4

WY
o

5472

Store

Conc. 22.0g

Conc. 33.0

+300um 7.0

I,
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FIGURE 7
FOLLOW-UP TESTWORK - ZIRCON

Composite 2P1 and ZP2 (ex figure 2)

|
|

1

542134

-——q

Wet Table
Multi Offtake

Offtake 1-6

Offtake 7

Screen 300um

|

| +300zm

T

Offtake 8

I
307.6

> 17.4

-300um

I
I
I
IRM
|
i Mags
l
I

> 99.0

I

Caustic Attrition

ESP

Cond

> 74.5

|
|
f
I

Non-Cond

Heavy Liquid

> Floats SG <2.96

i

!

sink SG >2.96
I
I

Zircon
(24)
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APPENDIX T
MINTEK SERVICES -~ MINERAGRAPHIC REPORT
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27 Burma Road Lesmurdie Western Aystralia 6076
PO Box 242 Kalamunda Western Australia 6076

Services

Telephane: (09) 291 7491

14th April, 1989

Mr. D.R. Moyses
Ammtec

6 MacAdam Place
BALCATTA WA 6021

Mineragraphic Report IL 29605

A2046/1

Order No. 5980
27th February, 1989

.E. Borner




i Gl G TIE O n G A N GBE TE .- =l

|

a

542137
127
MINTEX SERVICES
MINERAGRAPHIC DESCRIPTION
Sample No. A2046/1 AMMTEC Registered No. IL 29605

Polished section

MEGASCOPIC CHARACTERISTICS

Nature of Sample: Ilmenite sample A2046/1, Assay 1l.46% Cr2a0j
Minerals Visible: Fine ilmenite.

Texture: Finely granular and porous.

Colour: Grey and dark grey.

Grain Size: Very fine and fine-grained.

Other Comments: Many of the ilmenite grains are seen under
2 binocular microscope to be finely porous, possibly due to
the effects of leaching. 2Zoned grains could also be present.
The polished grain mount will be examined with the SEM in
order to determine if chromite is present. Leucoxene 1is a
general term for the alteration products of ilmenite.

MICROSCOPIC CHARACTERISTICS

MINERAGRAPHY

Constituents: (Percent visual estimate)

99% Ilmenite occurs as very fine and fine-grained,
often finely porous and translucent subangular to rounded
detrital grains that when examined with the aid of the SEM
revealed that chromium is absent. Trace Mn was detected in
many of the ilmenite grains examined. Two of the ilmenite
grains enclosed very fine zircon grains, and rarely very
fine gquartz and pyrite grains and clusters. All phases of
titanium enrichment can be seen in most of the ilmenite
grains examined. This is reflected by the variation in colour
at the grain boundaries, and zoning. Secondary rutile appears
to have been developed at the grain boundaries during weather-
ing and leaching processes that depleted iron from the ilmenite.
Magnetite and hematite rims are absent.

1% Chromite occurs as four fine subangular and
subrounded grains that show no evidence of alteration or
leaching at the grain boundaries.

Texture: Finely granular.
Surficial Alteration: Weathering, leaching and supergene
enrichment of ilmenite.

Mineralogy: Fine leached and supergene enriched ilmenite
grains with minor chromite {(chrome spinel).

-002
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Sample No. A2046/1 AMMTEC
Polished section

Remarks: No chromium was detected in the ilmenite grains
when these were examined in some detail with the SEM.
Chromite is present as four detrital grains that would
account for the 1.46% Cr,03 content of the ilmenite con-
centrate.

MINERALOGY: FINE LEACHED AND SUPERGENE ENRICHED ILMENITE
GRAINS WITH MINOR CHROMITE (CHROME SPINEL) .
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2.

(i)

SUMMAR

- A three tonne bulk sample from the Lanherne deposit

(from line 1400N) was supplied for metallurgical
testing.

It was determined that the material contained :

X Weight X HM
»2mm Rock 4.30
Sand 90.09 5.13
Slime S.41
Feed 100.00 4 .63

Slime and table concentration recovered 98.0 kg of
heavy mineral concentrate, at a grade of 81% heavy
mineral, which was forwarded to Readings Metallurgical
Services Pty Ltd, for WHIMS testwork.

Single stage WHIMS recovered 31.50% of the feed to
magnetics which contained 0.41% non-magnetic.

Three options for second stage WHIMS were
investigated.

Single stage WHIMS is the preferred option.

The WHIMS non-magnetics were returned for dry plant
testwork.

Final rutile and 2zircon products were forwarded for
chemical analysis.

Cassiterite was shown to concentrate at the top of the
wet table.

342144
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(ii)

The percentage rutile and 2zircon in the head heavy
mineral were determined to be :

,,/'—ﬂ e
,.r-, \\
RX
Line 1400N 9 \ 5/
Bulk Sample Modal Analysis 12.1 —-8’
Bulk Sample Testwork 8.7

There is a major loss of leucoxene in the primary wet
concentrate, based on modal analysis.

Modal analysis is not overly accurate.

The overall rutile and zircon recovery based on the
testwork is probakly over-optimistic.

Allowing for increased primary concentrate grade and
further elimination of trash "light heavies" in a
secondary wet plant, the overall rutile and =zircon
recovery are each estimated to be 85%.

The testwork appears to have emphasised the need for
efficient attritioning, and the number of
electrostatic plate stages used to clean the rutile
may have been influenced by inadequate attritioning.
A final attriticning stage was regquired after
flotation before a satisfactory rutile product was
recovered.
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1. INTRODUCTION

A request was received from Mr. David Gillett, acting
on behalf of National Mineral Sands Pty Ltd., for a
programme of metallurgical testwork to be conducted
upon a three tonne bulk sample from the Lanherne, King
Island, heavy mineral deposit.

The required testwork included spiral concentration
testwork and the preparation of a bulk heavy mineral
concentrate for WHIMS testing followed by dry plant
testwork, to be conducted upon the WHIMS non-
magnetics.,

The rougher spiral testwork was toc be conducted upon a
representative portion taken from the bulk sample
supplied and with scavengers and cleaner spiral
testwork to be conducted upon the appropriate products
produced during the spiral concentration stages of the
bulk sample.

Previous plant operations at the site had stockpiled
an ilmenite product and as the earlier laboratory
testwork (Ammtec Report A2046) had indicated high
chrome (1.46% Cr O;) in ilmenite, wet magnetic
separations to discard a magnetic product was a
priority in the development of a plant flowsheet.

Subsequent to the spiral concentration the recovered
heavy mineral concentrate was accordingly forwarded to
Readings Metallurgical Services Pty Ltd for WHIMS
testwork. After an assessment of the RMS test results
all single stage test products were recombined and
repassed at the selected conditions to remove a
magnetic fraction (ilmenite) before three second stage
options were investigated. Apart from selected
product samples, the second stage option products were
then dried and returned to Ammtec for the dry plant
testwork.

2. TESTWORK - SCOPE OF WORK

Details of the scope of work, as indicated by the
client, is given in Appendix I with the overall test
procedure illustrated by Figure 1.
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SAMPIE _SUPPLIED

A total of 20 x 120 litre drums of material were
received. the drums were emptied and the material
spread over a concrete floor and allowed to air dry.
The sclids were then blended using a rotary splitter
and a 1/12 portion split for the rougher spiral
testwork and a head sample.

HEAD SAMPLE

One drum of solids (1/12 portion of the total sample)
was screened to remove the >2mm rock (4.5%) and the
<2mm then split into 12 fractions using a rotary
splitter. A head sample was then split_-fro
the fractions. The head sample was water attritioned
and then deslimed by repeated washing and décantation
with the sand fraction then separated in heavy liquid
(TBE SG = 2.96) with the following results :

(g) -

Weight <2mm head sample 1283.8

Height attritioned deslimed sand 1211.1

Weigh slime 72.7 = 5.66 slime in <2mm ore
= 5.41 ¥ slime in feed

Weight sand to TBE 1211.1

Weight sink (SG >2.96) ’ 62.2 = 5.13% HM in sand

4. 84% HM in <2mm ore
4.634 HH in feed

The particle sizing distribution for the heavy liquid
(SG = 2.96) sipk and float products are given below
for the sand fractions ¢

Ssink {56 >2.96) Float ($G<2.96)

Aperture Height % Weight % Weight % Weight %
(um) Retained Passing Retained Passing
+500 1.5 98.5 1.8 98.2
-500+355 4.3 94.2 12.4 85.8
-355+250 12.2 82.0 36.5 49.3
-250+180 21.8 60.2 26.1 23.2
-180+125 25.9 34.3 14.4 8.B
-125+90 30.3 4.0 7.8 1.0
-90 +63 3.2 0.8 0.7 0.3
-63 +45 0.6 0.2 0.2 6.1
=45 0.2 0.1
100.0 100.0
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In the closed circuit tests, a total of 25-30 kg of
solids are charged to the pump hopper and pumped to a
eightway distributor above the spiral. Usually 2-3
distributor pipes are directed to the spiral with the
remaining material returned to the pump hopper. A
high rate of circulation is maintained in an attempt
to avoid segregation in the pump hopper.

Automatic samplers are used to cut the product streams
at the same time for a set period to allow
calculations of feed rate etc. Water is maintained at
the same level and an equivalent weight of dry solids
added to the pump hopper after each test.

Comparative spiral tests between different makes were
not conducted and each series was restricted to one
make of spiral. A Mineral Deposits 7 Turn MGS spiral
was used for both the rougher and scavenger tests with
a Mineral Deposits HG5 used for the cleaner testwork.

6.1. Closed Circuit Rougher Spiral Testwork (MG5)

Test data are given in Table 1, with the weight
to concentrate/heavy mineral recovery
illustrated by Figure 2 and the weight to
concentrate/grade by Figure 3.

6.2. Closed Circuit Cleaner Spiral Testwork {HG5)

Test data are given in Table 2 with the weight
to concentrate/heavy mineral recovery/grade
illustrated by Figure 4.

6.3. Closed Circuit Scavenger Spiral Testwork (MG5)

During the rougher open circuit spiral operation
(see Section 6.4) the middlings were normally
returned to the pump hopper {closed circuit)
with rougher concentrate and rougher tailing the
two outflow.

However, for a short period, in order to collect
material for the scavenger testwork, the
middling pipe was diverted and a total of 74 kg
(dry weight basis) of rougher middling
collected.
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All cleaner tailing was collected and air dried
before rougher middling and cleaner tailing were
blended in the ratio of 2.5:1 respectively.

Test data are given in Table 3 with the weight
to concentrate/heavy mineral recovery/grade
illustrated by Figure 5.

Open Circuit Bulk Concentrate Production

In the bulk rougher testwork the ore was fed at
a controlled rate using a vibrating feeder onto
a conveyor belt and transported to and slurried
with water in a scrubber trommel. Rock >2mm was
discharged from the end of the trommel screen,
while the slurry passed through the screen into
a pump hopper and was pumped to the spiral pump
feed hopper. Concentrate and tailing products
were diverted to 200 litre drums while the
middlings were recycled.

e
The rougher concentrate was air dried to a o /
sufficiently low moisture level so that the
material would flow freely using a vibrating
feeder, approximately 60 kg was then split for
¢leaner spiral testwork, and the remainder i
pumped to the cleaner spiral. Cleaner J
concentrate was handled in a similar manner.

Product samples, concentrate and tailings were
taken at regular intervals 10, 5 and 3 minutes
for the rougher, cleaner and recleaner tests
respectively.

The products were handled wet and apart from the
feed were not weighed, hence the weight recovery
- to concentrate for each run was determined using
the standard formula :

c =F f -+t

c -t
Where: C = Weight of concentrate (kg)
F = Weight of feed (kg)
f = % Heavy mineral in feed
t = % Heavy mineral in tail
c = %¥ Heavy mineral in concentrate
All calculations were based on a “"sand only" 8

basis as all products were deslimed before being
dried for % heavy mineral determination. ’
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The following weight recoveries were determined:

Spiral Feed* HM Concentrate Weight Heavy
to Mineral
Concentrate Recovery
(kg) (%) (kg) {X HM) %) (%)
Rougher 2724 5.13 1039 12.18 38.1 90.460
Cleaner QIGNE 12.18 434 24.38 44,3 88.71
Recleaner 434 24,38 201.6 48.10 46.5 91.65
Notes: * Rock and slime free basis

** 60 kg rougher conc to closed circuit cleaner tests

6.5. Wet Table Upgrading

Recleaner concentrate was much too low for dry
plant testwork, so the material was further
upgraded to 81.1% using a laboratory wet table.

Overall spiral and table results are given in
Figure 6.

Calculated recleaner concentrate was 201.6 kg
containing 97.0 kg of heavy mineral. As
previously discussed, this material was not
weighed, and was not air dried, but fed wet to
the wet table. Based on the wet table products,
the weight of table feed was 175.5 kg containing
90.5 kg of heavy mineral.

A comparison of the procedures is given below :

Heavy Mineral Concentrate Balance

Based on Based on
Spirals Wet Table Products
Weight Concentrate (kg) 201.6 175.5
Heavy Mineral (%) 48.1 51.6
Heavy Mineral (kg) 97.0 90.5

6.6. Concentrate to RMS

A total of 98 kg of concentrate, at a grade of
81.1% HM, was forwarded to Readings
Metallurgical Services Pty Ltd.
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Mineralogy

Information regarding the mineralogical
composition of the heavy mineral was not
available at the commencement of the program,
but information later provided by the client
indicated a high percentage (27%) of tourmaline
in line 1400N representing the bulk sample.
Tourmaline has a reasonably low specific gravity
2.98-3.2, and the presence of the large amount
of this mineral could explain the need to take a
large percentage weight to concentrate, and
resulting low concentrate grades, to recover a
reasonable percentage of heavy mineral.

However, such a high percentage weight cut is
probably not required to recover a high
percentage of HM.

Details of the mineralogical assessment, by
Applied Petrographic Services, of line 1400N are
given in Table 4.

Samples of the heavy mineral for the head sample
and wet concentration products were forwarded to
Analabs for modal analysis and these data, Table
5, show that the light heavies, tourmaline (SG
2.98-3.2) and amphibole (SG 3-3.2) are close to
a greater than 50% of the so called heavy
mineral (SG >2.96) in the rougher, cleaner and
recleaner tailing; ie 52.2, 55.1 and 49.7%
respectively, with 66.1% and 72.7% tourmaline in
the wet table middling and wet table tailing
respectively.

Wet Concentration ~ Recovery of Selected Heavy
Minerals

Although the procedure probably does not have
high accuracy, based on the weight of heavy
mineral in the samples and the modal analysis,
the recovery of selected heavy minerals is given
in Table 6 with a summary given below, including
a comparison of the data for the concentrate
forwarded for WHIMS testwork :

Mineral Wet Weight to WHIMS
Conc -
Recovery Based On Based On
% Wet Conc Products Conc to RMS
Rutile 97.3 16,44 Yo 1136
Zircon 97.8 11.61 // i 946
Leucoxene 67.1 9.26 .7 8.93

Tourmaline 44.1 15.84 3.50

SR

oy



Although there are discrepancies in the data, eg
the percentage rutile of 12.1% may actually be
closer to the 9% indicated for line 1400N, the

data probably indicate that a high recove:gpof_(kam‘wﬂﬁ
JE—

rutile and zircon can be expected-while it is _
likely that there will be significant loss of
leucoxene in the primary wet concentration.

6.9. Discussion

The concentration curves from the closed circuit
spiral tests appeared flatter than expected and
the need to cut a high percentage weight to
concentrate to ensure a reasonably high
percentage heavy mineral recovery, with
associated lower concentrate heavy mineral
grades, seems to be explained by the high
percentage of trash "light heavy" minerals
present in the mineral suite.

A facility for heavy liquid analysis (TMF) may
be required for plant operations to ensure
maximum recovery of VM.

WET HIGH INTENSITY MAGNETIC SEPARATION (WHIMS)
TESTWORK

The scope of work for the Readings wet magnetic
separation testwork was to :

1. Determine the relationship for the weight to
magnetic/non-magnetic loss for a single WHIMS
stage.

2. Investigate a second WHIMS stage to determine

the feasibility of producing a clean
rutile/zircon mixed concentrate.

3. Recombine test products and process through
WHIMS using selected conditions. Return non-
magnetic product to Ammtec for dry plant
testwork.

The sample supplied had a heavy mineral content, as
determined by RMS using bromoform analysis, as
follows:
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A
| Product % Weight
y ‘
j‘! Sinks 80.76
| Floats 19.24
‘!J Total 100.00
!

7.1.

The RMS "in house" analysis of the heavy mineral gave
an ilmenite content of approximately 35% ilmenite.
For procedure see Appendix II.

Single Stage WHIMS Testwork

The following is a summary of the details of the
testwork provided by Readings Metallurgical
Services Pty Ltd.

The "as received" sample was split into six
portions with the portions being subjected to
WHIMS treatment at increasing magnetic field
strengths. This involved the removal of a
highly susceptible magnetic fraction first,
followed by WHIMS treatment. The results of the
six WHIMS tests are given in Table 7.

Metallurgical Analysis of WHIMS Magnetics

Each of the WHIMS magnetic fractions was
assessed for non-mag losses in the magnetics
using the RMS "in house"™ analysis technique with
the following results :

Field Strength Magnetics % Non-Mags
(Amps) % Weight in Magnetics

70 12.23 0,57

80 15.85 0.55

20 20.58 0.47

100 24.76 0.37

10 26.73 0.44

120 29.07 0.41

The objective of the WHIMS was to reject the
maximum weight of material to magnetics
consistent with low non-magnetic (ir rutile and
zircon) losses in the magnetics. This criteria
seems to have been met by the 120 Amp test and
consequently all single stage products were
recombined and repassed at 120 Amps pefore the
second stage testwork.
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It was also reported that the non-magnetics from
the six WHIMS passes contained between 20 and
30% quartz and further upgrading by spiral
concentration was required before further
testwork.

RMS Second stage Testwork (Three Options)

The first stage WHIMS non-magnetics were spiral
concentrated and the spiral middlings then
subjected to three options as to further
upgrading steps. Bromoform analysis results for
the spiral products are given below :

Product Weight HM HM

(Test 27) X x Dist %
Conc 29.40 93.05 54,76
Mid 27.98 66.81 37.42
Taijl 10.96 35.67 T7.82

Total 68.34 73.10 100.0

Note: Visual inspection of the tail heavy
mineral fractions showed that it
contained light heavy trash minerals.

Because of the limited weight of Test 27
middlings, it was decided by RMS that option 1,

-spiral testwork, be conducted first and product

splits be taken. The spiral products were then
split into two, to facilitate options 2 and 3.

Option 1

This involved taking the middling product and
retreating this flow on another spiral to make a
further reject tail and a concentrate to,
presumably, join the concentrate from Test 27.

Option 2

This involved the passing of test 27 middlings
over a WHIMS at 120 Amps, followed by the
retreatment of the non-magnetics over a wet
table. The use of a wet table was to simulate a
spiral as there was insufficient material to
conduct an actual spiral test.
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Option 3

This involved the passing of Test 27 middlings
over a WHIMS at 150 amps, followed by the
retreatment of the non-magnetics over a wet
table. Again the use of the wet table was to
simulate a spiral as there was insufficient
material to conduct an actual spiral test.

Samples of all outflows from the three options
were forwarded to Gold Coast Assay services for
TMF analysis so as to determine the distribution
of the various minerals. However, samples of
the spiral concentrate and spiral middling from
Test 27 were not forwarded so that an overall
balance for the WHIMS testwork is not available.

Second Stade Test Results

The general test procedure, and weight balance,
for the three options are illustrated by Figure
7. Detailed test data, TMF Analysis results for
the outflows, are given in Table 8.

Discussion

The first stage WHIMS testwork effectively
removed an appreciable percentage of the feed
weight (29%) with the loss of only O. 41% of non-
magnetics in the magnetics.

Examinations of the data for the second stage
WHIMS Options 2 and 3, Tests 32 and 33,
indicates a further recovery of magnetics of
4.74% and 6.22% weight respectively. However,
the apparent improved recovery of the >4.05,
<4.38 and the >4.38 non-magnetic fractions in
Tests 32 and 33 (Table 8) probably reflects the
difference in wet concentration table
performance Vs spiral performance rather than an
overall improvement due to the second stage of
WHIMS and probably indicates the need for wet
tables within the secondary circuit to treat
spiral middlings.

Also, the use of the second stage WHIMS is
unlikely to decrease the equipment units
required for the dry plant. ie HT Rolls and
induced roll magnetic machines.

i .

L

TR i L
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The preferred option seems to be a wide rotor
single stage WHIMS as this will allow an
increase in feed tonnage or allow the second
stage option to be installed at a later date
after operator confidence in the machine has
been established. '

It is assumed that RMS will discuss the merits
of a wide rotor Vs a normal width rotor in :
their report.

7.6. Disposal of WHIMS Products

The following products were returned to Ammtec :

Test 27 Conc
Test 27 Tail
Test 32 Mags
Test 34 Conc
Test 34 Tail
Test 33 Mags
Test 35 Conc
Test 35 Tail

The following samples from the treatment
flowsheet were not returned :

1. Low intensity magnet pass HS
2. Test 26 mags

3. Test 31 conc (part)

4. Test 31 tail (part)

The above samples were not returned for the
following reasons :

1. Highly susceptibles only

2. Retained by RMS for chrome differentiation
3. Test 31 conc sample split retained

4. Test 31 tail sample split retained

DRY PLANT TESTWORK

The total weight of material returned by RMS was 61 kg
and all material returned was attritioned for 10
minutes with the addition of 1 kg/tonne caustic soda.
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8.1. Laboratory Attritioning

A laboratory unit with an active volume of 5
litres was used for the testwork. The
attritioner has two four blade turbines and is
powered by a variable speed 0.75 kw motor.

After being discharged from the attritioner the
solids were deslimed by repeated washing and
decantation and then dried. The slime content
was determined as follows : :

Height (Xa) njuwh*
Feed = 61.0 | LRSS }
Deslimed Sand . 59.78
Weight Slime 1.25 = 2.0%
_ _ (
B.2.
The initial stage of high tension separation was ;
to split the feed into conductor and non- &,
conductor fractions. However, because the k2
material was being processed batchwise, and not
continuously as in plant operations, some
ilmenite and rutile were recovered from the non-
conductor circuit.

8.3. Ilmenite

Details of the test procedure for ilmenite
recovery are given in Figure 8.

A number of essentially ilmenite products were
produced, Samples 3/1, 3/2, 3/3 and 3/4.
Samples were not submitted for either analysis
or mineralogy.

8.4. Rutjile and Leucoxene

Details of the- test procedure are glven in
Figures 9 and 10.
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The conductor, after recovery of the ilmenite,

were further cleaned by electrostatic plate

cleaning and magnetic separation to remove the e
ilmenite/leucoxene (sample 3/7). //’
Sample 3/7 was screened at(%OOug)to remove

tourmaline and a sample submitted for analysis

with the following results (all data in %) :

Ti0,  Fex0s Feo 2ro, - Alpoy  Si0,

———

Sample 3726 75.7 1.5 1.30  0.10 - 2,63 - 2.50

indicating the need for additional high tension
cleaning. It was also reported, verbally by the
analyst, that the sample had a loss on ignition
of >4% and this does not seem to be explained by
any need for additional attritioning to remove
organic material.

After removal of the magnetic ilmenite/leucoxene
fraction, the non-magnetics were further cleaned
by electrostatic plate cleaning and then wet
tabled using the multi-product offtake to
produce 10 fractions. The dry products were
inspected and products 8-10, which may have
ontained some quartz, were reserved while
oducts 1-7 were composited for flotation to
remove sulphides.

The rutile product was riffle split to provide 2

lots for flotation and these were floated in
laboratory agitair cell using potassium amyl
xanthate as the collector with TEB added as a
frother. Typical flotation conditions were as
follows : -

' - The high Al,0; and S§i0, may be due to tourmaline

N Fead = 2000 grms

4 Natural pH = - 6.5 (Perth Tap Water)

( Collector (PAX) 100 g/t —> Condition 3 minutes

S TEB 10 drops —> Condition 2 minutes
o Flotation 3 min 30 secs .~

-
o

The tailings (rutile) were attritloned desllmed
and dried, concentrates (sulphides) were
'flltered and dried.

congiderable slime and, because of the problems
in obtaining a clean conductor product from the
electrostatic plate cleaning, the rutile product

] | ' | Flotation testing ‘indicated the presence of.
1
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was again attritioned with caustic soda to
remove slime before a final high tension roll
cleaning stage. Product analyses and sizing
data are given in Table 9.

Tin in Rutile

Literature relating to the previous plant
operations reported that tin in rutile was
controlled by a wet table operation with the top
cut from the wet table directed to a second wet
table to recover cassiterite and the rutile
returned to the circuit. This seems a
reasonable approach because of the variation in
specific gravity for the two minerals, 6.8 - 7.1
for cassiterite compared with 4.2 for rutile.

" Small samples (10 grams each) were takeh from

the first seven products from the top of the
table, before the preparation of the composite
sample, and submitted for Sn0O, analysis.
Analytical results and the distribution of Sno,
in the table products are given in Table 10.

Zircon

The non-conductor, non-magnetic fraction from
the zircon circuit (Figure 11) was wet tabled
using a multi-product offtake to remove some
silica as an elutriator was not available to
remove fine quartz from the non-conductor
product.

The wet table results follow :

Product Weight Weight HM
(9 (%) %)

Conc 1 178.9 0.9

Conc 2 735.9 3.6

Conc 3 1353.6 6.6

Conc 4 1795.7 8.7

Conc 5 1797.9 8.7

Conc 6 1367.9 &.7 97.9

Conc 7 2314.5 11.2 50.3

Conc 8 2254.0 10.9 ———

Mid 4473.1 21,7 p— 7.0

Tail 432B.5 21.0 ———J

Total 20600.0 100¢.0
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The dry products were visually examined and the
high quartz products, Conc 8, mid and tailing,
which represented 53.6 of the feed weight to the
table and contained 7.0% HM, were excluded from
the composite.

Insufficient product was available for air table
testwork to remove quartz and alumina from the
zircon product and, because of a need to recover
a reasonable quantity of zircon product the
guartz was removed from concentrates 6 and 7 by
heavy liquid separation before the sinks were
composited with concentrates 1 - 5.

The composite sample was then attritioned and
magnetically cleaned before the non-magnetics
(Sample 3/22) were submitted for analysis.

These results and the particle sizing
distribution for the product (3/22) are given in
Table 11.

The zircon product was offgrade with respect to
TiO, (1.94%), Alumina (4.0%) and free quartz
(2.5%) and these figures explain the low
percentage 2r0, in the sample (58.8%).

The product (3/22) was then further cleaned
using both electrostatic plates and high tension
rolls to remove the TiO, bearing material, see
Figure 12.

The only practical means of removing both quartz
and alumina from the product was by heavy liquid
separation, and after removal of the guartz
using TBE (SG = 2.96) the TiO, and Fe,0; for
sample 3/24 were determined to be 0.17 and 0.06%
respectively.

The sinks from 3/24 were then forwarded for TMF
separation at SG = 3.85 to remove the alumina
and to recover a zircon sample for detailed
chemical analysis as required by the client.

Heavy liquid separation data are given below :

Weight Weight

(g9 (X)
<2.96 1.1 1.7
<2.96 <3.85 1.1 1.7
»3.85 63.5 96.6
65.7 100.0
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A detailed chemical analysis of the sink product
is given in Table 12,

B.7. Mineralogy

Only a limited number of dry plant products were
submitted for modal analysis and these data are
given in Table 13.

9. RECOVERY OF SELECTED MINERALS

9.1. Rutile and Zircon

Dry plant outflows with their rutile and zircon
content, based on assumed figures for ilmenite,
modal analyses and visual estimates using a
binocular microscope are given in Tables 14 and
15 for rutile and zircon respectively.

Comparative product weights based on the
concentrate forwarded to RMS and the dry plant
products and cutflows are given below :

Weight (kg)

Rutile Zircon

Conc to RMS 11.61 9.26
Dry Plant Testwork 11.6 16.8

Rutile and zircon loss in dry plant ilmenite is
minor and is about 0.1% of the total input.
Most of the intermediate products; eg non-
conductors in the rutile circuit really
represent recirculating material and not actual
losses.

Non-conductor wet table losses are also minor,
trace for rutile and 0.3% for zircon, but these
figures probably do not reflect the actual
losses which would be experienced in plant
operation.

Considering the worst case scenario, from RMS
Option 1, retreatment of the spiral middlings,
the retreat spiral tailing is 13.46% of the feed
weight and contains 3.2% rutile and 1.75% zircon
(assuming the non-mag >4.05 <4.38 fraction is
rutile and the >4.38 fraction is zircon).
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The rutile and zircon loss to tailings are
determined to be :

Rutile
Zircon

98.0 x 0.1346 x 0.032 = 0.422 kg
98.0 x 0.1346 x 0.0175 = 0.231 kg

The overall rutile balance is given by :

Meight Height

(kg) X
Primary Wet Tailings 0.460 3.8
WHIMS Magnetics 0.064 0.5
Option 2 Spiral Tailing 0.422 3.5
. Dry Plant 1lmenite 0.016 0.1
Product and Recirculating Cond 11.130 92.1
h Tatal P 12.092 100.0 ~
7 \‘((—'0 ;‘\l/'/A\'
The overallAbalance is given by : ' . /F
wWeight Weight }
(kg) {%)
l Primary Wet Tailings 0.260 2.3
WHIMS Magnetics 0.062 0.6
Option 2 Spiral Tailing 0.231 2.1
bry Plant Ilmenite 0.016 0.1
Product and Recirculating Cond 10.601 94.5
Total 1.7 100.0
]l 9.2. Ilmenite and Leucoxene

-

According to modal analyses (by Analabs) the
percentage of these minerals were :

%
Ilmenite 3.4 —
Alt Ilmenite 32.1 I 220
LeucoXene 11.3

Therefore: the weight of ilmenite/alt ilmenite
in the concentrate forwarded to RMS is :

79.5 x 0.355 = 28.2

s BE BN B B B
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WHIMS ilmenite recovery was :

93 x 0.315 = 29.3 kg
Recovered from dry

plant testwork (3/1-3/4) = 5.4
Total ilmenite = 34.7 kg (+6.5 kq)

Leucoxene (offgrade) screened was only 1.8 kg,
hence it seems possible that some of the
material reported as leucoxene may have been

- recovered as ilmenite/altered ilmenite.

Tourmaline

The estimated tourmaline input to the dry plant,
based on the concentrate to RMS, was only 3.50
kg and this was low compared with the 15.84 kg
from the wet plant data.

The weight of tourmaline in two dry plant
products is determined below :

Product Sample Weight Tourmaline
No. kg % Mt (:;)
N/C Magnetics 3/8 8649:; 5;?; -:;j;;
N/C Conductors 3/11 6280.3 20.4 1.28
6ot

The N/C magnetics may be a discard fraction but
the N/C cond require further treatment to
discard the tourmaline, possibly electrostatic
plates before a fraction is returned to the
secondary wet plant.

AN ESTIMATE OF PLANT RUTILE AND ZIRCON RECOVERY

1.

The testwork rutile and zircon recovery figures are
probably too high for an operating plant for the
following reasons :

Heavy mineral concentration was only 81% HM
whereas at least 90% is probably required as
feed to an elutriator. '
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A considerable quantity of tourmaline and other
aluminium silicates entered the non-conductor
circuit; eg 4% Al,0; in zircon which would be
required to be discarded through the secondary
wet circuit.

Wet magnetic testwork was conducted under ideal
laboratory conditions and with clean plate
boxes. Losses will increase if plate boxes
become affected by scale build-up etc.

More realistic losses may be :

2
Primary Wet Plant 6
WHIMS 2
Secondary Wet Plant 6
Dry Plant, Windage etc. 1
Estimated overall loss 15
Expected recovery 85
Total 100

MISCELIANEQUS TESTS

11.1.

11.2.

Head sample (Heavy Mineral)

Following a request from the client, a sample of
the head feed heavy mineral was submitted for
gold and tantalum analyses. Data are given
below :

PP

I )

Gold 0.020 0.074
Ta 70

sn 198

Radiocactivity

As previously reported in Ammtec report A2046,
thorium and uranium analyses for selected
samples were determined to be :
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Product Sample No.
Bulk Spiral Tailing i
Ilmenite (1) 19
Rutile (2} — _..a0
No 1 N/C IRM Mags (10) 21
HM Ex HN Conc 22

542165

ppm

Th U
1.96 0.41
13.50 2.85
. _10.50 _15.80
- 765 52.80
139 17.70

The above materials would not be classed as
radioactive substances with the ilmenite and

rutile clean products.

The TIRM mags,

in which the monazite has been
concentrated, would require some management;

ie

should not be dumped and used for building

landfill.

Lanherne Deposit — Indicated Resources

A request was received from the client for a
comparison to be made between the percentage
rutile and zircon in heavy mineral from the
preliminary drill hole bulk sample (Ammtec
Report A2046) with the figures given in the
Peter H. Stilt & Associates Pty Ltd report No.
20/88 on the Evaluation of Mineral Sand
Resources at Naracoopa, King Island.

The Lanherne Beach indicated resource from the
above report is 156000 tonnes of heavy mineral
containing 11300 tonnes of rutile and 14000
tonnes of zircon, or 7.2% rutile and 9.0% zircon

in heavy mineral.

It would be a major investigation to determine
the rutile and zircon for all outflow from the
However, considering
the final products only and the dry plant feed
heavy mineral the percentage rutile and zirco

testwork for Job AZ2046.

are determined below :

Product Weight
(kg)
Feed 42.08
Rutijle 4.014
Zircon 4.129

% Dry Plant Feed
HM

?.5
9.8
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These figures compare favorably with the Peter
H. stilt report and indicate that the report
figures are not overly optimistic.

12. DISCUSSION

12.1.

12.2.

Calculating Mineral Recovery

The procedﬁré adopted for“the determination of
mineral recovery, modal analysis and weights of
products, is probably not high and improved

values could be obtained if it were possible to~ =~

use heavy liquid separation at different SG's
(TMF separations). However, following the
closure of the only commercial laboratory in
Western Australia performing such analyses, the
number of samples which can be tested is
limited.

Rutile and Zircon in Bulk Sample Heavy Mineral

The percentage rutile and zircon determined for
line 1400N, and the bulk sample as determined by
two different procedures are given below :

Percentage

Rutile Zircon

Line 1400N - Modal analysis 9 12
Bulk Ssmple - Modal enalysis 12.1 . 8.5
Bulk Sample - Test Results 8.7 8
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TABLE 1 '
TEST DATA FOR CLOSED CIRCUIT ROUGHER SPIRAL TESTWORK
A2094/0% MDL WG5S 7T 03/89  33A:AZ094 Nat Min Sands Rougher AZ094/01 NOL MBS 7T 03/8%  I3A:A20%4
Wet  Bucket Slurry  Dry i Solids  tgh  Prod,  MWeight & 1 HM Hi  HM Dist.
Weight - Weight HH % {Tannes) Units %
Cone, 2046 MY 1699 1130.0 1175 46,51 0.48 Conc, 38,57  IL75 454,40 B2 14
fid. 1241 bl LY 1 .68 0,57 0,30 Mid, 23.79 .60 63,75 11,53
Tail a1l 12 3259  1096.9 0.93 .- - - -—
7943 2922.0 58,00 0.78 C+ M 2.4 8.30 518,13 9%.49
20,84 0.47 Tail 37.54 0.93 34,91 6,31
36,79 .25 Calc. £ 100,00 Jed3 353.06 190,00
AZ094/02 MDL MET 7T 03/89  IJA:A2094 Nat Min Sands Rougher #2094/02 WDL MG3 7T 03/8%  IJAIAZ0%4
Prod. Wet Bucket Slurry Dry % Solids  tph Prod. deight 2 % HM HM  HM Bist,
deight Neight M X {Tonnes! dnits 4
Corc. 2114 347 1767 1230.2 15,98 49,82 .53 Canc. 29,80 15,08 49,55 80.17
Hid, 1238 274 %2 680.3 165 16,74 2,29 Hid, 16.4% Led 6019 107D
Tail {02e0 912 9768 2216.0 195 - -—-- ———= -=-
12497 41287 70,0t 2.82 L+ 46,30 1100 509.74 9090
22,69 1,95 Tail 3.7 0,95 5101 .10
3302 1,77 Eale, 7 100,00 .61 360,75 100,00
r2094703 ADL MBS 7T ib3/89  J3R:A2094 Hat Min Sands Iougher A2074/05 MDL MG 7T 63789 33ALAZ054
Frod, det  Bucket Slurry  dry T Solids  iph Prod. Weight 4 L WM HA  HM Dist.
Height deight ) I {Tannes! Units %
Conc, 2447 ST 2100 1447.1 12,18 59.37 0,453 Cenc. .04 12,18 499,32 90,03
Rid. 205 274 1774 1289.1 L3B TLeT $.3% Nid. 35,06 1.2 19,74 B.%4
Tail 3710 512 2398 3199 0.24 - B bbb - -
77 3575.3 71,135 [.18 C+M 77.09 i3 49,59 9.0l
978 2,35 Tail 229 0,24 S.30 0,79
29,13 1,23 Calc. F 100.00 .50 393,09 100.00
A2094703 NOL #GT 7T 03/8%  J3A1AZ2094 Nat Min Sands Rougher A2094/04 MDL MET 7 03/89  3JA:AZ094
Prod. Met Ducket Slurry  Dry L Sotids  tph Prod.  Weight % L 4ff HM  H# Dist.
¥eight Height {11 A {Tonnes) Units L
Canc. 2343 MY W06 1395.9 13,91 49.24 0.40 Cenc ol 15521 §743.2 87,78
Hid. 2448 74 272 1538.0 1.2 7173 .47 Mid 37.26 1.5 83,40 L
Tail 16388 12 9ETE 101NE 02T e e
14054 3958.3 70,53 1,27 £+ M 75,43 ERC I 10 R L
10.27 .43 Tail 23.37 .27 4.70 1.24
28.22 L0 Calo, F OO L00L0D LA G457 100,00
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TABLE 1 - Continued

A2094/03 NDL HGS 77 03/89  33A:AZ2094 Nat Min Sands Rougher A2074/03 MDL 65 7T 03/89  I3A:AZ094
Prad. Wet  Bucket Slurry Dry % Solids  tph  Prod.  Weight T % AN Ht  HH Dist.
Height Weight Li (Tonnes) Units L
fone. 2046 7 1699 i7A2 0 1374 89,03 0.5G Canc. 3313 13.9% 461,94 BL.00
Hid. toel 274 B0 J44.4 3.0 87.90 0.23 Mid. 15,40 .02 4450 B.34
Tail 10534 312 1917 18Z27.4 0.48 - -—-
12523 J550.2 48. B 0,74 T+ 48,33 10,48 I03.34  93.%h
18.24 2.78 Tail al. 87 0,68 35,09 2.4
28.33 .22 falc. F o 100.0G0 543 34334 00,00
AZ094/06 HDL MBI 7T 01/8%  I3A:A2094 Nat Min Jangs Rougher A2094/04 MDL MG3 7T 13/89  J3R1AZ094
Prod. set  Bucket  Slurry  Ory 1 Salids tah  Prod. Weignt % % HA HH HM Dist,
Height $eight H {Tonnes) Units A
Canc, 1247 7 ey  aBLY 12,45 4.0 .29 Lenc. 17,33 22,85 389.15  15.57
Aid, FE7 274 L BR4.2 1.49 49,51 2,21 Mid, 12.36 §,49  Zh.AD L0.9E
Tail 12400 312 tiesg  275a.2 L - - ----
13597 39344 43.7 0,50 L+ 29,90 I4.90 245,57 3.2
%2 £i8 Tail T80 .99 A0 1L H
28,73 1.4% lalel F 06,00 AT I04.96 106,00
AZG98/67 WBL W63 T A2/8%  T3AIATNIL Nal Min Sands Rougher A2094,97 ML M55 77 03/BF 33AA209%4
wet  Bucket Slurry  Dry i &olids  toh Prad. jeight & 1 A KM HA Dist.
weight Weight HH & {Tannes) dnits A
fone. {27 7 1180 BiLLé 19,03 48,72 0,33 Cone. 2085 19,05 42T 7782
Mid. L8B3 74 1609 10,8 2.9 Ti.5 0.49 Miz. | 2,99 72,64 17.2
Tail ER LN 512 30 17513 9,58 - - ———— e m oo o
12239 342 70,35 .88 D+ M 2,34 7,63 S0B.91 94,90
18,56 0,75 Tail .l 0.58  27.34 3.1
30,30 1,89 Lale, £ 106,00 Gedd I36.26  HOO.00
AZ094/08 MLL 63 77 D3/89 6382094 Nai Mia Sands Rougher 2094708 NOL MBS 7T 03/89  IIRLA2074
frod. Ket  Bucket Slurry Dry % Solids  tph Pred.  Weight 1 % HM HN  HM Dist.
Height deight HH 3 {Tannesi Units 1
Conc. 1908 347 135 1081.0 1478 59,24 9.46 Taonc, 29,92 15,70 442,33 §2.93
itid. 245 274 952 47R. L 1003 0,29 Mid, 18.79 LA /I Tl S 1
Tail 10196 312 678 18523 .48 mmmmmmmmemmm-ueas ---- -
£2201 38119 £9.74 0.7 L+ N t3,72 10,23 506,39 %3.EG
19.13 0.79 Tail 52 D.bd J2.82 5.15
.48 1,59 Cale. 0 1ODLEC 3.3 535.41 0 0.0

0 o e e e e e e O L
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TABLE 1 - Gontinued
A2694/09 MDL G5 77 03/89 3RiA2094 Mat Min Sands Rowgher ~ A2094/09 WOL MBS 71 03/87  J3A:R2094
Wet  Bucket Slurry Dry 1 Solids  tph  Prod.  Weight ¥ X WM HM  HN Bist,
Height Weight HY X {Tonnes) ~Units 1
Conc. 1709 SN 1362 9488 15,38 &9.74 0.41 Conc. 2,60 15,78 424.48 BO.b4
flid. 1444 274 11688 B820.4 38 0.2 0.35 Mid. 23.44 .23 7702 14.b4
Tail 9832 al2 9240 1871.0 0.51 - - ~-
HETh 34414 49.98 0,76 [+ 51.44 9.73  50L30 95,29
17.89 .72 Tail 43.56 0,51 24,74 [P
28,99 1,47 Lale. F o 100.00 3.26 326,26 100,00
A2094/10 MOL MBS 7T 03789 J3A:A2094 Nat Min Sands Rougher AZ094/ 10 ACL HGS 7T 03/89  IJA:AZ094
Pred. Wet  Bucket  Elurry  Dry L Solids tph  Pred. Weight 2 X HHM HH Hn Dist.
Height Weight i {Tannes} Urits 1
Conc, 2197 MY 185¢ 12766  13.39  4R.0L 0.33 Conc. 13.89 1359 460.60  B7.0%
Mid, 1454 215 1178 B838.5 .13 71.19 0.36 nid, 2.26 .10 41.86 .05
Tail 7981 a2 F449 14515 0.47 e
12497 376b.6 &9.33 .91 L+ 56.13 9.5 S0B.46 94,10
17,44 2,71 Tail 43,95 D47 2041 7.9
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TABLE 2
IRCUIT CLEANER SPIRAL TESTWORK

542171

A2094/11 MDL NGS5 7T 1704789 Z401A2077 Mat Min Sands Cleaner A2094/10 HOL MGS 7T 7/04/89 34R142077
Wet  Bucket Slurry  Dry i Solids  tph  Prod. Weight & 4 M HM  H¥ Dist,
Height Height M % (Tennes) Units S
Conc. 1310 390 U0 7046 4615 &5, 23 0.31 Canc. 16.84 44,15 776,98 62T
Hid. 1475 80 1% 1.5 14,87 .39 0,33 Mid, 17,90 487 2471 1,32
Tail 16853 512 10341  2836.4 e e - s
12657 4339.3 54,90 .64 L +H 34,44 30.07 104169 83.B9
27.43 1,22 Tail [ .06 20000 el
#2 1.84 Calc. £ 100,00 12,42 1241.70 106,00
A2094712 MLL MG3 77 1104789 T4A:AZ077 Nat Min Sands Cleaner R2098/12 MDL 063 TT 7704789 J4R:AZ077
Prod. Net  Fucket Slurry  Dry % Solids  tph  Prod.  Weight 7 1 MM B B Dist,
Height Weight HH A {Tonnes! Units i
Zanc. 223 390 1868 1223.3 36,1 bb.D2 0.53 Canc 18.92 Zh.10 L0452 712
1id, 1439 280 115 7784 .15 5699 8,33 #id, 8,14 7015 183,99 132
Tail 9445 il2 8933 2270.! 2,86 mmemmmmmeeme e e
1760 4279.3 56,3 .36 C+1 $6.96 5,67 120A28 39.53
2.4 2,97 Tail S3.04 .00 ALOY 4T
33.73 LB3 Calo, FOW0.30 L34 1MTIT 100,00
AZ054713 MDL MBS 7T TI04789 J4RAZ0TT Nat dis Zands Cleaner ATNP4/13 MDL 863 7T 708789 JAB207T
#et  Bucket Slurry  Iry # Boiids  tph Prod. Weight © 1 HM by dist,
Weight weight M % !Tannes) tmitg i
Sonc. 793 350 2403 ta0h.7 .36 ERLET G.49 Conc G 29,54 lE7R4y 0 9277
Nid, 123 280 ¥i6 A27.7 4,47 45,46 .27 Rid. 14.2 5,87 9.5 7.51
Tail 7475 al2 geed  2184.1 R it e i
12327 4420.7 66,33 3% L+ 50,58 2519 17244 36,29
28,3 1,94 Tail 49.45 2,53 lzhab 7.7
35.87 1,89 falc, F 100,00 12,98 129B.1%4 100,00
A2094/14 ML HES 7T 7/04/8%  Z3A:A2077 Nai Min Sands Cleaner R20%4/14 MDL MBS 7T TI04/89  34R:AZOTY
Frod, Wet  Bucket Slurry Dry % Solids  tph Prod.  deight 1 % WM 1 HM Dist.
seight Height 1 {Tannes! Units 1
Cang. 22 390 432 1635.7 2596 4T.Z% .70 Conc. 48.48 25,96 (263,30 91,23
1id. 1337 280 1937 497.3 j.8]  hb.02 0.30 #id. ma7 .11 B3 .01
Tatl 4082 512 3970 1028.9 0 ot
a7 3350.9 b, 57 0o Doe 89.36 1939 1347.11 9724
13.42 .44 Tail J0.54 .28 3318 .74
37.08 1,44 Calc. F O i00.0C 13,83 1365.2%  100.00

AT TR T T
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TABLE 2 - Continued
A2094715 MDL MBS 7T 7104789 3J4A:AZ077 Nat Mir Sands Cleaner A2094/15 ADL MBI 7T 1/08/07  34R:A2077

Net  Bucket Slurry Dry % Solids  tph Prod,  MWeight £ X WM HM BN Dist.
Weight Weight HE X (Tonnes) Units 1
Conc. 2143 370 1775 198.5 29.31  47.32 0.31 Canc, 39.96  29.31 1171.13  9B.48
Mid. 1841 280 1581 1044.4 .95 48,20 0.4 Mid, 35.49 3.53  12b.00 7.3
Tail 4940 512 4448  736.4 .96 -- -
7784 2999.3 47,84 0.97 L+ 7545 .19 197,13 %B.2
16,54 0.32 Tail 24.33 0.,% 2337 1,74
38,33 1.29 Cale. F 100.00 13,21 1320.70  100.09
A20%4/14 MDL AGS 7T 7104189 D4A:A2077 Nat Min Sands Lleansr A2094/14 MDL NG5 7 7/08/89  J4A142077
Prod. wet  Bucket Skurry Dry % Solids  tph Prod.  Height L % Ht HM - HM Dist,
Reight Height HH % {Tannes} , Units 4
Conc. 144 390 1234 863.3  37.57  tB.5H 0.37 Conc. 22.64 3157 BS0.44  70.43
fid, 1375 280 111$ 738,83 {2.03 b6, 2% 0.32 Mid, 19.36 12,03 23291 19.29
Tail 8277 Hz TS 2213.4 .14 - -

10134 J84.0 &7, 43 Dby D+ 32,00 25,80 1083.1% 89.72

28,50 1.9 Tail 38.00 2.4 124,13 10,22

37,64 .64 Lalc, F 100000 12,07 1207.88 100,00

_________________________________________________________________ - -_——
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TABLE 3.-— .
TEST DATA FOR CLOSED CIRGCUIT  CLEANER-SPIRAL TESTWORK
—

R2094/17 MDL W63 7T

21/04/59 3AMA2077 Nat Min Sands Scavenger A2094/17 MDL MGS 7T

542173

21/0478% 33R1A20TT

Het  Bucket Slurry  Dry 1 Salids  tph  Prod, deight = L BN HY  HM Disi.
deight Neight WM i (Tannes) Units %
fant. 940 394 a7 352.8 6,77 61.89 0.15 Canc. 14,20 877 IS 6.7
mid, 845 280 65 34U 45 4b. 21 .16 Hid. 15.%4 2,43 90 1292
Tail 7703 312 nyy 1782 1.02 - -
8128 Z484.1 4.04 .3 L+H 2%.2 4,55 13505 a4l
28,43 H.73 Tail 10.7% 1,03 7.8 3519
29.83 106 Cale. F 100,00 2,06 205.91  100.00
2094/ DL MG TT 21704789 J4R:A2077 Nat Min Sands Scavenger A2094/18 MDL NGBS 77 ZL/0413% 3ARIA207T
Frod. det  Bucket Slurry lry % Solids  tpgh Prad.  Helght % 7 HM oM HH Dist,
deight Reight an i {Fannes! Units %
Canc, 969 390 399 3758 1,47 82, .1k Canc. .87 7,42 BB.0B 4444
Hid, 132 28D 432 456.2 RIL T 0,20 nid. 14,42 7B e 20,23
Tail 9394 912 goas 2334 I ittt --- -
1335 31631 56,48 0,ja C+n 25.09 1,37 1I8.18 A4.E7
25. b6 1,00 Tail P ST TG R3S
oot 1,30 Lalo, 7 1P 0 1.8 198,20 0G0

42004717 DL MGS 7T 2104787 33R1A24877 et Min Zands Scavenger

N20%4,1% MDL #6S 7T

I1/04737 ZAAAZ077

det  ducket Slurry  Dry 1 Selias  tgph Prod. Weight 1 1 HH WM AN Dist.
Neight deight A {Taanesi Units i
o 1272 390 834 a4, 5,25 43,48 0,23 Lonc, 15,41 5.2 3L.27  E0.04
Nid. 1241 260 0Bl 7481 2,45 eR.20 .32 #ic. 250 2,43 LYl 6.7
Tail 0732 512 19220 22808 e —e-eee- LR
12133 35447 7.5 0,33 C+H 16,31 L0517, 769
22.m 0.96 Tail £3.49 0,70 2444 25,09
2%.21 LoaZ2 Calca F O 100,00 1.92 (92,44 100,20
R2G94/20 MDL WGI 7T 21/04/89 340:R2077 Nat Mim Sands Scaveager AZO74/20 MDL ME3 7T 21/03/8% J4A: 42077
Prod. ¥et  Bucket Slwry Dry L Solids  tph  Prod.  Weight X X HM Hh HM Dist,
Weight Weight He L (Tonnes) Units )
ene. 1757 390 1357 3137 5.5 47,33 .39 Canc. 24,34 4,85 112,43 &L12
#i4. 1438 280 1178 23.4 200 89,90 0.35 Hid 2T.04 .04 ST 5.1
fail 10192 12 2580 1998.4 9,37t e oo
12215 1735.5 £B,32 L S 34,3 T,01 16340 BAZY
20.54 .86 Tail 5350 2,57 N LA
.38 L&D Sale, FOOif0L00 194 194,09 100.00

Froyeeyrs
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TABLE 3 - Continued
RI074/21 RIL Mo5 7T 21704785 JRA;AZ077  Rat Mim 3ands Scavenger A2094/20 MDL MBS 7T 21704785 J4A: 62077
Ket  bucket  Siurry  Lry % Solids  tph Proo.  Weight B X% HE Ht WM Dist.
W=ight Keight BE 1 {Tonnes) Units 3
Lonc. 2108 370 718 1B 432 8311 f.48 Conc. 30.57 4,32 132,08 &B.5¢
Hid. 1340 280 1060 728.! LIG 48,69 .31 Mic, 19,90 .70 33,83 17.%6
fail 1099k 212 ®586 1B12.0 .54 B i bt
12364 3367 b5 4a 6,79 C+h 0,47 3,29 ME5.91 0 B.12
18.%0 0.7B Tail 49,53 0.4 26,74 13.88
2%.35 1,87 Caleo F O L00L00 193 19265 100,00
A2094/22 WIL MES 77 21704789 344142077 Mat Mirn Sands Scavenger A2094/22 MEL MBS 7T 21/04/8% JAA: 62077
Prog. ket  Buckst  Blurry  Dry » Sotigs  tph  Prod. weight & & Hi HY  HM Dist,
keight Waight 4/ (Tonnes} Units b
Lanc. 1996 390 i66  10B2.7 .45 AL 0,46 Cone, 2.3 £.43  J21.32  AL.03
Kid. 1427 280 1147 B4 18T 16,28 .35 RKid, 20,33 L83 7.20 1E.99
Tail RESE 512 9138 20Tt L7l mmmmmmmmmmmm e e
L2091 3RS 4, 67 a8 L +M 47,63 L33 w72 BLe
] 7.8% Tail AR 7 318 E.9E
3,80 1,70 Cajz. F 0G0 L9 1R5.90 168,00
E209L/27 MBL RED 7T 21705785 346282977 Nat Mirn Sande Grevenger A2094/25 REL MBS 7T 21/D4/8% iR 82077
Ket  Burket Slurry  Dry % Goliee tph Froc. Reight % 1 HW HE B Tist.
wzight Weight Hn g {Tonnes) Units [
cane, 1443 350 1033 7e5.4 &.08 TLED 0,37 Conz, 19,07 £.0B  NE.R2 0 ZB.49
Kig. 1383 287 LI B%4LE 04 22,42 .30 Mid. . L0 350 17.72
Tail £1289 512 0777 2973 G7h e
12935 4015.5 67,54 003 Ltk 36.28 £,16 L5108 78.2¢
23.86 110 Tail 63.72 0.7 &7.1 AL
2517 1.73 Calc. F 10000 1.98  19E.1% 100,00
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TABLE &
MINERALOGICAL ASSESSMENT OF LINE 1400N

[Applied Petrographic Services]

2400 0 - 92.5m 3204 0 - 5.5m

260W o - 7.5m 240W 0 - 3.5m

2804 0 - 7.5m 360M ¢ - 1.5m

300 0 - 7.5m
I T T T T T T 1
l | Total | Hand | 0.5A | 0.9a | 1.2a | 1.2a |
| | | Mags | Mags | Mags | HMags | Non Mags
| I + I ! 1 I I
| | | | | | | |
| Magnetite | <1 | 100 | - [ - i - [ - |
| Iimenite ] 21 | - | 98 | 56 | = - |
| Leucoxene, Ilmenite | f/9/) | - | - | 15 | 14 | - |
| Iron Oxides | <1 | - | 1 | <1 | - i - |
| Cchromite T R I TP Y B
| Garnet | 4. ] - [ 1 | 13 | - [ - |
| Tourmaline | “ar ) | - ] - | 11 | 71 | 8 |
| Staurolite | L 2 | 2 | -
| Epidote R T
| Rock Fragments | - | - | - [ - | - - |
| Alumino-Silicates | 3 | - | - | - | - ] 9 |
| Other Silicates [ ; | - | - | - | -] - |
| Rutile | n\-;) I - 1 - 1 - 1 <« 2
| Leucoxene | i - | - | - | - 18 |
|  Zircen | <127 | - | - | - | - 33|
| ouartz G
| Pyrite |72 1 - 1 - 1 - 1 11 5 |
[ Corundum | < | - | - | - | -] <1 |
| spinet I N I I I R
| Apatite I T T T T P
| Monazite | <1 | - | - | - | - <1 |
| Scheelite ] <1 | - | - | - | - <1 |
| Cassiterite | - | - | - | - | = - |
| | | | I | | |
1 } I I t l t 1
| Weight (g) | 11.1138 | 0.0054 | 0.5368 | 3.2489 | 3.2603 | 4.0624 |
I % | 100 | 0.1 | 4.8 | 29.2 | 29.3 | 36.6 |
| No. of Points | | | 516 | 5064 | 568 | 668
L ! 1 1 1 L L i

1
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IABLE 6
WET CONCENTRATION - RECOVERY OF SELECTED HEAVY MINERALS

T T T T |
| Product | weight | Percentage | Weight, Kg |
! HM | ! T T T —4 T T T i
| btk 1 % ]z | v | v | r ] z ] v 1 T ]
I 1 l I ] | 1 ] ! 1 |
| 1 T | 1 | 1 I T 1 1
| Feed | 139.7 | 12.1 | 85 | 9.9 | 25.7 | 16.90 | 11.87 | 13.80 | 35.90 |
I | | | | | | | | J |
[ Rougher Tail [ 13.1 l 0.4 ! 0.3 l 13.7 ! 28.4 ! 0.05 | 0.04 ! 1.79 1 3.72 ‘
] Cleaner Tail f 13.5 | 1.1 I 0.7 | 8.0 I 42.5 I 0,15 | 0.0%9 | 1.08 | 5.74 [
| Recleaner Tail | 8.8 | 2.4 | 1.5 | 95 | 45.4 | 0.21 | 0.13 | 0.8 | 4.00 |
| Table Mid | 9.1 | 0.4 | - | 8.4 | 66.1 | 0.04 | - | 0.76 | 6.02 |
| Table Tail | 0.8 I 1.1 - | 8.2 | 7v2.7 | o0.01 | - | o0.07 | o0.58 |
! | I | | ] | | | | I
I i L ] 1 1 1 1 l l 1
| T J I T 1
| I | | | |
| Total in Tailings | 0.46 | 0.26 | 4.54 | 20.06 |
} ] | I | |
| Recovery to Concentrate | ¢7.3 | 97.8 | 67.1 | 44.1 |
f { | | | I
| calculated Weight te Concentrate | t6.44 | 11.61 | 9.26 | 15.84 |
Er 1 ] 1 1 1 I| II I| II %
| | I | | I | I f f |
| conc to RMS | 79.5 I 1.3 | 1.9 | 1.3 | 4.4 | 11.38 | 9.46 | 8.93 | 3.50 |
| | I | I J | | | I [
1 ] ] ] 1 i ] 1 1 1 J

R = Rutile

Z = Zircon

L = Leucoxene

T = Tourmaline



JABLE 7

JEST DATA - SINGLE STAGE WHIMS TESTWORK

!
Lo

1. Test Conditions 70 AMPS (Test 10)

r T 1
| Product | Wt % |
L I |
{ 1 |
| H/S | 0.15 |
| Mags | 12.23 |
| N/Mags | B7.62 |
| I I
{ 1 i
|  TOTAL | 100.00 |
{ 1 I
2. Test Conditions 80 AMPS (Test 11)

[ T 1
| Product | Wt % |
1 | |
f ] 1
| /s | 0.16 |
| Mags | 15.85 |
| N/Mags | 83.99 |
{ l I
f ] i
| ToTAL | 100.00 |
{ 1 |
3. Test Conditions 90 AMPS (Test 12)

f T 1
| Product | %Wt |
L l |
| 1 |
[ /s | 0.14 |
| Mags | 20.58 {
| N/Mags | 79.28 ]
i I |
: 1 1
|  ToTAL | 100.00 |
L | }

542178

4. Test Conditions 100 AMPS (Test 13)

; T ]
| Product | Wt % |
L H f
f I ]
i H/S | 0.18 |
} Mags | 24.76 |
i N/Mags i 75.06 |
I ! |
f 1 ]
| TOTAL | 100.00 |
L 1 J
5. Test Conditions 110 AMPS (Test 14)

f y |
| Product | Wt X |
t I |
[ i 1
b WS i 0.14 |
| Mags | 26.73 |
i N/Mags | 73.13 |
1 | 1
i 1 1
|  TOTAL | 100.00 |
1 1 |
6. Test Conditions 120 AMPS (Test 15)

I T 1
| Product | Wt % |
l 1 |
I i 1
| /s i 0.16 |
| Mags | 29.07 |
| N/Mags | 70.77

| i |
| TOTAL | 100.00 i
1 L }
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TABLE 8
DETAILED TEST RESULTS FOR SECOND STAGE WHIMS TESTWORK
[ 1 I ! T 1 1
| Product | Wt¥% | | Assay % | | Distribution % |
| | I t T — s T i
| | | Quartz | N/Mags | Mags | Quartz | N/Mags | Mags |
| | | t + 1 I i I
| | | | »>2.85 >3.79 >4.05 | »2.85 >3.85 >4.05 | | >2.85 >3.79  »4.05 | >2.85 >3.85 >4.05 [
>4.38 4.38 4.38 : .
; | | | <3.79  <4.05 <4.38 | <3.85 <4.05 <438 70| | 379 <6.05 <6.38 0% | a5 .05 <438 3|
F I I : I t : ] I
| I I | | Y |
I I | I | | |
| | | GRAVITY ONLY OPTION 1 | | | |
| Test 31 | | | I | I
| | ] | | I |
| Conc | 14.52 | 26.96  9.13  3.45 7.32  3.57 | 45.01  2.03 2.33  0.20| 43.01 53.47 60.99 71.16 68B.75| 54.74 36.37 63.26 60.67 |
l Tail | 13.46 | 38.53  8.57 2.38  3.20 1.75 | 40.14  3.83 1.46  0.14| 56.99 46.53 39.01 28.84 31.25| 45.26 63.63 36.74 39.33 |,
! + I I I 1 1o
| Total | 27.98 | 32.53  8.86 2.94 5.3¢ 2.69 | 42.67 2.89 1.91  0.17| 100.00 100.00 100.00 100.00 100.00 | 100,00 100.00 100.00 100.00 |Y
I —t + i I I !
| | | | | I |
| | | 120A WHIMS + GRAVITY OPTION 2 | | | ]
| Test 32 | I | | | |
| | | I I | I
| Mags | 4.74 | 0.92  0.41  0.11 0.22 0.11 | 69.06 21.12 7.66 0.39] 0.47 0.82  0.64 0.67 0.73| 29.94 57.30 64.30 37.45 |
| Conc | 9.36 | 15.01 15.07 8.07 16.34 7.46 | 28.31  7.42 2.05  0.27| 15.21 59.42 92,72 98.62 98.48| 24.23 39,76 33.98 51.21 |
! Tail | 13.88 | 56.10  6.80  0.39 0.08 0.04 | 36.11  0.37 0.07 0.04| 84.32 39.76 6.64  0.71  0.79] 45.83  2.94 1.72  11.34 |
1 ! ] ] ) ! ]
r ] 1 { I ] 1
|  Total | 27.98 | 33.01  B8.48  2.91 5.5 2.53 ] 39.09  6.24 2.02 0.18| 100.00 100.00 100.00 100.00 100.00 | 100.00 100.00 100.00 100.00 |
t I t I I 1 1
I | | | | | I
| | | 150A WHIMS + GRAVITY OPTION 3 | [ | |
| Test 33 | | | I I I
| | | | I I I
| Mags | 6.22 | 0.97  0.46 0.13 0.20 0.09 | 76.56 14.82 6.48  0.29| 0.65 1.20  1.05  0.80  0.74| 42.37 63.69 70.88 48.97 |.5p
| Conc | 8.74 | 13.27 17.59 8.30 17.48 8.51 | 27.25 5.58 1.85  0.17] 12,58 64.32 94.05 98.36 98.40| 21.19 33.70 28.43 40.49 |
| Tail | 13.02 | 61.43 633 0.29  0.10  0.05 | 31.45  0.29 0.03 0.03| 86.77 34.48  4.90 0.8  0.86] 36.44  2.61  0.69 10.60 |, .
H I I + I , t fo
|  Total | 27.98 | 32.95 8,54 2.76  S5.55 2.70 | 40.17  5.17 2.03  0.13| 100.00 100.00 100.00 100,00 100.00|100.00 100.00 100.00 100.00 |
1 1 1 ] 1 1 ]
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TABLE 9
RUTILE PRODUCT - CHEMICAL ANALYSIS AND PARTICLE SIZING DISTRIBUTION

[Analytical Data from Analabs Report 47566]

Chemical Analysis

[Data in % Except Where Noted]

Tio, 97.2
Fe203 1.10
Mn0 0.02
Cr203 0.21
Hb205 0.366
V405 3.53
Mg0 .015
caD <0.01
ZI"OZ 0.22
$io, 0.65
A1203 0.37
sSn 0.083
S . 0.025
U (ppm) 40

Th (ppm) 30

Particle Sizing Distribution

Aperture Weight, X
Bm Retained Passing

+500 - -
=500 +355 - -
-355 +250 - -
-250 +180 1.3 98.7
=180 +125 43.2 55.5
=125 +90 51.6 3.9
-90 +63 3.6 0.3
=63  +45 0.3 -
-45 - -
Total 100.0
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TABLE 11

542182

ZIRCON OFFGRADE PRODUCT - CHEMICAL ANALYSIS AND PARTICLE SIZING DISTRIBUTION FOR SAMPLE 3/22

[Analytical Data from Analabs Report 67592]

Chemjcal Analysis

[Data in %]

2rop 58.8
Ti0; 1.94
Fe503 0.10
Al203 4.0
Tho, 0.013
Free Quartz 2.5
Particle Sizing Distribution
Aperture Weight, %
am Retained Passing
+500 - -
-500 +355 - -
-355 +250 0.6 99.4
-250 +180 3.0 96.4
-180 +125 13.3 83.1
-125 +90 64.9 18.2
-90 +63 16.2 2.0
63 +45 1.9 0.1
=45 0.1 -
Total 100.0

L YL A

e e d

~xm

L e Tl

B e

e T T L T = T A e T



542183

ook
- F
Cal

TABLE 12
ZIRCON PRODUCT - ANALYS]S OF TMF SINK PRODUCT

LIRLUN FRUOUL L = AR e  ——— ™, o

[Data in X)

] zr0, | 66.2
Tio, 0.08
Fey0x 0,06
ALy0; 0.9
Cry0y 0.002
P30g 0.163
s - 0.06
cao 0.02
MgO 0.01
u 0.027
Th 0.025

Lol ' 0.24
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JABLE 13
MODAL AMALYSES FOR FOUR DRY PLANT TESTWORK SAMPLES
T T T T T 1
| | Zircon | Zircon | N/Cond [ K/Cond |
[ | Circuit | Circuit | Wet Tabte | Wet Table |
| | IRM Mags | Conductors [ Mid | Tail |
| Mineral | 3/8 | I ] 3729+ | 3/30%* ]
: i | ! | J.
| | | | l |
| Ilmenite | - | - | 0.9 | |
| | | | | |
| Alt Itmenite | 1.6 | 0.3 | 2.7 | |
| | | ! | ]
| Leucoxene | 4.8 | 14.7 | 6.2 | 5.3 |
! | I | | |
| Rutite | - | 16.0 | 5.2 | 1.0 |
l | l | | |
| Limonite | - | - | 1.8 | 0.2 1
| | | | | |
| Pyrite | - | 0.3 | 0.2 | - |
| | | I | |
| Zircon | 2.5 | 26.3 | 48.5 | 0.5 |
] ! l | | |
| Tourmal ine ] 59.6 | 20.4 | 19.1 | 81.0 |
| | | | | |
| AL silicates | 0.6 | 1.8 | 2.9 | 5.8 |
| | | | | |
| Staurolite | 24.3 | 8.7 | 9.2 | 3.0 |
| | | | | |
| Quartz | 1.5 | 10.2 ] - | - |
| | | | | |
| Others | 5.1 | 1.3 | 3.3 | 3.2 |
| 1 | | | |
1 ! 1 1 1 |
r : '
| Others includes garnet, epidote, spinel, quartz etc. |
| |
L J
Note: * 2.8% HM in Table Mid
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TABLE 14

DISTRIBUTION OF RUTILE IN PRODUCTS AKD TEST QUTFLOWS
M T T T T T T 1
| Figure | Product | Sample | Product | Rutile | Weight | % i
| | | No. | Weight | 3 | Rutile | of Total |
| | | | (9 | | in Product | Rutile |
I | I I I | @ ] I
| | | I = + | |
| | Ilmenite | 3/1 | 2532.0 | 0.3a | 7.6 |- |
| | Ilmenite | 32 | 1520.0 0.3A | 4.6 | | |
I | Ilmenite | 373 | 1037.9 | 0.30 | 31 | 0.1 |
| | ilmenite | 3/4 i 321.4 | 0.38 | 1.0 - |
| | wN/C | 3/6 | 1305.3 | 10v | 130.5 | |
| | wsc | 9| 222.5 | 2sv | 55.6 | |
] | Wsc | 3710 | 298.9 | 60V | 179.3 | |
| | wsc [ 3712 | 156.4 | 70V | 109.5 | |
| | N/C | 3713 | 142.9 | 60V | 85.7 | |
| | Rutile Table | 3715 | 940.7 | asv | 799.6 | |
| | Rutile Table | 3716 | 225.8 | as5v | 191.9 | |
| | Rutile Table | 317 | 1%.6 |  30v | ik | |
| | Rutile | 3/18 | 8s85.2 | 1e0A | &s85.2 | !
| | NsC | 3719 | 267.7 | 8sv | 227.5 | |
| | N/C Table Mid | 3/29 | 79.5 * | 5.24 | 4.1 | |
| | N/c Table Tail ] 3s30 | 31.6* | 1.0 | 0.3 | |
| | w/c | 3/11 | 62803 | . 16.08 | 1004.8 | |
| | Mags | 3/8 | B649.7 | -M | - | |
| | Zircon Comp 1-7 | | B597.8 | 2.08 | 172.0 | |
I | I I | I | I
; : ' } I t t I
i Sub-total | | [ 11566.7 | |
I | I I I |
| WHIMS Mags | 30870 | 0.21 | 64.8 | 6.5 |
I I I I I I
| Wet Cone Tailings - | | | i |
] See Table I | | 460 | 3.8 |
Ir 1 1 | 1 {
I I
| Total 12091.5 |
| |
| I
| Total Weight Heavy Mineral in Feed = 139.7 Kg |
| % Rutile in Feed HM = 8.7 i
L J

* = Heavy Mineral A = Assumed

V = Visual Estimate (binocular microscope) K = Mineralogy




-

o

e

542186

1(D
- 42 -
IABLE 15
DISTRIBUTION OF ZIRCON IN PRODUCTS AND TEST QUTFLOWS
r T T T T T T 1
| Figure | Product { Sample | Product | 2ireon | |Weight | % |
| | | No. | Weight - | 4 | Zircon | of Total |
| | | | (9) | [ in Product | Zircon |
| | | | f [ (9 | |
1 I ] I [ l ! _J
y 1 1 1 1 T T i
| | Ilmenite ] n | 2532.0 | 0.3A | 7.6 | |
| | Itmenite | 372 | 1520.0 | 0.3a | 4.6 | |
| | Ilmenite | 3/3 | 1037.9 | 038 | 3.1 | |
| | Ilmenite | 3/4 | 321.4 | 0.3a | 1.0 | |
| | N/C | 376 | 1305.3 | 10v | 130.5 | |
| | H/C 1 3/9 l 222.5 | T5v | 155.8 l I
| | wNsc | 3710 | 298.9 | 40V ! 119.6 | |
| | NsC | /e | 156.4 | 30v | 6.9 | |
| | N/C [ 3713 I 142.9 [ L0V | 57.2 i ]
| | Rutile Prod N/C . | 3719 | 267.7 | 15v | 40.2 | i
I | N/C Table Mid ] 3/29 I 79.5» | 48,54 | 38.6 | 0.2 I
] | N/C Table Tail ] 2/30 | 31.6* | 0.5M | 15.8 | 0.1 |
] ] N/C ] 3’71 | 6280.3 | 26.3 | 1651.7 | |
I ] Mags I 3/8 | B&4D.T | 2.5M | 216.2 I |
| | Zircon Comp 1-7 | | 8597.8 | 89.1C | 7660.6 | |
| | Zzircon Table 8-10 | | 773.9% | gov | 696.5 | |
| | | | | f | |
I 1 1 I ! L ! i
I 1 ! ] 1 1
| Sub-total | | | 10845.9 | |
] I l | [ |
i *Heavy Mineral | | | | |
[ | | | l |
| WHIMS Mags | 30870 | 0.2 | 61.7 | 0.5 |
| | | | [ |
| Wet Conc Tailings (See Table) | | i 260 | 2.3 |
I 1 i i 1 1
f 1
| |
| Total 11167.6 I
! |
| Total Weight Heavy Mineral in Feed = 139.7 Kg |
| % Zircon in Feed HM = 8.0% |
] |
1 1

Zircon Comp 1-7, Less Quartz

2.5
Rutile 2.0
Kyanite 6.1
10.%9

Zircon 89.1
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FIGURE 1
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OVERALL TEST PROCEDURE FOR LANHERNE THREE TONMNE BULK SAMPLE
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To Concrete Pad
Air Dry

Rotary Split
|
|
i 1
Head Sample ]
Clesed Circuit Bulk Rougher
Rougher Spiral Test Spiral Test

Rotary Split

I

l

I 1
| I _
Closed Circuit Bulk Cleaner
Cleaner Spiral Tests spiral Tests

Tail

Air Dry

Bulk Recleaner
Spiral Test

Tail

Conc Mid
To RMS

Tail

|
|
|
|
|
|
|
|
|
|
|
!
|
|
|

Closed Circuit
Scavenger
Spiral Tests
Rougher Mid:Cleaner
Tail
2.5:1

Continued...

e

i o et ey i, P R R

i TR Ty T et



"

L

il

}_.}.
-1
[ o

Wet Table
Canc
To RMS
I
I
split

|

r

Batch
Wet Mag Tests

Recombine
Run Selected
Test Conditions

1

Products
selected Tests

>

|
I
I
I
|
1
I

To Ammtec

Dry Plant Testowrk

FIGURE 1 - Continued

54

13

Fav

189

g

L R



lll lll lll E n bm hm s III lll A E m E E m b A i e
160

FIGURE 2
Matjonal Minsral Sands Pte, Ltd, (HBL HGS 712
Fousher UsightsHezvuy Hineral Recovery
Feed {2mm Uweg - Tests-1-10
v Hemvu HMinoval Recouveru
1ot ¢ 43k HH Reoouerny
: T 3
95 =L
3 _‘;4_:} L
L -3
oo - .
[ :{-j ::'?‘J'-%:
85 & 1
- ::Il:: Jr_. g
fo b Aok , '
.
L da
75 + il
70 -
[
&5
1
[
Eﬁ I-‘III‘III_lLlJJll'll’IJ!lll!llll"lI'-III[I_IlLJl'IJ'=|-E'-_l|ll"llijl'l!l!'rilII=||'||I.|'I'I'I||LE.J.—=-|_LLJ._,I.I..I..|

ST R S BT S« ST R« B+ SO+ TN (S~ S |+ B S S S T L L o
ﬁﬂmmﬁm?ﬂﬁmmﬁr&r-q&mmcﬁﬁ

File 324:A2094 v Weight Recoveru To Concentrate
AMMTEC Pty Ltd

N6TICTS



G N N NN SN N AN R BN SN BE D BN N s e BN aw B En
( izl
FIGURE 3

Matianal Hin eral Lands Pty. Ltd, (HDI, ESS 772
Fouogher MHeight MHeavpue Minaral Roscovery
Feeé Ldmm Ore - Tests 110

¥ Heavy Hinsral Grade
3o

C HY Grads
25 |-
20 |
- Al '
I -8
L ) ~J
- g
1o - Lt‘i
[ "_ Sy
5 [ .
[y Eu_u_Lu_uJJALLLu_uJ_Lu_JJ_-J.uJ_LUJ_LLu_LLALLJ_w.LLhJJ-LI,J_l.L.d_u,J_'_LuJ_LJ-_z_u_Lu_LLJ_u_LLLuJLLLLLLuJ_lJ
oon o g & D I 9 n G Irs . n & 3 O on 9 i o
q) Ll ot A o T I - O 1§ s 0 [ = Mo @ R B =) o
- T
. el
File 333020048 ¥ Height Recevery Te Concentrate 9
AMMTEC Pty Ltd et
o
, e

i A & B S RhCEL e : 2 3 i 2 L T TR NS % T o o e s i S R T T FE T il D
T A R, Yl I £ T T 7 L AL e U TN e B o o AT, T ST e 2 il i R TR AT O e - ok : -




[T
(S
o2

FIGURE_4

Zoavenger Mo

Baghr Mid Clnr Tail (Hatic 2.0:113 Tests Y¥F-23

¥ Heavw Mineral Hocivery
1G4

on 3 HH Recoveya
" ':_ o
9G F . "
g5 b 4 T
3 . HHY Grade
B0 ¢ 2 _% - ;
75 F B Ll
70 " :+:; |
63 F e i !
6G Ay T &
55 F | T
c I
SO F Ak
45 F ST
ap b
3% ¢
- 30 F
25 |
20 |
15 E
io E P
5 F L CRTT T
0 :'|||=|-|Irl'll|l_l_L_TJL'|1Jlr.ll|-lll'IIILII!l'_:_!,:]:tr:_l_h?l__l__]_f_'._r"LII|Ir[|__'1l"II|1LTLLLLIII|I|II!r|I_LJ_]4_Lj_I

5 B o N o m e m 9 B S o @|pmoe »w o wvmo n ¢ N ©
o T < T - R - - A= N 1+ SN S T L T -~ -~ - T B
=

Fii934ﬁ'92ﬂ943 v, Weight Recouewvy Ta Concanfrate
AMMTEC Pty Ltd

AR A



FIGURE 5 ‘
133

Mational Hinzral Sands (HEDL, HES Tt
Cleansy Mesighi Heay
an

BEullk Bougher Cono

~
-
o
AL
42
-
Jie
e -4
ad
=
1]
i
]
friamnl
-
[y}
by
]
s
5
L=

=] 03 0w N o

o

HM Hecovewry

L W T 4 I e T 1 [
T
i
oy e
-
gy el
Sl

=2
e
i
-
-
]

4@ = o
a5k =

30 F T
25 F ' LYok
20 | - LA e
is5 ¢ =
10 &

ﬂ ElIIl]JLlIJ'I‘IIJ_llI'.I‘\l:]llllll!l|r]lli[llll!J_L_i_Ll=|ll".?ll"r:"'ll:'_I_J_JJ_J_I_I_LI_L‘J_[_I_LLLH_LJ_J_L_L}_L“J_'

S on e N & w9 w9 B QN
EUR™ T - B R < T - I N -

L)
3
Lo
o
¢
=
A
i’
O

File2da:n209%4c¢ v Weight Recovery To Concentrate
AMHMTEL Dty Ltd

GIGVS

th



' | 542194

-
Jom

...50-.

FIGURE &
OVERALL TEST PROCEDURE AND RESULTS FOR SPIRAL, WET TABLE CONCENTRATICON

Weight Balance Wt Wt HM KM HM
| Dist Dist
| kg % % kg %
|
3286
—————>less 260 kg to
| Rougher Spiral
| Tests

Feed 3026 100

I L 1
| Screen 2mm —>0/8 ——— 136 4.5 - - -
L ]

T

I ¢B90
r L 1

Deslime p——->Slime — 166 5.5 - - -

L T ‘ 5.13 139.7 100.0

| 2724
1

.
Rougher Spiral |——>Tail ———— 1685 55.7 0.78 13.1 9.4
i

T

| Spiral Tests —— 60 2.0 12.18 7.2 5.2
| 979
I I 1
| cCleaner Spiral |——>Tail ———— 545 18.0 2.47 13.5 9.7
! J
T
| 434 o
| ﬂ7 ;75/’r:é e b >
[ 1 T
| Recleaner Spiral |—>Tail ——— 232.4 "~ 6.7 4871 rﬁﬁr?DL69 4/
L | J
|
To Wet Table 201.6 &.7 48.1 97.0 69.4 -
201.6
3026 139.7 100.0
Wet Table Balance (From Products)
Feed 175.5
l
1
T 1
| Wet Table |
l T T T .
tonc Mid |
+500um ——— | |
0/s  «——| Screen | | | 2.1 1.2 KD
s E 58.45 | 58.45 33.3 15.61 9.1 10.1
ey |
Head <——] Riffle | | 1.4 0.8 81.1 1.1 1.2
e Tail 15.55 8.9 4.95 0.8 0.9
l I
To RMS ‘ | 98.0 55.8 81,1 79.5 8&7.8
98.0 |
15.55 175.5 100.0 51.6 90.5 100.0

| 1039
l |_>Less 60 to Cleaner
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FIGURE 7
TEST_PROCEDURE AND RESULTS FOR SECOND STAGE WHIMS TESTWORK
Sample As Received
[ 100%
s ’ —
<—————— Low Intensity Magnet Pass |
0.16% ! : )
| 99.84%
Mags I ! —
D WHIMS 120 A |
31.50% | 126 I
L : J
| Non Mags
| 68.34%
Conc I 1 — Tail
Lo | HG 8 spiral ——
29.40% ] T27 | 10.96%
i : i
| Midd
| 27.98%
l
I
| f |
| | |
option (1) Option (2) Option (3)
27.98% | | |
| < 1 | |
| I | l
Tail; L - Mid] | 27.98% |
< HGA Spiral — | |
13.46%] T31 | | i
L r ! I |
| (o L — Mags |
Conc | WHIMS 120 A I —> |
14.52% i 132 | 4.74% |
L | 4 |
| 23.24% |
| < 1 |
Tail ! . Mid | | 27.98%
] Wet Table p— |
13.88% | T34 | [ L ] Mags
[ T J |  WHIMS 150 A, |——>
| | 133 | 6.22%
| L : ]
Conc | 21.76
9.36% |« ———
Tail I 1 } Wid|
N Wet Table f—
13.02% | T35 |
1 | J
|
Cong
8.74%

e
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FIGURE B
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TEST PROCEDURE AND RESULTS - DRY PLANT HIGH TENSION AND MAGNETIC SEPARATION FOR [LMENITE RECOVERY

59400
I

HT Roll
318 RPM 105-110°C 20 kv

I i I

22400
I
I
I L 1
| HT Roll |
L |
] T
17900 | N/C 4500
caM L
! I 1
[ HT Roll |
L 1
T T
15940 | NsC 1930
coMn L
|
r I 1
| HT Rall |

L |
T

Mid N/C 1900

|
|
c L
|
1

r 1
| 1RM 5500 Gauss |

| 11447.5

I
l Mags 3/1 | Non Mags

2532.0 |

r : 1
| IRM 9500 Geuss |

1 1
I T

| 9976.0
Mags 3/2 | Mon Mags

To Rutile
Circuit

Mid Cond Non/Cond
I I | _
' ‘ | 37000
l
1
Mid L ) Tail
 —— Wet Table -
3729 | , 13730
2840 | 1170
] Conc 32990
| I L 1
| | N/C HT Roll |
[ Y T r!
| Cond Mid N/C
i 4040, (—m———- L |
I I |
| | 28949 .9 |
I I l
I r : | |
I I ESP I |
] L ! !
} T T
| Cond N/C |
I 1 1 | 1838.0 | 2202.1 |
] No.1 ESP | | L >
' T T I I
| 3983.8 | | |
| N/C 4378.0 | |
! ' } >|
| | | 35530
— | |
| 1IRM 9500 Gauss | | |
l 1 | |
T T
I | | I
Mags N/M | 1838.0 |
l I I I
3/3 | | | |
1037.9 2946.6 | |
To Rutile | |
— I
| |
r . ) I
| 1RM | |
1 J |
T T
| [ |
Mags Non Mags |
374 | ! !
321.4 To Rutile To Zircon
1516.6 Circuit
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FIGURE ¢
RUTILE CIRCUIT - ELECTROSTATIC PLATE CLEANING
14439.2
|
1
T 1
| ESP |
|- 6 Plate |
1 i
T T
| [
13133.9 Cond N/C 1305.3 3/6
| ‘ >
1
I |
| Screen | orss
| 355 am fe———>
1 ]
T
|
12919.5 <355um
i
1
i |
| IRM |
| 2 Passes N/M Clean |
L r | i
! |
3/7 Mags Non Mags
1897.7 | | 11021.8
| : |
| |
1 ]
r | I 1
| Screen 300 am | | ESP |
L ] 1 j
T 7 T T
+300pm -300um | |
| | Cond Non Cond
| 10799.3 | L >
3/25 3/26 | 222.5
93.4 1804.3 |
Tourmal ine Iimenite/Leucoxene |
M ' 1 N/C
{ ESP f—————
1 : 1 298.9
_ |
tond 10500.4
|
Cond r L ) N/C
, { ESP e ——
I 9247 L T ] 156.4
! |
| Mid 1109.3
| |
| cond T L 1 N/C
|« | ESP ———>
| 966.4 L J 142.9
|
|
!

To Het Table
10201.1

b

379

3/10

3712

3713

-3
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FIGURE 10
RUTILE CIRCUIT - WET TABLE AND FLOTATION TEST RESULTS
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1021.1
|
I
|
1
i 1
Wet Table . |
1 J
T
|
| @
Conc 1 163.6
Conc 2 551.4
Conc 3 1014.2
Conc 4 1744.2
Conc 5 1759.3
Conc 6 1617.6
Conc 7 2169.2 9020.0
Conc 8 940.7 3715
Mid 225.8 3/16
Tail 14.6 3717
10201.1
Composite 9020
|
I
r 1 1 Conc
| Flotation p—— > 3/20
L T 1 ga.7
I
8931.3 Tailing
|
I L | Slimes
| Attrition e
L T J 78.4
I
8852.9
I
1
1 1
J HT Roll |
1 |
I T
| I
3/18 Cond Non Cond 3/19
| I
8585.2 267.7
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FIGURE 11
ZIRCON CIRCUIT - TEST DATA
35530
|
1
r }
| HT Roll [
L I
T T
| I
3/11 Cond Non Cond 29249.7
| |
[ |
5280.3 |
I___I
I
3/8 I 1 1
Mags | 1IRM 2 Passes |
«— | N/M Clean |
B8649.7 1 T |
I
Non Mags 20600.0
!
1
I |
Wet Table
L ]
T
|
B8597.8 Conc 1 178.9
| Cone 2 735.9
| Conc 3 1353.6
r ' . Conc 4  1795.7
14.0¢— Attrition | % HM Conc 5 1797.9 5862.0
L 1 )
T
Slimes | 97.9 Conc & 1367.9 Sinks
| a583.8 60.3 Cone 7 2314.5 2735.8 8597.8
I
[ 1 1 — Conc B 2254.0
21.8 | screen | 7.0 —] Mid 4473 .1
3/23<—o 355um | b— Tail 4328.5
L ]
20600.0

1

I

| 8562.0
|

| Composite 1-5 + Sinks 6, 7
L

1

IRM 2 Passes

N/M Clean
T T
I ' |
Mags Non Mags
I |
3721 3/22
128.3 8433.7
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FIGURE 12
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ADDITIONAL CLEANING TESTWORK CONDUCTED UPON A ZIRCON PRODUCT

.Sample 3722

Cond <«

14646.3
Cond <

3/e5

Analysis
Tioz = 0.17%
F9203 = 0.06%

| 8433.7
I
; : . 486.6
I ESP i > Mid
L )
T
I
Non Cond
| 6493.5
T I 1
I HT Roll |
L }
T
I
Non Cond 5047.2
I
I
|
Split > Reserve
/f
I
I
I
i L 1
| Heavy Liquid Separation: |
| TBE $G = 2.96 ———— > Floats
' I J Quartz
| 3/24
Sink
|
| 64.6
1
I 1
I ™ I
| SG = 3.85 f————————> Floats
' T I' 1.1 Aluminium-Silicates
I
Sink
2ircon Product
63.5
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NEW SECTION 2.5 METALLURGICAL TESTWORK SCOPE QOF WORK
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Wet Magnetic Separation Testwork
Based on 3t Bulk Lanherne Beach Sample

TESTWORK SUMMARY

To produce a heavy mineral concentrate suitable for
further separation into its saleable constituents.
This work incorporates a wet mill gravity study.

To arrange and be responsible for wet high intensity
magnetic separation testwork on the heavy mineral
concentrate.

To arrange and be responsible for dry mill circuit
testwork including the dry mill feed preparation
circuit.

To report grades, impurity levels and recoveries of
rutile, zircon, leucoxene and ilmenite to all final
product and tailings steams.

To produce product samples.

TESTWORK PROGRAMME

A heavy mineral concentrate is to be produced from a
three tonne sample requiring compositing and
screening. Concentrate production will be by a
conventional spiral circuit comprised of roughing,
middling, cleaning and recleaning spirals recognising
the presence of leucoxene. It is intended that
spirals be tested at a higher and lower solids
throughput. Sizing analyses of all products are to be
reported.

It is expected that WHIMS testing will be performed on
a commercial scale unit so that the only scale up
parameter to actual production conditions is solids
throughput.

WHIMS testing should examine the effects of rotor
speed, wash water quantities, feed pulp densities and
magnetic field strength. It should also establish the
need for low intensity separation prior to WHIMS.

Recovery of magnetics nd non-magnetics will be
determined for at least a lower and an upper solids
throughout.
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A conceptual dry mill circuit study will be carried
out. This testwork may be varied to suit flowsheet’
conditions as they develop but would basically consist
of screening followed by high tension rocll separation
with cleaning by HT plates and mag. separators. Prior
to screening, attritioning tests should be conducted
to verify reagent requirements and power inputs.

test reporting will include concentrate recovery and
grade, rutile, zircon and leucoxene recoveries and
grades, and a radiation activity survey of appropriate
products. It is also required to report grades,
recoveries and impurity levels of rutile, zircon,
leucoxene and ilmenite to all final product and
tailings streams. Mineralogical and chemical assays
are required to assist in the economic assessment and
identification of all recoverable minerals and gangue
constituents.

The testwork should also result in the production of
product samples suitable for marketing purposes.
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READINGS METALLURGICAL SERVICES
ANALYSIS TECHNIQUE
"Outflows"
I
|
1
| 1
Bromoform Separation F———————-—> Quartz
L : 1
I
I
1 Sinks
!
|
r . 1
Magnetics¢———] Magnetic Separation 3 > Other Magnetics

Non Magnetics

!
| Clerici Separation f———> <4.05 SG
I

T
|
l
I

*4.05 SG
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USTRMIAH METALLURGICAL AND MINERAL TESTING CONSULTANTS PTY LTD. ; % ‘ WE&

& MacAdam Place, Balcata.,

Western Australia 6024

Telaphone: (09) 344 2416, (09) 344 2418
Telex: AAPSA77. Fax: {09) 349 74688

i
2
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SENIOR METALLURGIST

G.W. LLOYD
MANAGING DIRECTOR
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11th April, 1989

The Manager,

National Mineral Sands Pty.

Suite 403, 4th Floor,
King York Building,
32 York Street,

SYDNEY. N.S.W. 2000.
ATTENTION: MR. D. GILLETT
Dear Sir,

RE:

Ltd.,

Consuiting Engingers
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Ve are pleased to submit our report on of the above project.

We trust the information provided will be sufficient for your present
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matters arising from this report, please do not hesitate to contact the

undersigned.
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EXECUTIVE SUMMARY

The heavy mineral deposits of Milford Beach and Lanherne Beach (Naracoopa) and
High Dune and Back Beach (Cowper Point) form the Naracoopa Project and are
located in beach and aeolian sand sediments along the east coast of King
Island.

The hydrogeological study involved the drilling of 23 holes of which 18 were

converted to regional observation bores which were incorporated with the 10

vater level monitoring peints established in the 1988 pre- teasibility study.

In addition, two production bores and three production spearpoints were

constructed and test pumped. Water levels were measured in additional

observation piezometers around the groundwater discharge facility to assess

aquifer hydrologic characteristiecs. On-site chemical analyses were carried out-

at most observation piezometers, and surface water and groundwater samples sent

to a private laboratory for inorganiec chemical analysis. Computer modelling

assessed the likely quantity of groundwater available from the sand aquifers ' -

and regional effects of such withdrawals on the environment.

Naracoopa

The Naracoopa sand deposit consists of a frontal beach, a Recent interdunal e
system and extensive beach and aeolian sediments of Pleistocene age. The
saturated thickness of aquifer in the Pleistocene sand is variable with an
average of 7/m. This deposit contains diagenetic, carbonaceous cement horizons
and peat layers which significantly reduce the permeability of the sand
aquifer. Perched systems above the peat are present. Clay bedrock cccurs
beneath the sand and dips eastwards, being RL 20m near Sea Elephant Road, RL 2m
beneath the interdunal system and RL Om on the beach. The limit of the
Naracoopa sand deposit from Sea Elephant Bay is taken as Eldorado Creek to the
north, west to Sea Elephant Road and south to the Frazer River. Transmissivity
values for the Pleistocene sand range from 0.4 to 6me /day, and a value of 36
m¢/day was derived for the interdunal system. This indicates the low
permeability of the carbonaceous sand and the more transmissive characteristics
in the Recent deposit. The quantity of water in aquifer storage is estimated
as 1120 M1 with annual groundwater discharge being 730 M1l of which drainage to
Sea Elephant Bay is 630 Ml/year. The required groundwater yield for mining
purposes is 1 Ml/day, which is about 60% of discharge to the ocean and 33% of
aquifer storage. The preferred area for groundwater vithdrawal is the more
permeable interdunal system at the base of the Pleistocene deposit.. The
potentiometric surface at this location is shallow. The most appropriate
method of groundwater withdrawal is a spearpoint battery or a collector trench
along a 2.5 km length of the interdunal sand deposit to intercept the natural
base flow drainage to the occean.

The salinity of the groundwvater is less than 1000pS/cm except in the southern
area where higher salinity is assessed as being due to the use of sea water and
caustic soda during previous mining operations. The low salinity water is
acidic, highly coloured, occasionally contains excessive iron, and hydrogen
sulphide gas is present. The water quality indicates that the groundwater in
the Naracoopa sands is unsuitable for domestic purposes. Potable water should
be obtained from surface water sources.
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Mining close to the Frazer River will have little envirommental effect on the
watercourse. Salt water encroachment from Sea Elephant Bay due to pumping
close to the beach is unlikely to occur due to the geometry of the aquifer
system. The use of sea water for mining purposes is not recommended due to the
subsequent increase in salinity in the sand aquifer around the mining pond and

the long term deleterious effects on the aguifer system including those caused
by surface rehabilitation.

Due to the presence of the indurated carbonaceous cement throughout the
Pleistocene sand, the aquifer does not form an ideal groundwater supply system. -
The apparent marginally better hydrologic characteristics of the Recent
interdunal sand, and shallow potentiometric surface, indicate that a collector
trench system or spearpoint battery should extract the required 1 -Ml/day. A
length of 2.5 km would be needed. Due to the shallow saturated sand thickness
along the north-south orientated interdunal system it is assumed that the
groundvater quantity required will largely be withdrawn by induced drainage
from the Pleistocene sand system. 1t is further assumed that the saturated
sand is hydrologically continuous over the length of extraction. Before an
extensive trench system or spearpoint battery is installed it is recommended
that a trial 250m length of spearpoints be installed between 1600N to 1850N and
pumped over a period of several months to assess the suitability of the
withdrawal/interception system. A careful water management scheme is required
to effectively utilise and re-use mine waste water to reduce the demand on the
groundwater withdrawal facility.

Additional water should be available from the Frazer River during wet periods
of the year. Another water supply alternative is the treatment of sea water by
reverse osmosis methods, {similar to that on the o0il rigs of Bass Strait)
however, the capital cost of this method is high.

Covper Point

-

The High Dune system extends from the calcareous sandstone at the confluence of
Blowvhole Creek and Sea Elephant Bay to Cowper Point. The multidune system
rises sharply to RL 44m with interdunal areas of RL 5 to 8m. <Carbonaceous
cement is present in about 50% of the High Dune deposit; the remainder
consists of clean, shelly, fine to coarse sand. Bedrock consists of a
calcareous sandstone platform located at RL 1 to -2m, The saturated thickness
of the unconfined aquifer varies from 0.9 to 7.9m, the average being around 4m.
The transmissivitg of the High Dune sand aquifer varies from 78 to 739 nZ/day
{average of 300 m</day) indicating a clean, transmissive, coarse grained sand
unit. Based on the examination of drilled samples the transmissivity of the
carbonaceous cemented sand is assumed to be slightly higher than that at
Naracoopa.

The quantity of water in storage in the High Dune sand aquifer is estimated as
400 M1 with annual rainfall recharge to the aquifer system of 593 Ml. The mine
requirement of 1 Ml/day is 60Z of rainfall recharge and 90% of groundvater in
storage. A 50 spearpoint battery system established over a 1.25 km length of
the interdunal clean sand area between the dunes should extract the required
mine water sugply. The spearpoints should be spaced 2Z5m apart and are expected
to yield 20 m?/day. The water salinity is less than 1000 uS/cm over the
central part of the High Dune deposit with increase in salinity to 1760 uUS/cm
along the flow path. The Na:Cl type water is enriched in calcium and
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bicarbonate ions due to the dissolution of shells within the aquifer, the pH is
neutral, the water is colourless to light brown and has a low iron content.

The inorganic chemical analysis indicates that the water may be suitable as a
potable water supply. No bacteriological analysis was carried out.

It is assessed that if the northern extent of the spearpoint battery was
restricted to drill line 4650N there would be no effect on the Sea Elephant
River due to groundwater withdrawal activity. Salt water intrusion into the
High Dune aquifer is not anticipated from Sea Elephant Bay. The use of sea
water in this low salinity, permeable aguifer is not recommended.

The clean sand beneath the High Dunes appears to have good hydrologic
characteristies but the lack of saturated sand thickness due to shallow bedrock
and carbonacegus cement to the west restricts the groundvater yielding
potential of this aquifer. It is unlikely that groundvater yields in excess of
1 Ml/day could be extracted over a length of 1.25 km within the interdunal
system. It is recommended that initially a 500m length of spearpoint battery,
each spear 25m apart, be initially established and pumped for 1 month with
wvater level mopitoring in surrounding piezometers. Additional spearpoints
could be added after this trial to increase groundwater extraction rate.

— A

The Back Beach deposit occurs as a slightly elevated beach sand deposit west of -
the High Dunes. It is of limited aquifer thickness and contains carbonaceous r
cement throughout. No test pumping was carried out in this deposit.

Surface Water

The quality of groundwater from the surface svamp is similar to the groundwater
system to which it is hydrologically connected. The Na:Cl dominant swamp water
at Naracoopa is acidic, highly coloured, of lov salinity and bicarbonate ion
absent. The chemistry of swamp water at Cowper Point is significantly

different to that at Naracoopa being of neutral pH, colourless to light brown
and with a high bicarbonate content. Water samples from the mouth of Blowhole
Creek and the Frazer River indicate hydrologic connection to Sea Elephant Bay.
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1.0  INTROIUCTION

1.1 The Study

King Island is lccated to the north of the notth-western corner of Tasmania
between Bass Strait and the Southern Ocean, Figure 1. Naracoopa and Cowper
Point are separated by 10km of beach on the southern and northern extremity of
Sea Elephant Bay. Four separate heavy mineral deposits have so far been
delineated between Naracoopa and Cowper Point which in total comprise the
Naracoopa Project. These deposits are Milford Beach, Lanherne Beach, High
Dunes and Back Beach, their locations are shown on Figure 2. The
Milford/Lanherne Beach deposits were partly mined between 1968 and 1977 and
much of the original vegetation was cleared. A large excavation has -been left
providing a good example of the stratigraphlic profile through the dunes in this
area. It is proposed to extract heavy minerals from the unconsolidated sand ai
Milford and Lanherne Beaches near Naracoopa and the high aeolian dunes and bacl
beach deposits near Cowper Point.

Coffey & Partners Pty. Ltd. was engaged by National Mineral Sands Pty. Ltd. to
study the regional and site-specific hydrogeology and hydrochemistry with
particular emphasis on estimating the laong term groundwvater yield from sand
aquifers in both areas for use in the dredging operation and mineral separatior
process. In addition a potable water supply was required at Naracoopa. The
vater requirement for the proposed dredge pond mining operations is not known.
Processing plant capacity will be 300 to 600 tonne per hour. Based on
experience of mineral sand mining operations along the east coast of Australia
in similar aeolian and dune beach sands environments the estimated vater
requirement will be in the order of 1 Ml/day.

Subject to the limitations of the scope of work as set out below, which vas
substantially modified from our original work proposal (Report No. GP154/1),
comments on the mine hydrogeology, likely long term groundwater yield,
hydrochemistry and preferred method of water extraction for both areas are
given. A pre-feasibility level groundwater study has previocusly been carried
out by Coffey & Partners Pty. Ltd. at Milford and Lanherne Beaches, (Report No.
G65/1 - June 1988). The information from that report was incorporated, where
applicable in the present study.

1.2 Scope of Work

The aim of the study was to assess the aquifer systems at both Cowper Point and
Naracoopa to such a level that the effects of groundwater utilisation by the
mining company on the hydrogeological regime could be estimated and a groundwat
withdrawal system at both locations recommended, (if sufficient water in the
aquifers was available for such extraction). The hydrogeological assessment
entailed both a desk study and field activities (31st January to 10th February
1989). The locations of all observation piezometers, spearpoints and
production bores are shown on Figures3 & 4. This study involved:

* a review of the previous hydrogeological report and the Tasmanian
Government's policy on groundwater extraction and protection.



y

 ooce Py Ld
AL
G65/3-AB
t1th April, 1989 8.
* a hydrogeological reconnaissance of the areas to locate existing

groundwater supplies, to review the borelogs from the mineral
exploration holes and finalise the drilling program.

* the drilling and installation of 3 additional regional observation
piezometers (P19-P21) at Naracoopa. Thirteen holes vere drilled in the
1988 hydrogeological study of which 10 were converted to observation
points. The drilling of 20 regional groundwater test holes at Cowper
Point (P10-Pl4 and P22-P36) as part of the minmeral exploration
programme of which 15 were converted to observation piezometers. Each
observation piezometer was completed with 25mm ID, Class 12 PVC pipe,
slotted at appropriate depths and then backfilled to the surface.

® the drilling of 250mm diameter, filter packed production bores with the
installation of 150mm diameter casing and screen (lm length, aperture
0.5mm diameter), one at Naracoopa and ope at Cowper Point and the
installarion of additional observation piezometers at various distances
and direction around the production bores.

* the drilling of holes for the installation of pumping spearpoints (2 at
Naracoopa and 1 at Cowper Point) and the construction of addltlonal
observation piezometers.

* test pumping (single rate and recovery) carried out on the 2 production:
bores and 3 spearpoints.

* on-site water analysis (pH, Eh, temperature, specific conductance and
dissolved oxygen) on the observation piezometers and all groundwater
pumping facilities.

* the collection of water samples from surface water and groundwater
sources for comprehensive inorganic chemical analyses to establish
baseline data, and

* the computer modelling of the Naracoopa and Cowper Point sand aquifers

to assess the effect of groundvater withdrawal from the semi-unconfined

aquifers, likely long term yields and appropriate method of groundwater
extraction.

1.3 Report Format

A review of the physiographic and geological features of the study area is
given in Section 2.0. Also included are comments on the baseline chemistry
study on surface vater and groundwater sources. The hydrogeology of the
Naracoopa and Cowper Point areas are given in Sections 3.0 and 4.0 respectively
with details of the test pumping results, hydrochemistry, computer modelling
and discussions of the findings and recommendation for wellfield construction.
Section 5 describes the Tasmanian Government policy on groundwater. Borehole
logs are given in Appendix A and chemical analysis in Appendix B.
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2.0  PHYSIOGRAPHIC AND GEOLOGICAL FEATURES; BASE LINE WATER CHEMICAL DATA

2.1  Geomorphology

The aeoclian and beach sand dune sequence at Naracoopa rises steeply from the
beach aleng the southern end of Sea Elephant Bay. There is a small frontal
dune and a narrow interdunal area of Recent age and then a steep rise to the
top of the main sand dune system, of Pleistocene age (Figure 5). The
Pleistocene sand rises to 29m above sea level at the Sea Elephant Road along

drill line 1600N. The dunal system is undulating in nature.

Vegetation

consists of ti-tree and heath which are very thick in places and peaty swamps
in the interdunal areas. Frazer River borders the southern boundary of the
sand deposit adjacent to hard rock outcrop. The intermittent Rocky Creek,
Eldorado Creek and associated watercourses truncate the Pleistocene sand in the
central and northern part of the lease boundary. A large swamp is located in

-the western sections of drill lines 1200 to 1400N.

The Cowper Point High Dune system extends from the calcarecus sandstone outecrop

at the mouth of Blowhole Creek north to the Sea Elephant River.

Dune systems

rise sharply to RL 44m (AHD) with interdunal areas arcund RL 5 to 8m, (Figure
6). Topographically there appears to be two high dune systems, one adjacent to

the coastline and a second same 300 to 500m inland.

Swampy areas oaccur to the

west of the inner high dune system. The vegetation consists of low coastal

shrubs.

The Back Beach deposit occurs in a slightly elevated area of distinct beach
strand lines. 1In contrast to the coastal dunes the area is relatively flat,
being only 1 to 2m above the surrounding area and is surrounded by interdunal
lowlands. It is likely that some of this area would be waterlogged during
vetter months of the year. Blowhole Creek and associated watercourses drain
the Back Beach area in a southern and easterly direction to Sea Elephant Bay.

2.2 Rainfall

The average annual rainfall at Currie Post Office over a 77 year period is
912mm. The average monthly rainfall is shown on Table 2.1. Heavy rainfall

usually occurs in the winter months of June to August;
occurs throughout the year.

however precipitation

e
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TABLE 2.1
AVERAGE MONTHLY RAINFALL
1909 TO 1986 - CURRIE POST OFFICE
(Supplied by Bureau of Meteorology, Melbourne)

Month (mm)
January 3s
February 40
March 50
April 69
May 98
June 104
July 126
August il
September B4
QOctober 76
Neovember 61
December 53
912

2.3 Geology

The regional and site specific geology, in plan and cross sections, are shown
on Figures 2,5 and 6.

2.3.1 Hard Rock Geology

The hard rock which underlies the township of Naracoopa consists of a
comparatively unmetamorphosed orthoquartzite-mudstone sequence of Precambrian
age. Rock outcrops are unfractured and quite massive. The depth to the hard
rock beneath the unconsolidated sand sequence is unknown.

A calcareous sandstone of Tertiary age crops out at the confluence of Blowhole
Creek and Sea Elephant Bay and forms a shallow bedrock platform beneath the
high aeolian dunes at Cowper Point.

2.3.2 Pleistocene to Recent Depasits

A series of beach and aeolian dune deposits with associated interdunal lagoonal
sediments and diagenetlc carbonaceous cement of Pleistocene to Recent age
occupies the area between Naracoopa and Cowper Point. The heavy minerals have
been deposited in this sand complex. '

2.3.2.1 Naracoopa Area

The sand deposits at Naracoopa comsist of subangular to subrounded quartz
prains with heavy minerals concentrated along old beach strand lines and
disseminated within the dunes. The sands are rarely clean, being generally
quite silty. They usually contain diagenetic, carbonaceocus and iron rich
cemented indurated layers, derived from the precipitation of organic acids from
decaying vegetable matter in a low pH envirconment. The diagenetic material
partly occupies the void space between the sand grains. The indurated lavers
vary from relatively soft to quite hard horizons, and from a few centimeters to
1 to 2m in thickness. Extensive peat layers are located at various-semi-
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Peat thickness usually ranges from
A subangular to subrounded, 0.5 to Ilm thick, coarse sand and
layer occurs towards the base of the sands, its grain size increases
tovafds the hard rock headland. This basal unit appears to be relatively clean
with! little silt, the grain sizes varying from medium sand to pea size gravel
up fto Smm diameter. The basal section is usually heavily pyritie.

A

deposit. Figure 7 shows that the basement profile is quite irregular with a
topographic high (RLO.4m) along 1000N and troughs to the north (1400} and
south (600N). Overall the basement clay dips from RL 20m near Sea Elephant
Road, to RL O0.4m beneath the frontal interdunal area to just below sea level on
the beach. Minor sand zones are present within the clay however they do not

appear to be continucus throughout the area. The depth to the Precambrian age
sandstone and quartzite in this area is unknown.

The thickness of the dune and beach sand intersected by drilling varies from 1
to 17m, butr is generally in the range of 6 to llm. Due to the basal clay
configuration and surface topographic features the sand thins towards the
Frazer River, dips overall to the east, is only 4m thick beneath the frontal
interdunal area {(about RL 2m) and occurs as a thin veneer on the beach.

2.3.2.2 Cowper Point Area

The High Dune area consists of fine to coarse grained sands with shelly and
fine gravelly basal units overlying a calcareous sandstone platform.

Diagenetic carbonaceous cemented layers, underlying clean sand, are located in
distinct areas within the High Dune sand sequence (Figure 4). The main area of
induration is along the older western side of the dune deposit and south of
1900M. The remainder of the High Dune deposit consists of clean, light pgrey,
coarse grained sediment, with no carbonaceous cement.

The thickness of sand varies significantly due to the marked surface
topographic contrasts over short distances but should fall within the range 44
to 6m. Based on orthophotomaps and borehole logs the elevation of the
sandstone platform is around RL 1 to RL -2m; the exact configuration cannot be
given until the area has been more accurately levelled. '

The Back Beach deposit consists of silty, fine to coarse grained sand.
Indurated horizons occupying the void space between sand grains ceoinmonly occur.
The thickness of the sand varies from 3 to 5m with bedrock being either-a dark

brown to green grey, high plasticity clay or the shallow sandstone bedrock
platform.

The area between the Back Beach and the High Dune area contains a thin sequence
of indurated sand. Depth to bedrock varies from 3 to 7.5m beneath the surface.

ark grey to brown, stiff, high plasticity, micaceocus clay underlies the sand
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2.4 Baseline Vater Chemistry

Water samples from 5 surface sources, the 2 groundwater production bores (P30
and P52) and from production spearpoint P37 were collected to obtain baseline
inorganic chemical data in a low rainfall month. The sampling locations are

given in Table 2.2 and are shown on Figures 3 and 4. The inorganic chemical
analyses are given in Appendix B.

TABLE 2.2

LOCATION OF WATER SAMPLES FOR INORGANIC CHRMICAL

ANALYSIS - KING ISLAND

SOURCE CO-ORDINATE WATER SAMPLE NO.

Surface Vater

Mouth of Blowhole Creek 1800E, 1000N 147
Swamp-Cowper Point 2080E, 3450N 148
Frazer River - Mouth 200E, -190N 151
Frazer River - Bridge on Sea

Elephant Road 750W, 9S00N 152
Swamp-Naracoopa 380w, 1400N 153
Groundwater
Production Bore P52 - Naraceoopa 028W, 1604N 154
Production Bore P30 -

Cowper Point 2310E, 4340N 150
Production Spearp01nt P37 -

Naracoopa Q37E, 1600N 149

The quality of water from the surface svamps is similar to the hydrologically
connected groundwater systems. The Na:Cl dominant swamp water at Naracoopa is
acidic (pH = 4.2), has high colour, low salinity and there is no bicarbonate or
carhonate anion. This water type is similar to the groundwater from P37 and
P52 except the surface water has a higher suspended solids content.- I[n
contrast the low salinity, neutral (pH 6.2 to 7.3) groundwater and swamp water
at Cowper Point are Na:Cl dominant but with significant calcium and bicarbonate
concentrations, presumably due to the dissolution of shells (CaCO3) within the
sand. Where indurated sand is absent colour is low, however in the surface
swamp higher colour content is present. The trace metals analysed are in low
concentrations and below standards set by government regulatory bodies. The
exception is iron which is present in high concentrations in the Frazer River
and production spearpoint P37, High salinity, alkaline (pH=7.3 to 8.8) waler
is present at the mouth of Blowhole Creek and the Frazer River where the
watercourses are tidal and thus in direct hydrologic connection with Sea

Elephant Bay. The radloact1V1ty of all baseline water samples 1nd1cate low
gross alpha and beta cencentrations.
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2.4 Baseline Vater Chemistry

Water samples from 5 surface sources, the 2 groundwater production bores (P50
and P52) and from production spearpoint P37 vere collected to obtain baseline
inorganic chemical data in a low rainfal l month. The sampling locations are
given in Table 2.2 and are shown on Figuzxes 3 and 4. The inorganic chemical
analyses are given in Appendix B.

TABLE 2.2

LOCATION OF WATER SAMPLES FOR INORGANIC CHEMICAL

ANALYSIS - KING ISLAND

SOURCE CO-0ORDINATE WATER SAMPLE NO.

e e e e R R e e i e e B T

Surface Water

Mouth of Blowhole Creek 1800E, 1000N 147
Swamp-Covwper Point 2080E, 3450N 148
Frazer River - Mouth 200E, -190N 151
Frazer River - Bridge on Sea

Elephant Road 750W, 900N 152
Swamp-Naracoopa 380W, 1400N 153
Groundwater

Production Bore P52 - Naracoopa 028W, 1604N 154
Production Bore P50 -

Cowper Point 2310E, 4340N 150
Production Spearpoint P37 -

Naracoopa 037E, 1600N 149

The quality of water from the surface swamps is similar to the hydrologically
connected groundwater systems. The Na:Cl dominant swamp water at Naracoopa is
acidic (pH = 4.2), has high colour, lov salinity and there is no bicarbonate or
carbonate anion. This water type is similar to the groundwater from P37 and
P52 except the surface water has a higher suspended solids content. 1In
contrast the low salinity, neutral (pH 6.2 to 7.3) groundwater and swamp water
at Cowper Point are Na:Cl dominant but with significant calcium and bicarbonate
concentrations, presumably due to the dissolution of shells {(CaC03) within the
sand. Where indurated sand is absent colour is low, however in the surface
swamp higher colour content is present. The trace metals analysed are in low
concentrations and below standards set by government regulatory bodies. The
exception is iron which is present in high concentrations in the Frazer River
and production spearpoint P37. High salinity, alkaline (pH=7.3 to 8.8) water
1s present at the mouth of Blovhole Creek and the Frazer River where the
watercourses are tidal and thus in direct hydreologic connection with Sea
Elephant Bay.
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3.0 UOYDROGEOLOGY OF THE NARACOOFPA AREA

Construction details and borehole lithology for observation piezometer,
production bores and spearpoints are given in Appendix A. Inorganic chemical
analyses for both surface water and groundwater are given in Appendix B.
Drilling activity in the 1989 groundwater study was largely concentrated in the
area between drill lines 1400N and 1800N, this being the area on the northern
extremity of the proposed mining path and the area of thickest sand
intersection. A production bore and a spearpoint in the Pleistocene dune
system were pump tested to estimate hydrelogic characteristics of that deposit
and to test the appropriate method of groundwater extraction. A spearpoint was
also tested in the Recent interdunal sand regime to study groundwater
conditions near the discharge area into the sea.

3.1 Aquifer Identification

It appears likely that Eldorado and Blowhole Creeks truncate the Pleistocene
sand to bedrock near Sea Elephant Bay thus partially subdividing the sand
system between Naracoopa and Cowper Point into three groundwater entities. P

and beach sand deposits south of Eldorado Creek form the most prospective
aquifer in the Naracoopa area. The Lanherne Beach and Milford Beach heavy
mineral deposits are both located within this regionally extensive sand aquifer
and consequently will be considered totally as part of one hydrogeonlogical
regime. Perched aquifer systems are present above some peat layers in the
western part of the sand deposit.

The basement clay has little potential as an aquifer to supply the mine __J
requirements. The orthoguartzites and mudstcnes are hard with no apparent

primary porosity and fractures appear not to be regionally extensive. No-

private bore has been located in the hard rock.

3.2 Areal Extent and Thickness of Sand

The southern sand deposit is located along a 4km length of beach between
Eldorado Creek and Naracoopa. It is assumed thar the mine at Milford/Lanherne
Beaches can access the groundwater resource along the total length of this sand
deposit. The width of the dune sequence to the Sea Elephant Road varies from
0.25km to l.7km with an average of about 0.8km. A total sand area of 3.2km?
(320 hectares) was thus studied as part of the hydrogeological assessment for
the Naracoopa area. The width of the sand sequence west of the Sea Elephant
Road has not been determined but appears to be small. ‘

Table 3.1 and Figures 5 & 7 indicate the thickness of saturated sand which
varies from Om (P4) near the Frazer River; 11.3m (P40) on the eastern edge of
the Pleistocene dune system; rapidly declining to less than 2w (P37) beneath
the adjacent interdunal area. The general trend is for saturated sand
thickness in the Pleistocene dune system to increase to the north and east away
from the basal clay high located along drill line 1000N. The average thickness
of saturated sand is taken as 7m. .

l The unconsolidated, silty, heavily indurated and occasionally peaty, aeolian
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SUMMARY OF BORE LOCATION, WATER LEVEL (FEBRUARY 1989),

3

SATURATED THICKNESS AND DEPTH TO CLAY BEDROCK -

NARACOOPA - KING ISLAMD

BORE ¥O  CO-ORDINATES  SURFACE RL  TOTAL DEPTH CASING S.W.L. (m) SATURATED DEPTH TO CLAY

(m)* (m) STICK UP “priow cASING BELOW GL KL THICKNESS GL RL

(m) {m) (m) {m)

Pl 360W 1500N 23.5 13.5 0.3 5.72 5.57 17.93 6.03 11.6 11.9
P2 O00E 1200N 12.3 7.1 0.4 2.57 2.13 10.17 4.12 6.25 6.06
P3 340W  1200N 17 6.5 0.4 2.22 1.82 15.18 4.48 6.3 10.7
P4 540W 1000N 15 2.7 0.4 2.36 1.90 13.1 - 1.2 13.8
PS5 OO0E 700N 16.0 8.0 0.45 1.41 1.91 14.09 5.69 7.6 8.4
P6 240W 700N 20.0 11.8 0.37 5.34 4.81 15.19 6.79 11.6 8.4
P7 000E 400N 17.1 10.8 Q.35 3,86 1.44 15.66 8.96 . 10.4 6.7
P8 220W 300N 16.0 4.0 0.35 2.57 2.44 13.56 1.06° 3.5 12.5
P9 000E 100N 15.2 11.5 0.4 4,81 4.36 10.84 6.64 11.0 4.2
Pl5*x#% 18 9.0 - 1.8 16.2 5.2 7.0 11.0
Pl6%* 21 18.0 - 5.7 15,3 11.7 17.4 3.6
PL7** 040W  1900N 16 11.5 - 3.55 12.45 7.45 11.0 5
P18 420E 2000N 23.0 10.0 0.25 4.62 4.38 18.62 5.12 9.5 13.5
P19 300W 178ON 23 11.5 0.3 1.34 1.04 21.96 8.46 9.5 13.5
P20 200W  1600N 18.5 11.5 0.2 1.57 1.37 17.13 7.63 9.0 9.5
P21 380W 1400N 19 5.7 0.2 1.61 1.41 17.59 4229 5.7 13.3
P37 037E 1600N 4 3.7 0.1 2.58 2.48 1.52 1.22 3.7 0.3
P38 039E 1600N 4 3.5 0.1 2.40 2.3 1.7 1.2 3.5 0.5
P39 037E 1811IN 4 3.6 0.1 2.50 2.40 1.6 1.2 3.6 0.6
P40 045W 1600N 14.2 13.5 0.1 2.17 2.07 12.13 11.33 13.4 0.8
P4l 025W 1600N 14.2 12.7 0.1 3.31 3.21 10.99 9.139 12.6 1.6
P42 008W 1600N 14.2 13.4 0.1 1.87 1.77 12.43 10.63 12.4 1.8
P43 200W 1600N 19 10.3 0.1 1.60 1.50 17.5 8.75 10.25 8,75
P44 190W  1600N 19 11.3 0.1 1.43 1.33 17.67 9.87 11.20 7.8
P51 199%W  1599N 19 11.0 0.1 2.24 2.14 16.86 >8.86 >11.0 >8
P52 026W 1602N 14.2 12.5 0.1 5.30 5.20 9.0 7.3 12.5 1.7
P53 240W  1600N 19 0.2 2.98 2.78 16.22

* RL Approximate from orthephotomap
*% P15, P16 & P17 part of 1988 drilling programme - not converted to observation piezometers - water level April, 1988.
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The thickness of the saturated sand is hydrologically important in thart, in
combination with areal extent and storage co-efficient it gives the volume of
vater in storage.

3.3 Aquifer Bydrologic Characteristics

Representative plots of water level drawdown and recovery in production holes
P37, P51 & P52 and their associated observation piezometers during test pumping
are given in Figures 8 to 13. The estimated hydraulic characteristics of the
sand aquifer, based on these results are given in Table 3.2.

TABLE 3.2

PUMPIRG TRST RESULTS - NARACQOPA AREA - KING ISLAND

Pumped Observation Distance to Transmissivity Storage Method ot
Bore Piezometer Pump Bore (mzlday) Co-efficient Analysis
(m)

P37
P38 2 ) 36 Distance/Drawdown
P39 11.5)

P51 0.4 Recovery
P20 1 ) Cooper-Jacob
P43 1.5 ) 12,49 Distance/Drawdown
P4 10 )

P52 4.3 ' Recovery
P4l 4.9 4 x 1073 Recovery
P4l 3.4 )
P40 19 ) 5.9 Distance/Drawdown
P4z 18 }

Production bore P32 was pumped at a constant rate of 6.12 l/sec (10.4 m3/day)
for 12 hours with a vater level drawdown of 2.04m (28% of saturated thickness).
During this period the radius of influence only extended to 20m. The results
indicate a low permeability aquifer system. The spearpoint P31 was pumped at
0.015 1/sec (1.4 m3/day) for 5 hours. The lov tramsmissivity, poor groundvater
yield and limited radius of influence also indicates a low yielding capacity of
the Pleistocene sand aquifer system at this site. Spearpoint P37, located on
the interdunal area yielded the highest groundwater supply of C.15 l/sec (13.8
m3/day) over an B hour pumping period. The transmissivity was estimated as
36m2/day. Groundwater yields up to 20m3/day may be available at this site by
fully slotting the spear over the aquifer interval and with additional vater
level drawdown.
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Due to the presence of the carbonaceous cement infilling the void spaces
between the sand grains 'he permeability of the Pleistocene sand is low.
Groundvater movement is further impeded by the presence of peat within the
aquifer system. The interdunal sand appears to be the most permeable of the
sites tested. The estimated storage co-efficient for the semi-unconfined
agquifer is 4 x 10-3. After prolonged periods of pumping the storage co-

efficient should approximate the specific aquifer yield which would be 1n the
order of 0.05.

3.4 Aquifer Storage

Based on the area of 320 hectares and an average saturated sand thickness of 7n

in the Pleistocene dune system the volume of water stored in the aquifer system
would be 1120 M1(320 x 10000 x 7 x 0.03).

3.5 Aquifer Recharge/Discharge

Recharge to the dune sands is solely by rainfall infiltration. No information
is available on the water infiltration capacity of the sandy topsoil at
Naracoopa. The presence of peat and perched aquifer systems with the
associated swamps along Sea Elephant Road indicate poor infiltration conditions
in the western area. In uniform sand dune areas of NSV water infiltration is
usually estimated as 30% of rainfall. On North Stradbroke Island, Laycock
(1975) estimates rainfall infiltration into the carbonaceous cemented sand
between 24% and 47%. At Naracoopa rainfall recharge to the water table would
be towards the lower end of the percentage range. - A conservative value of 25%
is taken as rainfall infiltration, the remainder being lost through

evapotranspiration. Surface water runcff in this sandy environment would be
negligible.

The average annual rainfall is 912mm (Table 2.1). The average anoual recharge
to the 320 hectare study area at Naracoopa is 738 M1. Recharge is about 65X
that of groundvater storage. '

Figures 5> and 14 indicate that groundwater movement is downgradient away from
the Pleistocene dune system, predominantly eastwards to discharge into Sea
Elephant Bay. Minor groundwater flow is towvards the Frazer River, Eldorado
Creek, Rocky Creek and asscoclated tributaries.

nder natural steady state water balance studies, groundwater recharge from
rainfall and discharge to the sea and watercourses should be equivalent.
Figure 5 indicates the natural hydraulic gradient to the east is 0.025 wvithin
the Pleistocene dune complex and 0.18 beneath the interdunal sand to the sea.
The overall regional hydraulic gradient is 0.03. Using Darcy’s Law with an
estimated transmissivity of 15 m2/day and hydraulic gradient of 0.03 the
groundwater discharge along the 4 kilometers of beach north of Naracoopa is
1.5 M1/day or 550 Ml/year.
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The difference between rainfall recharge infiltration inte the sand dune and
groundvater discharge to the sea may be due to aquifer drainage into the Frazer
River and associated watercourses or variations in the conservatlve value of
infiltration or transmissivity estimates,.

3.6 Interrelationship betveen Groundvater and Surface Water

Groundvater discharge occurs to the sea, the Frazer River and adjoining swamps.
The discharge front along the Frazer River is about 1.5km in length.
Groundwater discharge would also occur to Eldorado Creek along the northern
periphery of the sand deposit. Groundvater discharge has the effect of
maintaining baseflow in the watercourses during dry periods when there is no
surface runoff flow.

A borefield located north of drill line 1000N ard south of 3000N on either the
Pleistocene sand or interdunal system should have little effect on groundwvater
discharge to the Frazer River or Eldorado Creek as it will be beyond that part
of the aguifer which contributes groundvater flow to these watercourses.

The dredge pond during early mine operations may be adjacent to the Frazer
River. Because of the peaty and ironr rich nature of the sands being mined it
is expected that water in the dredge pond will he quite discoloured by humic
acid and oxidation or remobilisation of iron may occur. Any seepage from the
pond, although expected to be small, may have the effect of discolouring the
river pools. Similarly surface runcff from the tailings will probably have the
affect of further discolouring the groundwater. The river pools are
discoloured under present conditions, (see chemical analyses for Frazer River
at bridge, Appendix B) especially during any periods where groundwater baseflow
predominates. The overall effect on water quality due to heavy mineral mining
neal’ the watercourses is assessed as being small. It is considered that mining
will not affect the guantity of groundwater being discharge into the river.

3.7 Groundvater Chemistry

On-site chemical analyses (specific conductance, pH, Eh, temperature and
dissolved oxygen) are given in Table 3.3 and the variation in specific
conductance shown on Figure l4. Inorganic chemical analysis for P6, F9, P37
and P52 as well as surface water samples ave given in Appendix B.

Groundwater with specific conductance values less than 1000 uS/cm occurs in the
sand throughout the Lanherne and Milford Beach area except in the previously
mined area where salinity ranges from 1118 to 2469 uS/cm. These higher values
appear to be associated with the use of sea water, (see chemical analyses for
P9 Appendix B) and caustic soda (P6) for mineral separation and processing
during the previous mining operation. The specific conductance values measured
in February 1989 are lower than those recorded in May 1988 (Report G65/1).
Except for this localised higher salinity zone the areas within the sand
complex should contain groundwater less than of 1000 yS/cm. The salinity of
water north of drill line 1000N increases to the east as the residence time of
groundwater in contact with the sand aquifer increases from recharge to
discharge areas.
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15 TABLE 3.3
ON-SITE CHEMICAL ANALYSES RESULTS-FEBRUARY 1989 — NARACOOPA - KING ISLAND
SPECIFIC
BORE KO SLOTTED/SCREENED CONDUCTANCE pH Eh TEM-PERATURE DISSOLVED OXYGEN COMMENT
INTERVAL (m) (uS/cm) (°C) (0amg /1) (Z 02)

Pl 3-10 279 6.27 291 18 4.2 43

P2 4.5~7.1 5726 6.10 268 4.2 45 Brown

P3 3.2-6.5 916 5.33 241 4.8 50 '

P4 1.5-2.7 691 5.48 61 4.4 47

P5 4.5-7.5 32 6.44 188 3.0 29

Pé 6.5-1.0 2461 6.19 120 4.7 45

P7 4.8-8.0 1261 6.1 273 4.3 40 Light brown

P8 1.6-4.0 2469 5.8 186 2.3 25 Dark brown

P9 8.4-11.4 1118 6.4 179 2.9 30

P18 6.0-10.0 318 6.6 208 3.2 36

P19 10.5-11.5 420 6.5 214 18 3.3 34

P20 8.0-9.0 391 4.4 285 4.4 40

P21 4.5-5.5 420 4,8 245 17.5 4.4 43

P37 2.7-3.7 768 3.91 616 10.4 1,1 Brown tinge, no smell,

g hours pumping.

P38 0 - 3.5

P39 0.5-3.5

P40 5.0-8.0 737 4.75 238 3.2 35

P41 5.0-8.0

P42 5.0-8.0 912 5.11 175 18.5 3.3 35

P43 0 - 6.0 340 5.57 186 . 3.2 33

P44 2.2-6.2 423 5.58 160 3.2 35

P49

P51 3.2-9.2 8925 3.87 19 Orange brown to black,
9 hours pumping

P52 rrees  11.3-12.37 627 6.06 203 4.7 45 Dark brown to black,
12 hours pumping

P53 414 5.06 249 4.2 47
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The light brown to black disccloration in the groundwater is due to the

presence of humic acids and the associated diagenetic indurated deposits which
are derived from decaying organic material under a reduced environment within
the sand dune. Under such conditions the water is somewhat acidic (pH=3.9 to
6.6, average 5.3) and hydrogen sulphide gas is commonly present. Groundwater
in the sand aquifer is oxygen deficient having a dissolved oxygen range of 1.1
to 9.3 mg/l with an average of 4.6 mg/l as compared to the solubility of oxygen
in surface water at 18°C which is 9.5mg/1 (Linsley & Franzini, 1972, Table 19-
3, P. 19-4). ,

The inorganic chemical analyses of groundwater from production bore (P52) and
spearpeint (P37) indicate a low salinity, acidic, Na:Cl dominant wvater with a
slight to high discoloration and low concentration of trace metals. No
bicarbonate anion is present. 'Bore P52 has a very high biological
concentration which makes it unsuitable for human consumption; the reason for
such content is not know. Spearpoint P37 has a slightly excessive
concentration ¢f iron which if used directly may cause minor brown staining.
Iron from groundwater can be effectively removed by adding alum to increase the
water pH; aeration for the conversion of iron from the ferrous to ferric state
(Fe2+-r-Fe3+); and a settling pond for the precipitation and thus separation of
iron species from solution.

3.8 Analysis and Method of Groundwater Withdrawal

It will be unecessary for large areas of the sand deposit north of Naracoopa to
be accessed to intersect small quantities of groundwvater throughflow without
overstressing the aquifer system. Because the depth to the water table on the
low permeability Pleistocene sand is 2.3 to 5.3m beneath the surface (at P52
and P5] respectively) and it contains high concentrations of carbonaceous:
cement a suitable method of groundwater withdrawal would be a series of low
yielding production bores. To extract 1 Ml/day it may be necessary to
construct at least 24 production bores over a length of 3km. Alternatively a
2.5km long spearpoint battery system with collector pipe and suction pump
buried some 2m beneath the surface may also be constructed to withdrav small
quantities of groundwater. '

The Recent interdunal system transmits groundwater from the Pleistocene sand to
the sea. The water level is around 2.5m beneath the surface, the aquifer
appears Lo contain less carbonaceous cement and consequently is more amenable
to groundwater withdrawal. The appropriate methods of groundwater extraction
in the interdunal system would be by spearpoint battery or collector trench.

Analysis using a theoretical relationship for lines of extraction points
tindicate that the extraction of 1 Ml/day should be possible along the base of
the Pleistocene sand on the vestern edge of the interdunal system using a
spearpoint or collector trench system. The required annual utilization of 365
Ml is 50% of estimated average annual recharge or 33X of groundvater in storage
within the Pleistocene sand. It would be required to intercept about 60%Z of
the groundwater that paturally drains to the ocean. An efficient means of
groundwater interception would be the construction of laterally continuous
collector trench systems over a 2km length of interdunal sand and sunk to the
base of the saturated sand. Construction of deep trenches in saturated sand
may prove difficult. If spearpoint batteries were to be used each spearpoint
should penetrate the full thickness of the saturated sand deposit and be spaced
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50m apart. Each point should yield 20m3/day, thus at least 50 spearpoints
would be required over a 2.5 km length of groundvater extraction. It should be
possible, with careful design and planning to use one vacuum pump to withdraw
groundvater from a spearpoint battery over 2.5km. Based on the present
assessment of aquifer transmissivity of 10 mzfday, a hydraulic gradient of 0.0¢
would be required to support this extraction rate. It should be stressed that
only 1 pump test has been carried out in the interdunmal area and so the
hydrologic continuity along the 2.5 km area has not been determined. BHand
augering for heavy mineral exploration indicates that several metres of
saturated sand is present within the interdunal system from the Milford Beach
deposit to Rocky Creek. Water level monitoring will be required to monitor the
response of the aquifer to groundvater withdrawals.

3.9 Salt Water Encroachment

In a coastal environmeni where the hydrostatic gradient is towards the sea a
fresh water/salt water interface boundary develops. If excessive groundwater
withdrawval occurs within the low salinity sediments and the radius of influence
extends to the interface boundary, salt water will migrate landwards and
contaminate the coastal aquifer with deleterious results.

At Naraccopa the basement clay dips to the east being about RLO.4m beneath the
frontal dune and just below sea level on the beach. The standing vater level
in the interdunal aquifer 50m from the shoreline is RL1.5m. If the water level
was drawndown to near the base of the sand aquifer, (say RLO.6m) the

radius of influence would not extend to the shoreliue dye to the

topography of the sand:clay boundary; the drawdown at the spearpoint being
above mean sea level; as well as due to the hydrostatic head of water in the
adjacent Pleistocene sand system. Thus it is unlikely that salt water
intrusion would occur by withdrawing groundwater from the interdunal system.

3.10 Use of Sea Vater

Comments on the viability of utilising sea water as a source of dredge pond
make up water instead of low salinity groundwater are given. Sea water vas
used for the previous mining operations between 1968 to 1977.

I1f sea vater was used as dredge pond make up water, most of the water would
initially be retained within the tailings. Seepage of this saline water would
eventually ocecur from the dredge pond mound direct to the aquifer and in the
long term rainfall would flush the salt from the tailings. Assuming that the
tailings are replaced and shaped similar to the pre-mining topography it can be
expected that the shape of the post mining water table would approximate
present conditions. Groundwater discharge from the mined area will therefore
be maintained towards the sea and Frazer River. Therefore from commencement of
mining the groundwater around the mining activity would gradually increase in
salinity, reach a peak and then gradually recede as all of the salt water is
removed by drainage from the sand aquifer. This will occur over a long period
of time and conditions will not return to present natural conditions until well
after mining ceases. The current groundwater chemistry study has shown that 10
years after completion of the previous mining event saline wvater is still being
flushed from the agquifer.

The introduction of saline groundwater would have the effect of killing all
non-salt tolerant vegetation in the surrounding area of contamination,
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freshwater marine life in the river pools and destroying the natural habitat
many other forms of animal life. The introduction of salt water for mining

purposes on the sand would have deleterious effects on the aquifer system for
long period of time.

Initially only very salt tolerant vegetation could be planted for revegetatio
of the tailings, but with time and as flushing of salt occurs, these could
eventually be replaced by non-salt tolerant plants. Again it must be stresse
that this would occur over a long period of time. '

3.11 Assuyrance of Water Supply

Due to the presence of low permeability indurated sands at Naracoopa the
aquifer does not form an ideal groundwater supply system. The study on the
Pleistocene system indicates that a large number of low yielding production
bores, (»24) or an extensive buried spearpoint battery system would be
necessary to extract the water requirement. The hydrologic characteristics of
the Recent, less indurated interdunal system and its shallow potentiometric
surface indicate that an extensive spearpoint batteryipf a trench system shoult
yield 1 Ml/day from the groundwater regime. oC :

The required mine water supply of 1 Ml/day is 68% of the estimated groundwater
discharge towards Sea Elephant Bay and 13% of wvater in aquifer storage. If a
spearpoint battery or trench was developed at the base of the Pleistocene
deposit along a 2.5km length of interdunal sand (out of the 4km length south of
Rocky Creek) it appears likely that even if all groundwater passing this
section was intersected, some water from storage would also be required. The

estimate of groundwater availability to the trench or spearpoint system assumes
that such quantity can be drained from the higher indurated Pleistocene sand.
It further assumes that the saturated sand along the interdunal system is
hydrologically continuous over the length to be utilised. Before an extensive
trench or spearpoint battery system is developed it is recommended that a trial
250m length be constructed and pumped over an extended periad to determine the
applicability of the water interception/withdrawal method before a full scale
production field is developed.

Additional mine water may be available from the Frazer River upstream of the
ridal limit and pumped into a storage facility. No hydrological information on
the Frazer River has been obtained.

The risk of salt water intrusion from Sea Elephant Bay into the unconfined sand
aquifer appears to be small. It appears that potable water is not available
from the sand aquifer (based on bacteriological, colour and iron
concentration). It may be necessary to obtain such a supply from a surface
catchment source,

Alternative sources of water that may require study include surface water
catchments and the use of reverse osmosis sea water treatment. Reverse osmosis
occurs when a pressure is applied to a saline solution in a pressure chamber
forcing water of low salt content through a semi-permeable membrane leaving
behind most of the dissolved salts. Such treatment is availlable to reduce sea
wvater to less than 1000 nS/cm but the capital cost of a treatment plant to
supply 1 Ml/day is high.
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The required quantity of groundwater appears to be available from the aquifer
system south of Rocky Creek to Naracoopa but extensive lengths of

trenches or spearpoint batteries would be required and the capital cost of sucl
an interception scheme will be expensive. A careful water management scheme is
required to effectively utilise and re-use the mine waste water to reduce the
quantity of groundwater required from the aquifer system.

4.0  HYDROGEOLOGY OF THE COVPER POINT AREA

Twenty regional groundwater test holes were drilled in the Cowper Point area
(Figure 4) of which 15 were converted to observation piezometers. A productior
bore (P50) and a spearpoint (P49), were constructed in the High Dune regien anc
pump tested to determine aquifer hydrologic characteristics. The production
bore and spearpoint were sited in the topographically low interdunal region
between the outer and inner aeolian dunes where the depth to the water table
was shallow. Additional observation piezometers were installed nearby to
measure wvater level fluctuation during periods of groundwater withdrawal.
Construction details are given in Appendix A, inorganic chemistry of

groundvater from P50 in Appendix B and representative plots of water ievel
drawdown during pumping on Figures 16 to 22.

Only the High Dune area has been studied in sufficient detail to estimate

available groundwater vithdrawal. No pump tests were carried out in the Back
Beach area.

4.1 Aquifer Identification

Both the High Dune and Back Beach deposits are underlain by an unconfined to
semi-unconfined aquifer of aeolian and beach origin. The total area behaves as
part of one aquifer system of variable permeability. Where the sand is silty
and the carbonaceous indurated horizons are present the aquifer is assumed to
have relatively lov permeability compared to that in the central High Dune
region where the diagenetic deposit is absent. No perched aquifers are known
to occur in the High Dune region. Blovhole Creek truncates the sand near Sea

Elephant Bay and partially hydrologically separates the northern aquifer system
from the southern sand deposits. ’

The basement calcareous sandstone underlying the High Dune is assumed to have

little potential as an aquifer to supply the mine requirement. All test bores
vere terminated when basement vas intersected thus hydrogeological testing of

the hard rock wvas not carried out. The high plasticity clay basement,

intersected beneath the Back Beach deposit is assumed to have no potential to
supply any usable groundwater.

4.2 Thickness of Saturated Sand

Table 4.1 and Figures 6 and 15 indicate the thickness of saturated sand
(measured February 1989). Due to large variations in surface topographic
relief over short distances the saturated zones appear irregularly distributed
within the High Dune area {(eg. P23, P24). The thickness of saturated sand
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SUMMARY OF BORE LOCATION, WATFR LEVEL (FEBRUARY 1989), SATURATED THICKNESS AND DEPTH TQ BEDROCK - COWPER POINT - KING ISLAND

SATURATED

BORE N0  CO-ORDINATES  SURFACE RL  TOTAL DEPTH CASING "SW.L. (m) DEPTH TO BEDROCK
) {m)* {(m) STICK UP BELOW CASING BELOW CL  RL THICKNESS GL RL TYPES*
51 (m) (m)
L
P14tk 6.0 5.8 C
Pl5*kk# 5.5 5.2 c
Plo*#* 5.5 3.3 C
P17%%% 6.3 6.3 c
P22 2320E 4350R 4.1 8.0 0.45 2.95 2.5 1.6 5.5 8.0 -3.9 C.s
P23 2560E 3750N 16 9.1 0.68 8.86 8§.18 7.82 0.92 9.1 6.9 C.8
P24 2520E 3750N 12 12.5 0.50 5.11 4.61 7.35° 7.83 12.5 ~0.5 C.§
P25 2480E 3450N 7 6.25 1.18 3.78 2.6 4.4 3.65 6.25 .75 C.5
P26 2440E  3450N 9 7.2 0.63 4.68 4,05 4.95 3.15 7.2 1.8 €.S
P27 2400E  3450N 9 6.25 0.52 4,09 3.57 5.43 2.68 6.25 2.75 C.5
P2§ 2320E 3450N 9 9.0 0.56 4.76 4.2 4.8 3.7 7.9 1.1 C.§
P29 2240E  3450N 7 5.5 0.92 2.22 1.32 5.68 4.18 5.5 1.5 C.8
P30 1320N  3150N 12.5 7.5 0.15 1.04 0.89 11.61 6.61. 7.5 5 cC.8
B3l 840E 3150N 13 5.25 0.33 0.69 0.36 12.64 4.89 5.25 7.75 o
P32 1000E 2200N i2 6.0 0.10 0.94 0.84 11.16 5.16 6.0 6 C.S
P33 1880E 2200N 4.5 3.0 0.27 1.49 1.22 3.26 1.76 3.0 1.5 C.8
P34 1000E 1600N 13 3.5 g.11 1.81 i.7 11.3 1.8 3.5 9.5 C.§
P35 2100E 23500N 4.5 15.0 0.63 1.0 0.35 4.15 15.0 C.S
P36 2308E 4378N 6 6 0.5
P45 2308E 4378N 6 8.5 0.5 2.08 1.5%9 4.41 5.81 7.4 -1.4 C.§
P4s 2320E 4320N 6 9.5 0.5 3.57 3.07 2.93 6.33 9.4 -3.4 C.s
P47 24B1E 3462N 7 6.6 0.5 2.51 2.01 4.99 4.49 6.5 0.5 C.5
P48 2291E  4341W 6 5.6 0.5 3.63 3.13 2.87 2.47 5.6 G.4 C.S
P49 2481E 3448N 7 6.5 Q.5 2.61 2.11 4.89 4,39 6.5 0.5 C.S
P50 2310E 4340N 6 7.5 0.5 2.51 2.01 3.99 5.29 7.3 ~1.3 C.S8
* R.L Approximate from orthophotomaps
*% (.8 Calcareous Sandstone
C = Clay
**k% Pl4, P15, Pl6 & P17
or ¥
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under the High Dune varies from 0.92 to 7.85m with a general trend for
thickness to increase to the north. The average saturated sand thickness

beneath the High Dune system is taken as 4m.

The saturated sand is less than

Zm thick to the south (P33 or P34) but in the slightly elevated strand line of
the Back Beach deposit saturated sand thickness varies from 4.9 to 6.6m.
Blowhole Greek truncates the sand to bedrock near Sea Elephant Bay and forms
the scouthern extremity of the partially isolated northern sand body.

The total sand areas beneath the High Dune and the Back Beach deposits, which
form part of the total northern aquifer system are 130 & 54 hectares
respectively. The areal extent of non-carbonaceous sand beneath the High Dune

area is approximately 60 hectares.

4.3  Aquifer flydrologic Characteristics

The aquifer hydrologic charactieristics of the clean sand unit beneath the High
Dune, as assessed f[rom the pumping testis are given in Table 4.2,

TABLE 4.2

PUMPING TEST RESULTS - COWPER POINT - KING ISLAND

Pumped Ob=servation Distance Transmissivity Storage Method of
Bore Piezometer Pump Bore (m) (mzlday) Coefficient Analysis
P49 138 Recovery
P25 2.0 135 6.6 x 102  Recovery
P47 30 90 4.25 % 102 Type Curve
P26 40
r25,P47,P26 78 Distance/Drawdown
P50 234 Cooper-Jacob Drawdown
259 Recavery
P22 10.9 348 2.4 x 107Z  Type Curve
. 739 1 x 10-3 Recovery
P45 40 No measurable water level drawdown
P46 2.2 4309 0.34 Type Curve
400 3.5 x 10-2 Recovary
P48 18.2 174 1.2 x 1072 Type Curve
6062 Recovery
P22,P45,P40, P48 176 Distance/Dravdown

Production bore P50 was pumped at a constant
with a water level drawdown of l.56m (29% of

rate of 105m3/day for 12 hours
saturated thickness). This

pumping tate is ten times the groundvater yield from the production bore at

Naracoopa (P92) with a smaller water level d
transmissivity ranges from 176 to 739 m /day
clean, 4m thick, coarse grained sand aquifer
wl/day (Todd, 1980, p.38).

ravdown. The estimated
Transmissivity values for a
usually range between 200 to 400
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Storage coefficient values for an unconfined aquifer after prolonged periods of
pumping should approach the specific yield value of 0.1.

Results of pumping spearpoint P43 at a constant rate of 45 m3/day for 10 hours
indicate the presence of a less permeable sand aquifer. The aquifer has an

absence of carbonaceous cementé silt and peat. The aquifer transmissivity was
estimated between 90 and 138 m=/day.

The carbonaceous cemented sand, where present beneath the High Dune area
appears less concentrated and consolidated than in the Back Beach and Naracoopa
areas. For this less pelmeable part of the High Dune aguifer system a
transmissivity value of 20 m 2/day would be appropriate.

4.4 Aquifer Storage

Based on a clean aquifer area of 60 hectares, an average sand thickness of 4m
and a specific yield of 0.1 the volume of water stored in the non-carbonaceous
section of the High Dunes would be 250 Ml. The estimated volume of groundwater

in storage in the High Dune deposit including the carbanaceous cemented
horizens is 400 Ml.

4.5 Aquifer Recharge/Discharge

Recharge to the aquifer system would be from precipitation. Na surface
watercourses are present in the High Dunes. There is a general absence of peat
and perched aquifer systems. A recharge value of 50% is taken as rainfall
infilrration, the remainder being lost through evapotranspivation.  The average
annual rainfall is 912mw. Assuming an area of 130 hectares the annual recharge
to the High Dune area is 393 Ml (1.6 Ml/day).

The potentiometric surface indicates that groundwater‘discharge is eastwvards
directly into Sea Elephant Bay or westwards from the High Dunes to surface
watercourses and swamps which drain into the Sea Elephant River or Blowhole
Creek and associated tributaries or is lost by evapotranspiration.

4.6 Interrelationship between Groundvater and Surface Water

The elevated potentiometric surface in the High Dunes maintains groundwarer
drainage by gravity towards the central swamps, the sea and surface
watercourses. Blovhole Creek is usually dry along the Back Beach deposit
during February to April each year. There is no visible evidence of baseflow
intg the extensive tidal estuary of Sea Elephant River although the
potentiometric surface indicated thal groundwater movement from the northern
section of the liigh Dunes is towards this vatercourse.

The development of borefields in the interdunal system within the High Dune
sand system between 3000 and 40650N would have negligible effect on baseflow to
the Sea Elephant River or Blowhole Creek as they are beyond that part of the
aquifer which contributes groundvater flow to these watercourses. The
reduction in the potentiometric surface around the borefield would create
additional vaid space which would assist in the accommodation of additional
recharge water to the aquifer system.

|
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Heavy mineral mining close to the Sea Elephant River would not induce salt
water intrusion as long as the water level in the dredge pond is maintained
above river level.

When the dredge pond is leocated in the carbonaceous cement and iron rich
sections of the High Dunes it is expected that the groundwater would become
more discoloured due to the disturbance of the cement and the oxidation and
remobilisation of the iron. Seepage from the pond in this environment would not
increase salinity but may marginally increase the colour of groundwater
discharging to the surface or towards the borefield.

4.7 Groundvater Chemistry

On-site chemical analyses of groundwater from the observation piezomaters and
production facilities are given in Table 4.3 and the variation in specific
conductance shown on Figure 15. Inorganic chemical analyses for production
bore P50 is given in Appendix B.

Groundwater with specific conductance less than 1000 uS/cm is located along the
High Dune and Back Beach recharge aveas with salinity increasing along the
groundwater flow path. Higher salinity groundwater (up to 1370 upS/cm) is
located in the northern part of the High Dunes around P50 and 1760 pS/cem in the
swvamp along drill line 3450N. Inorganic chemical analyses of groundvater from
P50 indicate a neutral, colourless to light brown, Na:Cl type water enriched in
calcium and bicarbonate. Dissolution of shells within the northern sand
deposit has taken calcium and bicarbonate inte solution. It is likely that
higher concentration of discolouration occurs in the High Dunes where
carbonaceous cement is present.

Dark brown, acidic water, (pH = 3.6-6.4) with a hydrogen sulphide smell
dominates in the carbonaceous cement rich Back Beach area.

No bacteriological analyses of grourndwater in the High Dune area was
undertaken.

v

4.8 Computer Modelling Results and Method of Groundvater ¥Withdrawal

A two dimensional, finite element model of the Cowper Point region was
developed to assess relationships between groundvater recharge and observed
groundvater levels. Figure 23 shows the finite element model which comprises
approximately 330 triangular and rectangular isoparametric elements. The
eastern bhoundary, corresponding to the c¢oastline was assigned as a constant
head boundary. The western boundary, corresponding to the western limit of the
dunal system was assigned as a no flow boundary. The northern boundaries are
no flow boundaries chosen to correspond with assumed groundwater flow lines. A
transmissivity of 20 m?/day was adopted for the indurated horizons and a
permeability of 30 m/day was adopted for the clean sands. An impermeable
basement at RL Om was assumed. The hydrolegic uniformity throughout tha clean
dune system has not been established, although permeable aquifer parameters at
the two sites tested indicate that the hydrologic aquifer characteristics may
be consistent.
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& TABLE 4,3
ON-SITE CHEMICAL ANALYSES RESULTS-FEBRUARY 1989 - COWPER POINT - KING ISLAND
SPECIFIC
BORE NO SLOTTED/SCREENED  CONDUCTANCE  pH Eh TEMPERATURE DISSOLVED OXYGEN COMMENT
INTERNAL (m) (uS/ca) °) (0zmg/1) (% 03)
P22 7.0-8.0 672 6.64 212 2.2 24 Light brown, no smell
P23 8§.1-9.1 656 6.23 239 7.3 66 . Colourless
P24 11.5-12.5 693 6.4l 242 6.3 &6 Colourless
P25 5.75-6.253 936 7.05 224 25 9.3 90.7 Colourless
P28 6.2-7.2 839 6.21 235 3.8 34 Weakly brown
P27 5.25~6.25 915 6.41 239 3.9 36 Colourless
P28 £.5-7.9 §38 A4 145 4.0 39 Light brown
P29 4.5-5.5 493 6.3 192 8.2 77 Light brown
P30 6.5-7.5 1361 5.69 63 25 5.3 51 Brown
B3l 4.25-5.28 497 1.6 497 25 3.5 32 Brown H,S
P32 5.0-6.0 1480 5.4 255 7.1" 75 Brown H.S
P33 2.0-3.¢ 1292 6.34 97 1.1 12.9 Brown
P34 2.5-3.5 752 6.6 102 3.4 36 Brown
P35 14.0-15.0 1375 6.91 203 18 3.7 42 Brown
P36 .
P45 2 - 8.5 1238 6.31 211 17.5 4.8 61
P46 2~ 6.0 1208 6.81 203 18.1 5.4 57
P47 0 - 4.0 971 .25 2.01 5.6 42 Dark grey, milky HjS
P48 4 ~ 5.6 18
P4LY 5.2-6.0 891 6.14 189 4.6 47 . Colourless, weak HzS - 9hx
Pumping
P50 5.9-6.9 1580 7.3 79 1N 17 aAfrer 12 hours pumping.
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Figure 23 shovs calculated groundwater contours under a steady rainfall
infiltration rate of | mm/day (365 ma/year). The computer model indicates that
the hydraulic gradient towards the sea would be of the order of 0.5m in 10Qm.
This computed value is much lower than the observed gradient of about 3m per
100m. This anomaly could be explained by the existence of a hydrologic barrier
to outflow along the sea shore. No direct evidence of such a barrier has been
found,

Analysis indicates that the extraction of | Ml/day may be possible by the
establishment of spearpoint battery withdrawal facilities that fully penetrated
the saturated aquifer thickness along the interdunal section of the High Dune.
EBach point should yield 20 m3/day and be spaced 25m apart, thus at least 50
points would be required over a 1.25 km length of groundwater extraction. The
required annual utilisation of 265 M1l is about 60% of estimated annual recharge
to the High Dune aquifer system and 90% of groundvater in storage. It would be
physically impossible to intercept the total natural drainage from the dunes
thus additional groundwater must alsc be taken from aquifer storage for an
adequate supply for the mining operation.

The depth to the water table beneath the interdunal section of the High Dunes
varies from 2-3m beneath the surface. It would appear that spearpoint
batteries in the configuration suggested would be an appropriate, economic
method of groundwvater extvaction. If insufficient water is withdrawn aiong the
1.25 km length of extraction additional spearpoints can be installed to expand
the spearpoint battery.

It would be necessary to monitor the aguifer behaviour due to groundwater
vithdrawals by the measurement of water levels in observation piezometers near

the spearpoint battery.

The availability of low salinity surface water to supply the mine water
requirement is assessed as poor.

4.9 Salt Water Tutrusion

Under natural conditiens the hydrostatic head within the High Dunes maintains
the fresh water/salt water interface in the sand aquifer towvards the Sea
Elephant River and Sea Elephant Bay. Salt water intrusion may occur if
excessive groundwater withdrawal takes place and where the radius of influence
from the spearpoint battery is in hydrologic connection with the interface
boundavy.

At Covper Point the calcareous sandstone bedrock occurs as a shallow bedrock
platform at RL1 to RL-2m. The standing water level in the clean sand aquifer
along the interdunal section of the High Dune varies from RL2 to RL5m. If a
spearpoint battery was developed along the N-S interdunal area between 3400N
and 4650N and the water table was drawn down to 0.5m from the base of the
aquifer analytical calculations indicate that the radius of influence would not
intersect water from Sea Elephant Bay. Thus it is unlikely that salt water
intrusion would occur from the ocean with a spearpoint battery sited in the
defined interdunal area. Salt water intrusion landwards from the Sea Elephant
River towards a spearpoint battery would occur if the withdrawal facility was
within a distance of 300m from the tidal watercourse. If the dredge pond was
between the Sea Elephant River and the spearpoint battery a positive
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hydrostatic head from the groundwater mound beneath the pond would be
established. Under this circumstance the withdrawal facility could be
established up to 100w from the tidal watercourse without salt water intrusion
accurring.

4.10 Assurance of Water Supply

The clean aquifer system beneath the High Dune at Cowper Point appears to have
good hydrologic characteristics, The presence of shallow bedrock, thin aquifer
thickness and carbonaceous cement west of the clean sand restricts the
groundwater yielding potential of the area. The required mine water supply of
| Ml/day should be available from the aquifer beneath the High Dunes. This
water demand is 60% of estimated recharge to the aquifer system and 90% of
groundwater in storage. It is unlikely that groundwater yield in excess of 1
Ml/day could be extracted from the High Dune system. It will be necessary to
withdraw groundwater aver a large area (1.25km) for long term operations or
over shorter distance for intermittent supplies. An appropriate means of
groundwater extraction is by spearpoint battery.

The risk of salt water intrusion from Sea Elephant Bay into the aquifer is
small. Salt water encroachment from the Sea Elephant River is possible if the
spearpeint battery is located close to its shore.

(13

It is recommended that a 500m length of spearpoint battery be initially
established and pumped over an extended period of time with monitoring of water
levels in nearby observation piezometers. Additional spearpoints can be added
as required to increase the groundwater extraction rate.

The upper limit of groundwater extraction in the Uigh Dune appears to be |
M}/day and should not be exceeded until the aquifer system has been monitored
ovelr an extended period of time. A careful water management scheme is rvequired
to effectively utilise and re-use the mine waste vwater to reduce the quanticy
of groundwvater vequired from the clean agquifer system.

5.0 THE TASHANIAN GOVERNMENT GROUNDVATER ACT (1985)

The following notes avre extracted from a paper given by Mr. P.C. Stevenson,
Supervising Geologist, Groundwater, Department of Mires Tasmania to a Workshop
in Sydney (October 1987). The neotes are infended to provide an insipht into
the Government's policy on groundwvater extraction and protection.

5.1 Allocation Principles

The fivrst allecation principle is seen in Section 8 of the Groundwater Act
(1985) in the duties of the Director. This states, inter alia, that the
Director must obtain and eollate all possible information on groundwateir, that
he must ensure that a high quality is maintained, that supplies are not unduly
depleted, and that "... groundwater is utilised equitably in the best interests.
of Tasmania...". This seeks to inculcate a spirit of co-operation which is
amplified by other provisions of the Act., The second principle is Section 16
relating to Well Orders. If any of the principles enshrined in his duties are
offended against, then the Director may, by order served on the owner or
occupier, direct him to do one or more of a whole range of fundamental things
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to his bore, including filling it in, restricting discharge, using the water
for specified purposes only, and so on.

5.2 Legislation

The Act states that an owner or occupier may take groundwater for his
reasonable requirements. Considerations of ownership are not entered into.

There are no proclaimed areas as yet, but one is under con31derat10n and
monitoring, and two others have been suggested.

5.3 Licensing

The licensing of drillers is not required.

Bore construction permits are not required in the first instance, except in
future proclaimed regions.

5.4 Allocation

There will be "equitable" sharing of groundwater which is in the best interests
of the State.

As far as conjunctive use is concerned, the nature of the aquifers makes the
concept rather academic, but the Act allows for it in its requirement for co-
operation between the surface water and the groundwater authorities - the duty
to consuylt.

Vater mining, (excessive groundwater withdrawals) is pessible, but has not yet
arisen,

There is a permit fee, which is set at $50.

Maetering can be required as a permit condition in a proclaimed region or as a
result of a well order in any region. The meter is provided and owned by the
Government, which is alse responsible for maintenance. There is no intention
at the moment for metering to be widely used, so that the cost is unlikely to
be very significant, and is absorbed into the annual costs of the monitoring
programme.

Restrictions on permits -~ "conditions", can be placed on when permits are
issued in proclaimed regions, or can be placed anywhere at any time by means of
the well order.

5.5 Impact of Allocation Policies on Environmental Issues

The Groundwater Act (1985) post-dates the setting up of the Department of the
Environment, and powers in respect of pollution are now shared with that
authority. This takes the form of a requirement to consult which acts
reciprocally on both authorities. Whenever consultation takes place, the
matter must also be taken up by the Advisory Committee,

Quite apart from the joint powers with Environment, one of the items left over




[

T
=a
&2
P
w0
b

Cotley & Partners Puy. Ltd.

™

A
G65/3-AB
lith april, 1989 31.

a

i

1

u

il ER NN GNE NS NS PN BE e

Lrom the 196G Act is an offence carrying a_penalty of $5000 for the pollution
of groundwater, and now incorporated in the new Act.

The twin approaches on environmental issues is that of persuasion to co-operate
in equitable distribution, and the threat of well orders. These could be
invoked in the event of an increase in salinity in exploited groundwater. This
particular hazard is -not likely on a big scale, but is already being
experienced in sand dune aquifers supplying water to golf courses in Tasmania.
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GLOSSARY OF GROUNDWATER TEEMS

This groundwater glossary has been compiled to assist in the use of this
report. Some of the definitions given are not scientifically rigorous, but
should not cause misunderstanding in common groundwater situations.

Groundwater terminology in Australia generally follows the traditional
British nomenclature. Loman et.al. (1972) gives a terminology widely used
in the USA which is probably much nearer to common international usage.

ACID

Any chemical compound containing hydrogen capable of being replaced by
positive elements or radicals to form salts. In terms of the dissociation
theory, it is a compound which, on dissociation in solution, yields excess
hydrogen ions. Acids lower the pH. Examples of acids or acidic substances
are humic acid, hydrochloric acid and tannic acid.

AERATION

The process of bringing air into intimate contact with water, usually by
bubbling air through the water to remove dissolved gases like carbonm
dioxide and hydrogen sulfide or to oxidize dissolved materials like iron
compounds .

ALKALINE

Any of various soluble mineral salts fouand in natural water and arid soils
having a pH greater tham 7. 1In water analysis, it represents the
carbonates, bicarbonates, hydroxides, and occasionally the borates,
silicates, and phosphates in the water.

ANION

A negatively charged ion that migrates to an anode, as in electrolysis.

ANION EXCHANGE

Ion exchange process in which anions in solution are exchanged for other
anions from an ion exchanger.

ANISOTROPIC

Having some physical property that varies with direction.

AQUIFER

An aquifer is a body of saturated rock or soil containing a system of

interconnected voids sufficient to yield significant quantities of water to
bores, dugwells or springs.

™=/
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BEDROCK

A genergl term for the rock, usually solid, that underlies soil or other
unconsolidated material.

CAPTLLARY FRINGE

The zone at the bottom of the vadose zone where groundwater is drawn upward
by capillary force.

CAPACITY

The capacity of a bore is the maximum rate at which water has been, or
could be, withdrawn from the hole. The capacity of a bore commonly
decreases as the period of continuous pumping increases.

CATION

An ion having a positive charge and, in electrolytes, characteristically
moving toward a negative elecrrode.

CONE OF DEPRESSION

The cone of depression measures the extent and amount of lowering of the

potentiometric surface by the withdrawal of water from a bore or group of
bores. 1t varies in size and shape with the rate and duration of
withdrawal and the nature of the aquifer.

CONFINED GROUNDWATER

Confined groundwater is held in an aquifer at a pressure greater than
atmospheric by the presence of an overlying confining bed. This bed has a
distinctly lower hydraulic conductivity than the aquifer.

CONFINING BED

A confining bed is a body of less permeable material overlying or
underlying an aquifer. This term is now preferred to the terms
"AQUICLUDE"™, AQUIFUGE" and AQUITARD™.

DARCY'S LAW

A derived equation for the Flow of fluids on the assumption that the Fflow
is laminar and that inertia can be neglected.

DIAGENESIS

Process involving physical and chemical changes in sediment after
deposition that coaverts it to consolidated rock; includes compaction,

cementation, recrystallization, and perhaps replacemeat as in the
development of dolomite.
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DISSOQOLVED OXYGEN

The amount of oxygen dissolved in water or sewage, expressed in parts per
million (ppm) by weight, or milligrams per liter (mg/l).
DEAWDOWN

The drawdown at a point in an aquifer is the lowering of potential due to
the withdrawal of water from an adjacent bore or dugwell.

ELECTRICAL BRESISTIVITY

The property of a material which resists the flow of electrical current
measured per unit length through a uait cross-sectional area.

EVAPOTRANSPIRATION

Loss of water from a land area through transpiration of plants and
evaporation from the soil,

GROUNDWATER

Groundwater is the water in the saturated zone.

HARDNESS

A property of water causing formation of an inscluble residue when the

water is used with soap. It is primarily caused by calcium and magnesium
ions.

HEAD

The static head is the height above a standard reference datum of the
surface of a column of water that can be supported by static pressure
against the pressure of the atmosphere. The static head is the elevation
of the water table above the datum. Within the zone of saturation the
static head is the sum of the elevation of the measurement point above

datum and the pressure of the water at that point relative to atmospheric
pressure,

HEAVY MINERALS

The accessory detrital minerals of a sedimentary rock, of high specific
gravity, which are separated in the laboratory from minerals of lesser
specific gravity by means of liquids of bigh density, such as bromoform.
Examples include zircou, rutile, ilmenite, monazite and tourmaline.

HETEROGENEQUS

Non-uniform in structure or cowposition throughout.
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HOLOCENE

Recent; that period of time (an epoch) since the last ice age (120,000
years B.P) also the series of strata deposited during that epoch.

HOMOCENEOUS

Uniform in structure of composition throughout.

HYDRAUGLIC CONDUCTIVIYTY

Hydraulic conductivity is a measure of the ease with which water, in the

conditions prevailing in the aquifer, can flow through rock or seoil. It 1is
measured as the flow per unit cross sectional area under unit hydraulic
gradient.

HYDRAULIC GRADIENT

a given direction. If not specified, the direction geunerally is understood
to be that of the maximum rate of decrease in head.

HYDROGEOQLOGIC

Those factors that deal with subsurface waters and related geologic aspects
of surface waters.

INDURATED

Rendered hard; confined in geological use to masses hardened by heat,
baked, etc., as distinguished from hard or compact in natural structure.

In modern usage the term is applied to rocks hardened not caly be heat, but
also by pressure aad cementation.

INFILTRATION

Infiltration is the movement of water through the ground surface into small
vaids 1n either the saturated or unsaturated zone.

INTERFERENCE

The condition occurring when the area of influence of a water well comes

into contact with or overlaps that of a neighboring well, as when two wells
are pumping from the same aquifer or are located near each other.

10N

An element or compound that has gained or lost an electron, so that it is
no longer neutral electrically but carries a charge.

The hydraulic gradient is the change in static head per unit of digstance in
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LAMINAR FLOW

Water flow in which the stream lines remain distinct and in which the flow
direction at every point remains unchanged with time.

It 1is characteristic
of the movement of groundwater.

METAMORPHIC ROCKS/METAMORPHOSED

Any rock derived from pre-existing rocks by mineralological, chemical,
and/or structural changes, essentially in the solid state, in response to
marked changes in temperature, pressure, shearing stress, and chemical
eavironment, generally at depth in the Earth's crust.

MUDSTONE

Mudstone includes clay, silr, siltstone, claystone, shale, and argillite.
It should only be used when there is doubt as to precise identification of
when a deposit consists of an indefinite mixture of clay, silt, and sand

particles, the proportions varying from place to place, so that a more
precise term 1s not possible, '

OBSERVATIOR PIEZOMETER

A bore drilled in a selected location for the purpose of gbserving
parameters such as water levels and pressure changes.

ORTHOQUARTZITE

A clastic sedimentary rock composed of silicacemented quartz sand. The

cement 1s commonly deposited in crystallographic continuity with the quartsz
of the worn grains.

OXIDATION

The combining of an element with oxygen.

PERCHED GROUNDWATER

Perched groundwater is separated from the main underlying body of
groundwater by an unsaturated zone. Where it is unconfined, it has a
perched water table. Perched groundwater is held up by a confining bed
whose hydraulic conductivity 1s so low that water percolating dowawards
through it i1s not able to bring water in the underlying unsaturated zone

above atmospheric pressure. Perched proundwater is a common, though not a
necessary, feature of recharge areas.

PERMEABILITY

The permeability of a rock or soil is a measure of the ease with which
fluids can flow through it. In physical terms it is independent of the

properties of the fluid but it is sometimes used as a synonym of hydraulic
conductivity.
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pH

A measure of the acidity or alkalinity of a solution, numerically equal to
7 for neutral solutions, increasing with increasing alkalinity and

decreasing with acidity. Originally stood for the words potential of
hydrogen.

PLEISTOCENE

The earlier of the two epochs ccomprising the Quaternary Period. Also the

Post~Pliocene glacial age, (120,000 to 32,000 years BP) which in the above
terminology implies the glacial age is over. Also the series of sediments
deposited during this epoch.

POROSLITY

The porosity of a rock or soil is its property of containing voids (spaces

' in the material not occupied by solid matter) and may be expressed
quantitatively as the ratio of the volume of the voids to its total volume.
With respect to the movement of water only the effective porosity, that due
to interconnected voids, is significant. Many confining beds are

l distinguished from aquifers by their low effective porosity and/or
extremely fine pore size, thus high specific retention rather than by

l differences in total porosity.

POTENTIAL

The potential of groundwater is the mechanical energy per unit mass of the
groundwater at a given point in space and time with respect to an arbitrary
state and datum. The groundwater potential 1s proportional to the head.

POTENTIOMETRIC SURFACE

A potentiometric surface is an imaginary surface defined by the potentials
at all points on a given plane in an aquifer. Where the hydraulic gradient
perpendicular to the aquifer is much less than the hydraulic gradient along
the aquifer it is reasonable to apply the concept of potentiometric surface
to the aquifer as a whole. Potentiometric surface is a synonym of
piezometric surface.

PRECAMBRIAN

All rocks formed before the Cambrian Period.

PUMPING TEST

A test that is cooducted to determine aquifer or bore characteristics.
RADIUS OF INFLUENCE

The radial distance from the centre of a bore to the point where there is

no lowering of the table or potentiometric surface (the edge of its cone of
depression).
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RECHARGE

Recharge of groundwater is the addition of water to an aquifer, either
directly from the surface, from the unsaturated zone, or discharge from
overlying or underlying aquifer systems.

RUNOFF
That part of precipitation flowing to surface streams.
SAFE YIELD

The aim of many investigations of groundwater resources is to estimate,
quantitiatively, the water available for the intended use This estimate is
often expressed as the "safe yield" or "sustained yield" of a groundwater
basin. it may be defined as the maximum rate at which water can be
artificially withdrawn from a groundwater basin without causing depletion
or deterioration of the resources to the extent that withdrawal at that
rate is no longer economically feasible, But it must be stressed that safe
yield, is not a fixed figure but must vary as hydraulic, economic and
technical factors change with time.

SALINITY

The total content of dissolved solids in groundwater, commonly expressed as
parts of dissolved solids per million parts of solution, or milligrams of
dissolved solids per litre of solution (mg/l). The significance of
salinity depends on the nature as well as the amount of the dissolved
solids. See also SPECIFIC CONDUGCTANCE.

SALT WATER ENCROACHMENT/INTRUSION

The phenomenon occurring when a body of salt water, because of its greater
density, invades a body of fresh water. It can occur either in surface or
groundwater bodies. The balance between the fresh and salt water, and
static situatlons, is expressed by Ghyben—Herzberg formula.

SANDSTONE

A sedimentary rock composed of abundant rounded or angular fragments of
sand set in a Fine grained matrix {silt or clay) and more or less firmly
united by a cemeating material.

SATURATED ZONE

The saturated zone is that part of a body of permeable rock or soil in
which all voids, large or small, atre filled with water under pressure
greater than atmospheric. The saturated zone may depart from the ideal in
some respects, A rising water table may cause entrapment of some air in
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the upper part of the zone of saturation and the lower part of the zone may
include accumulations of other fluids, including oil and natural gas.
Despite its name, the zone is defined by pressure conditions rather than
the filling of all voids with waters. Parts of the unsaturated zome, which
typically overlies the saturated zone, may have all pores filled with

water, but this water is at less than atmospheric pressure and cannot drain
from the rock into a bore or dugwell penetrating it.

SCREEN

4 filtering device used to keep sediment from entering a water well.

SEMI-CONFINED AQUIFER

A semi-confined aquifer is one where the confining bed has sufficient
permeability to allow some vertical water movement through the less

permeable layer to the aquifer, thus contributing water to the aquifer
system for withdrawal.

SEMI-UNCONFINED AQUIFER

If the hydraulic conductivity of the sediment above rhe water table is so
great that the vertical flow component from the vadose zone cannat be
ignored, the underlying aquifer is called a semi-unconfined aquifer. In

general, such aquifers do not release their water imstantaneously from
storage and exhibit what is called delayed drainage.

SPEARPOINT

A screening device, equipped with a point on one end, that is meant to be
driven or jetted into the ground.

SPECI¥IC CONDUCTANCE

A determination of total dissolved solids (TDS) can be made by measuring
the electrical conductance of a groundwater sample. Specific conductance
is preferred rather than its reciprocal resistance, because it increases
with salt content. Specific conductance defines the conductance of a cubic
centimeter of water of f standard temperature of 259, measure in
microsiemens/cm (uS.cm . ). Specific conductance may also be expressed as
decimetres/metre (dS.m_l). An increase of 1°C increases the speeific
conductance by about 2 percent.

SPECIFIC YIELD

The specific yield of a rock or soil is the volume of water yielded by
gravity drainage of unit volume of previously saturated material. The
definition assumes that gravity drainage is coumplete, but in practice the
time available for drainage may be limited so that the calculated specific
yield is significantly less than the theoretical values.
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STATIC WATER LEVEL

The static water level of groundwater is the water level that can be
measured in a bore screened in an unconfined aquifer which is not being
pumped. It is a measure of the head of the groundwater at the time of
measurement at the depth at which the bore is open to the aquifer.

STORAGE COEFFICIENT

The storage coefficient is the volume of water an aquifer releases from or

takes into storage per unit surface area of the aquifer per unit change in
head, '

In a confined water body the water derived from storage with decline in
head comes from expansion of the water and compression of the aquifer. In

an unconfined water body, the amount of water derived comes from gravicy
drainage.

TOTAL DISSOLVED SOLIDS, TDS

A term that expresses the quantity of dissolved material in a sample of
water, either the residue on evaporation, dried at 356°F. (180°C), or, for

many waters that contain more than about 1000 wg/L, the sum of the chemical
constituents.,

TRACE METALS

Metals present in minor amount in the earth's crust. All elements except
the eight abundant rock-forming elements, {oxygen (0), silicaon (5i),

aluminium {(Al}, iron (Fe), calcium (Ca), sodium {(Na), potassium (K), and
magnesium (Mg).

TRANSMISSIVITY

Transmissivity 18 the rate at which the water in an aquifer is transmitted
through a unit width of aquifer under a unit hydraulic gradient. It
embodies the permeability and saturated thickness of the aquifer, and the
properties of the water in it. It is equal to the summation of the
hydraulic conductivities across a unit width of the saturated part of the
aquifer perpendicular teo the flow paths.

TRANSPIRATION

The process by which water absorbed by plants, usually through the roots,
is evaporated into the atmosphere from the plant surface.

UNCONFINED GROUNDWATER

The upper surface of unconfined groundwater is formed either by a body of
surface water or by a water table.

i
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UNDERGROUND WATER

The subsurface zone, usually starting at the land surface, that contains
both air and water.

WATER TABLE

The water table is that surface in an unconfined water body at which the
pressure is atmospheric. In bores which penetrate just far enough to held
standing water. In bores which penetrate to greater depths, the water

level will stand above or below the water table if an upward or downward
component of groundwater flow exists.

YIELD

Yield of a water bore can refer either to the capacity of the bore or to
the amount of water actually withdrawn.

~N/
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IMPORTANT INFORMATION
ABOUT YOUR

4 GEOTECHNICAL ENGINEERING REPORT

2 F

Moare construction problems are caused by sile subsur
face conditions than any other factor As troublesome as
subsurface problems can be, their frequency and extent
have been lessened considerably in recent years, due in
large measure to programs and publications of ASFE/
The Association of Engineering Firms Practicing in

the Geosciences.

The following suggestions and observations are offered
1o help you reduce the geotechnical-related delays.
cost-overruns and other costly headaches that can
occur during a construction project.

A GEOTECHNICAL ENGINEERING
REPORT 15 BASED ON A UNIQUE SET
OF PROJECT-SPECIFIC FACTORS

A geotechnical engineering report is based on a subsur
face expioration plan designed to incorporale a unique
set of project-specific factors. These typically indude.
the general nature of the structure involved, its size and
conliguration; the location of the structure on the site
and its orientation. physical concomitants such as
access roads. parking lots. and underground utilitics,
and the level of additional risk which the dient assumed
by virtue of limitations imposed upon the exploratory
program. To help avoid costly problems, consult the
geotechnical engineer to determine how any [actors
which change subseguent to the date of the report may
affect its recommendations.

Unless your consulting geotechnical engineer indicates
otherwise. your geolechnicul enginecring report should not
be¢ used;

» When the nature of the proposed structure is
changed. for examnple, if an office building will be
crected instead of a parking garage. or if a refriger-
ated warehouse will be built instead of an unre-
frigerated one; ,

« when the size or configuration of the proposed
structure is altered:

« when the location or orientation of the proposed
structure is modified;

« when there is a change of ownership. or

« for application to an adjacent site.

Ceotechnical engineers cannol accept responsibility for problems
which may develop if they arc nol consulted after fuctors consid-
ered in their report’s development have changed.

MOST GEOTECHNICAL “FINDINGS”
ARE PROFESSIONAL ESTIMATES

Site exploration identifies actual subsurface conditions
only at those points where samples are taken, when
they are taken. Data derived through sampling and sub-
sequent laboratory testing are extrapolated by geo-

technical engineers who then render an opinion about
overall subsurface conditions, their likely reaction to
proposed construction activity, and appropriate founda-
tion design. Even under optimal circumstances actual
conditions may differ from those inlerred 1o exist,
because no geotechnical engineer, nc matter how
gualified. and no subsurlace explotation program. no
matter how comprehensive, can revea! what is hidden by
earth, rock and time. The aclual interface between mate-
rials may be far more gradual or abrupt than a report
indicates. Actual conditions in areas not sampled may
differ from predictions. Nothing can be done to prevent the
unanlicipated, bul steps can be taken lo help minimize their
impuct. For this reason, most experienced owners refain their
geolechnical conswltants (hrough Lhe construclion stage, to iden-
tify variances, conduct additional tests which may be
needed, and (o recommend solutions to problems
encountered on site.

SUBSURFACE CONDITIONS
CAN CHANGE

Subsurface canditions may be modified by constantly-
changing natural foices Because a geotechnical engi-
neering report is based on conditions which existed at
the time of subsurface exploration, construclion decisions
shoutd wot be bused on a geolechnical engineering report whose
adequacy may have feen affecied by time. Speak with the geo-
wechnical consultant to learn if additional 1ests are

" advisable belore construction starts.

Construction operations at or adjacent to the site and
natural events such as floods. earthquakes or ground-
water fluctuations may also alfect subsurface conditions

" and. thus, the continuing adequacy of a geotechnical

ieportl. The geotechnical engineer should be kept
apprised of any such events, and should be consulted to
determine il additional lests are necessary.

GEOTECHNICAL SERVICES ARE
PERFORMED FOR SPECIFIC PURPOSES
AND PERSONS

Geotechnical engineers reports are prepared 10 meet
the specific needs of specific individuals. A report pre-
pared lor a consuiling civil engineer may not be ade-
quate for o construction contractor, of even some other
consulting civil engineet Unless indicated otherwise,
this report was prepared expressly for the chient involved
and expressly lor purposes indicated by the dient. Use
by any other persons lor any purpose, or by the dient
for a different purpose. may result in problems. No indi-
vidual other than the client should apply this report for its
inlended purpose without first corferring with the geolechnical
engineer. No person should apply IRis report for any purpose
other than that originally contemplated without first conferring
with the geotechnical engineer.

Reprinted by Coffey & Partmners Pty Ltd =~
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A GEOTECHNICAL ENGINEERING
REPORT IS SUBJECT TO
MISINTERPRETATION

Costly problems can occur when other design profes-
sionals develop their plans based on misinterpretations
of a geotechnical engineering report. To help avoid
these problems, the geotechnical engineer should be
retained to work with other appropriate design profes-
sionals to explain relevant geotechnical findings and to
review the adequacy of their plans and specifications
relative to geotechnical issues.

BORING LOGS SHOULD NOT BE
SEPARATED FROM THE
ENGINEERING REPORT =

Final boring logs are developed by geotechnical engi-
neers based upon their interpretation of field logs
tassembled by site personnel) and laboratory evaluation
of field samples. Only final boring logs customarily are
induded in geotechnical engineering reports. These logs
should not under any circumstances be redrawn for indusion in
architectural or other design drawings, because drafters
may commit errors or omissions in the transfer process.
Although photographic reproduction eliminates this
problem, it does nothing to minimize the possibility of
contractors misinterpreting the logs during bid prepara-
tion. When this occurs, delays, disputes and unantici-
pated costs are the all-too-frequent result.

To minimize the tikelihood of boring log misinterpreta-
ticon, give contraclors ready access to the complete geotechnical
engineering report prepared or authorized for their use.
Those who do not provide such access may proceed un-

* For further information on this aspect
reference should be made to "Guidelines
for the Provision of Geotechnical
Information in Construction Contracts"

published by The Institution of Engineers

Australia, National Headquarters,
Canberra, 1987.

der the misiaken impression that simply disdaiming re-
sponsibility for the accuracy of subsurface information
always insulates them from attendant liability Providing
the best available information to contractors helps pre-
vent costly construction problems and the adversarial
attitudes which aggravate them to disproportionate
scale.

READ RESPONSIBILITY
CLAUSES CLOSELY

Because geotechnical engineering is based extensively
on judgment and opinion, it is far less exact than other
design disciplines. This situation has resulted in wholly
unwarranted claims being lodged against geotechnical
consuitants. To help prevent this problem, geotechnical
engineers have developed model dauses for use in writ-
ten ransmittals These are not exculpatory dauses
designed to foist geotechnical engineers’ liabilities onto
somneone else, Rather. they are definitive dauses which
identify where geotechnical engineers’ responsibilities
begin and end. Their use helps all parties involved rec-
ognize their individual responsibilities and take appro-
priate action. Some of these definitive dauses are likely
to appear in your peotechnical engineering report, and
you are encouraged to read them dosely Your geo-
technical engineer will be pleased to give full and frank
answers to your questions.

OTHER STEPS YOU CAN TAKE TO
REDUCE RISK

Your consulting geotechnical engineer will be pleased to
discuss other techniques which can be employed to mit-
igate risk. {n addition, ASFE has developed a variety of
materials which may be beneficial. Contact ASFE for a
complimentary copy of its publications directory

Published by

ASFE

THE ASSOCIATNION
OF ENGINEERING FIRMS
PRACTICING IN THE GEOSCIENCES

8811 Colesville Road/Suite G106/Silver Spring, Maryland 20910/{301) 565-2733

Reprinted by Coffey & Partners Pty Ltd -
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PHOTO 1

Production bore No. P52, Naracoopa
with injector pump before installing
for pump test.

PHOTO 2
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PHOTO 3

Pump testing Spearpoint P37 in
interdunal system behind foredune,
Naracoopa. Lay flat hose takes
groundwater to Sea Elephant Bay.

PHOTO 4

Drilling hole for pumping Spearpoint
P49, High Dunes. Observation piezometer
P25 between the 2 trucks.
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PHOTO 5

Production stainless steel screen
and steel casing (150mm diameter

nominal) before insertion in P50,
High Dunes.

PHOTO 6

Pumping production bore P50, High
Dunes using centrifugal pump.
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PHOTO 7 - Location of surface water sample at mouth of Blowhole Creek.
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PHOTO 8 - Calcareous sandstone outcrop on beach midway between Naracoopa and
Cowper Point. :
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APPENDIX A

Construction details for Observation Piezometers,
Production Bores and Spearpoints
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Cotley & Patinery Piy, Lad,

LOFFEY

P1

treehole no

compos:te borehole AN PR
PSS 4
BRISBANE GA3/1
hient: NATIONAL MINERAL SANDS PIY LTD hole commanced:  29.4.88
propecy: KING ISLANDS HEAVY MINERAL DEPOSITS hole completed; 29.4.88
bocehots locmion: €€ FIGURE 2 woeevised by: ERb
checked by: EHB
drili model end mounting:  RC/Truck AL cosing: doturm: M.S. L.
hole dismeter: 56 mm AL, surface: totddepeh: 13 .5p
. €
bors coratruetion | i} depth ] 2 |2 maseriad saditeonsl
diagram El owum | o 22 type, pletticity Or parTeche chasscienistic Sbsarvation
ey = £ b=y
e bl 2 1€ Colod, tecondery & (inl COMAGNEnLL
196 30 ¢ se lag & ciss
T R A1 R TP TR - —
T SAND-F ine-medium grained, light grey, clean. .
2_,' -
3. SAND-Light brown, silty, slightly peaty,moist.] Water intersected at
j N agbout 3.5m above pesta
_l':-',- & indurated layers
CTe (perched lsyer). i
‘_‘i o 4
4...1-_-_'.. —
I e 1
I0F ) 5M ) SILTY SAND-Tine-medium grained, dark brown, j
{1 silty. Indurated layers varying From soft |
R to hard. Peat layers.
6ok 1
Y 4ok ]
L) .‘,"'--
6. 64 . p
1. .'_- p
E B_J:'.: " —
| — ] & (A 4
ol O |
1 ."~|
[— ﬂ - 4
— A
-t 40 E
5 18 -
i _
4.t :
12 CH [CLAY-High plasticily, bruwn to light brown, 7
-/ stiff, mica flakes. 7]
. / ;
Z
ferminated alb 13.5m.
—4 -
< -
- -5
- -
.-.1 —
4 4
4 4
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Coltey & Partnees Py, Lid,

omposite borehole

C
l tog

- GOFFEY

542282

burehule no P2

sheet 1 of: 1

HRISBANE G65/1

deeny;

i

"y

NATIONAL MIMERAL SANDS PIY LTD hole comemenced: 29.4.88
praject; KING ISLAND HEAYY MINERALS DEPOSITS tole compleled: 29.4,88
e o 1200 N UD E wpervised by: £HD
shels loce checked by: EHB
deitl oot snd mounting: RC/Truck AL onsing: 12.701m R mahaial M.5.L.
hole dismeter: 56 AL wurtocs; 12.301m 1otal daprh: 7.1m
e
bore consuruction | i | depth | 2 | 2 marecisl nddition
dingram T | mwoes § éi type, plasticity Or partiche char st Leritic obiervations
re nm w -E f} EE colar, sacondary & minor Camponenis
o¢ 30 4 38 109 g sls:
UV 5P ] SAND-f ine-medium grained quartz, white/eream,
clean.
4
SM 1 SILTY SAND-Brown, silty, soft to moderately Waler intersected b
ool hard indurated layers and peat layers. at approx.Zm above -
1.1 peaty & indurated -
== I K layers. .
R . 70 o i
J50t .
N R X -
— 4
]
= 4
E ~Er#/GP | SAND/GRAVEL -F ine-coarse grained sand to gravel l
- light brown, clean. -
= .
- CH [CLAY-High plasticit rey to grey brown
- SLLiFF, miva Flakss. ' o ) o 8rey ’ ]
) Tferminated at 7.1m.
h E
- -4
- -
N J
- -l
- 4
- -
- -4
-.1 —
-4 -
-4 -+
. )
-1 -

L

lJALLl
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ICn"“ & Parinees Poy, Lad,

lcomposite borehole

log

cﬂf fEY boeenute oo P13

BRISBANE Gé5/1

NATIDNAL MINERAL SANDS PTY LTD hole commwenced. 30.06.88
KING ISLAND HEAYY MINCRAL DEPOSLTS hole completed: 30.4.88
borehole locetion: 12008 340N woervised by LHB
checked by: EHB
drill inodel and sounting: RC/Truck RL osung: datom: M.S.L.
nobe dismater: 56 mm RL wsrface: tcad dupth. 6, S
. €
borwconatruction | | o | 2| 2 metsrisl sddisional
I_ mewes | u __3_2 Ty P, plasticity oc partiche chasacteristic obeervations
w fﬂlt .'E'E color, moondery & minos COMponems
le¢ 50 o 3¢ 140 T Sle=
UJ. ] SAND-T Lne~med:om Qrained, !19“! PTown, clean. 0.5m indurated layer,
5 hard, carbonate. T
N O SM | SILTY SAND-Dark brown to red brown, silty, -
> Sl peaty. 4
2 1o ]
4.0 2.5m indurated layer. o
Y- 44 N
2.7 % i
- S T E
= o IGM/SP  SILTY SAND/SAND-Light brown, brown. .
I I A g
- b W O —-{
— G A
E 1) 1
¥ e E
) 1 5P T SAND-Light brown, 1
- 6T SP/GP | SAND/GRAVEL -Rounded, gravel up Lo O.5cm dia. 4
5 Sy clean, -
. 1
. CH™ j CLAY-High plasticily; "grey, stifT. ]
- Terminated at 6.5m. ]
-J -,
- -
J -
. A
4 E
- -
.4 J
H y
4 -
1 .
— —
- -
. -
- 7 -
T .
— - 4
= A 1
— 1 -
—f -
. 1
o 4
_ ) 1
. .
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Colley &Pasinres Pry, Lad, D"[f[v hirehoie no P‘l-
)
composite borehole m 1 o
log .
BRISBANE G65/1
dient; NATIONAL MINERAL SANDS PIY L1D hole comemanced:  30.4.88
project, KING ISLAND HEAVY MINERAL DEPBSITS hote completed: 30 .4.808
; : EHB
[ ion: wpervised by:
ahely location 1000 N 540 W checked by £ HB
deilt modet and mounting: NC/ TTuck AL cesing: doem: M.S5.1.
hole diseter: 26 e AL murtacs: ol depn: 2.7 m
<
borwconatruction | i | deotn | g 8 2 marerisl sdditionst
- — .\
disgram ) mewes | w gi TyPs, plagticity o pactichs char actevictic obrervations
rn w | ' .
180 10 # 3 leo 7 H 5§. cOlor, secondary & minar componenty
o puiah
J SP [SAND (FILL) -Dune sand pushed out over Swamp. l
. 4
E Dry A HUMUS/SOIL -Swamp vegetation grading to ]
- 7 clayey silty peat. _']1
= CLAY-Grey, stiff, micaceous,
- / ] ] ]
1/
- | Terminated al 2.7m. 7
-4
-] -
- ¢ ] ’ .
! LTS S -
) 1
- ]
] ~
. |
1 .
¥ 1
-{ -4
T .
] .
= 4
1 —
-< -
-J -y
) 1 :
. 1
' ] 1
1 -
1 1
h -4
~ -
- -
1 :
4 J
] ]
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Coftey & Pacinea, Pry, Lid,

l i

LOFFEY
l ::(?gmposite borehole m

sheer 1 of 1

CLAY-Grey, stiff, micaceous.

BRISBANE G65/1
l Hiwny: NATIONAL MINERAL SANDS PTY LID hole commwnced:  30.4.88
arojact: KING ISLAND HEAVY MINERAL DEPDSITS hole complerea:  30.4.88
e T wpervised by: £He
I sholy lacetion: 700 N 00 & checked by: £ HB
drill modet gnd mounting: RC/Truck RL cusing: 14.154m e M.S.L.
l hole dismeter: 56 emm AL wrtscs: 13 704m wtd depth: 8, Om
bore construction | i | depth | B2 .=.§_ material additignat
diagram E| meoes w13 3 tYpe, plerticity or particis chacactavistic obwervation
I e I §- TE color, woandery & minor companents
190 14 o 350 180 v Slesx
U §-1 . . . . — '1
4:-+} SM | SILTY SAND-Fine-medium grained, brown, silty. :
4. :|l
i 1 ]
2_. N —
4T -
RIYN J
i ﬁ... l-: -
o N ~
4 ' -, 4
= b
L
v~ SILTY SAND-Dark brown, very silty, peaty. :
- 4. . ]
: o
S }
-—
- .
- SP/GP | SAND/GRAVEL -Light brown, up to 0U.5cm dia. ]

Terminated at B.Om.

. * o

"
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AR

8 ]
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Cotley & Pariners Pry, Lad,

composite borehole

log

CORFEY =

BRISBANL G662/

T TSR N |

dieng: NATIONAL MINERAL SANDS PTY LITD hole commwaced: 30.4.88
. hole completed; 30.4.88
praect: KING [SLAND HEAVY MINERAL DEPOSITS © comeet
- on: 700 N 260 W wiperviged by: EHB
) checked by: tHB
drill rmnodet snd mounting: HC/Truck AL casing: desum; ‘M. S.L.
hote dismmter: 56 AL wirtace: wd deph: 11 _fp
. c
bors contruction | i | depth | 2|2 mareisd additional
diagram T | metres E __!.'-'_' 3 Ty, PAESTICItY Of DarTicle Char actevistic abeervations
n «w | §- 'EE color, secandery & Minor Componants
100 36 @ 39 180 o i
ok ‘ﬁ»
17 sp | sAND-Fine-medium grained, brown, very slightly .
L silty. 4
-J.' . -
40 4
2_{. —
; 400 .
Jo -
a_:.' SAND-I ine-coarse grained, light brown/grey, gng?écgﬁwl‘ from )
slightly silty. -7 oM. ]
E S o
A 4 o: :‘
= L [ - ) - 4
Y 6.4, SAND-F ine~coarse grained, grey, clean, _
) - . _: -
n R
-~ L AR e
-~
- n D 7
- 8] o [ STUTY SARD-Dark bBrown, very Silty. .
- . A -
E - f --‘l -
] 11 3
- 1"F. -
: Sk
= PEAT/PEATY SAND-Dark brown. ’
5M § SILTY SAND-F ine-medium grained, dark grey. :l
4
L1 {CLAY-Medium plasticily, grey. 7]
- Terminaled at 11.Bm, 7
-+ -4
. -
4 §
-~ -
b 4
- -
- -

[
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Lo
l It
I Cottey & Fariner Pty. Lid, Guff[v Baitrhaole no P7
l compos:te borehole weet 1 ot ]
I BRI1SBANE Ga5/1
- 30.4.88
clint; NATIONAL LMINERAL SANDS PTY LTD hote commenced: 33 s 88
ropect: KING ISLAND HEAVY MINERAL DEPOSITS hole completed; EHI.;J ’
s afvrly brcation: 400 N 00 £ wpervised by’ £ HE
checked by:
il ervodel and ating: RC/Truck AL cosing: 16.854m — M.S5.L.
I hole diameter: 58 ewn AL wartocn. 16.504m 1otsl dwpth: 16.8m
. <
bors congtruction | i { depth ) B 2 materied sdditians!
diagreen F | oo | =“-' 3 tvpe, placticity or partiche charactaristic observations
mm v £ ‘:-;‘-E cotor dare & o <
- a P Y O
140 59 ¢ 50 Lea 2]ls=
I fx] SM | SILTY 5AND-Fine-medium grained, brown. k
I - z_F 0] SP ) SAND~Fine-coarse grained, light grey, clean. k
— N ." . o
2.14 4,
g0 .
l 4 ) R 1
...J.“. .
10 ]
l =) 1.2 4
e 10 SM ] SILTY SAND-Fine-coarse grained, dark brown. ;
E:-‘_| L . 4
6 11"
l = -]
- K : 4
E q.:“ " -4
] _::-‘-.'_'._ SM | PEATY SLLITY 5AND-Flne-very coarse greined, 1
I ] 8 -‘:T dark brown, some indurated layers. 1
- v 4-' i
= {if -
-: .:- 4
- 10 5*_“.‘;.:6 SAND/GRAVEL -Dark brown, up to 0.5cm dia. _:
X
77 TTAY-Urey, stilf. )
- . Terminated at 10.8m. ]
i 1
— -
-4
] 1
-4 p
1 1
l 1 -4
4 ~
-4 .4

lLJL'




Cottey & Partnary Pty. Lad,

composite borehole

log

SOPETR S TSR

e - i 7 AR

COFFEY

gre
W
&2
8]
$:9]
%]

turenuie no P8

sheer 1 ot: 1

BRHISBANE G63%/1

disnt; MATI{OMAL MINERAL SANDS PTY LIO hole commenced: 30.4.848
prooct: KING ISLAND HEAVY MINERAL DEPDSIIS thole completed: 310.4.88
bosehole location: 300 N 220 E wparvited by: EHB
checked by: EHB
rill model and mounting:  RC/TTuck AL chuing: st M.S5.L
hol¢ dismater: 36 men KL surtace: total depth: 4.0m
€
bote comstruction J depth g1 matecial sdditionsl
deagram ¥‘ moawe | v ‘-‘:E type, plasticity or particie Characteristic observation
o il ﬁ' .E E colos dary & cof nanits
164 16 ¢ 30 10¢ c E 5= ° -
14 Aoof 5P ] SAND-F ine-medium grained, light brown/brown,
1 clean. 4
i 4
1 d
— E ]
- Z—J .
8 -1 T -
s D .64 j -
= 25 :
4 v CLAY-Grey, sticky. 4
A Yerminated abt 4.0m.
] J
y
4
1 -
4 o4
.1 -
. -
7 -4
1 4
-‘ -y
- |
-} "]
7 .
4
. J
7 -1
. .
] 1
h 4

TSI A 1




I Colley & Parinars Pry, Lad.

<l

fr

log

composite borehole

"

COFFEY

BRISBANE G65/1

diwnt: NATIONAL MINERAL SANDS PTY LTD hole commenced: jo.4a.88
peojecr. KING ISLAND HEAVY MINERAL DEPBSITS hole compteted:  30.4.88
wor iarn: 100 N oo E supervized by tEHB
checked by: £HB
Srill PO ard mounting: RC/Truck ML cesing: 15.380m detm : M.5.1.
l hole dismeter: %6 mm AL mrteon: 14.980m totdd deoth:  11.5m
L
1
_ <
boew conatructian- | i | dpm | g 1 2 marerial
»~ —-— -
dragram TElmon |l E Type, plasticity or particle ohasacterictic
- = £ -
m~ 1~ 2i2E color, woondary & MIinGs COMponents
144 58 & ¢ 180 e sls>
U ] " 5P | SAND-f ine-medium grained, light brown, clean.
-4 _I l-: -4
1. -
z g |
:' - Moist at 3m. :
1 .
o -0 ]
g - . N _1
S J.
' ¥ 4°['] SM [SILIY S5AND-Dark brown, peaty, indurated layers J
-— 4_ " LX) .
.3 SR 1
1 i [ 4 -
j 58 INDURATED TAVER-Foderatsly hard. )
( '*' 5M | SILTY SAND-Fine-coarse grained, brawn, some 1
. e indurated layers. .
[ = 41 B
-— U
- 1. 1
-—:|-‘ -J: ._: -
- 10 _[2o2't5P/GP | SAND/GRAVEL -Brown, up to 0.5cm dia. 1
o T -
] 4] SM ] SILTY SAND-f ine grained, dark brown, very y
= | silty.
-— 1.4 4
-1 CLAY-Grey brown, stiff, micaceous. ;
_ Terminated at 11.5m.
- 4
J A
- -
—
-1 4
E ~
- e
— - -
] -1
4 A
- 4
4 4
- -




T S B por e

i 542290
2oy

Colley & Pactnery Piy, Lad, tuarchple no —

! COFFEY [ v

I composite borehole m peet 1 ot 1
log

dient. NATIONAL MINERAL SANDS PITY LTD hole commenced:
project. KING ISLAND HEAVY MINERAL DEPQSITS hole complered.

borehole locsion: HIGH DUNE DEPDSLT (FIGURE 4 ) wpervited by:
checked by:

deill modet anvd mounting: RC/iruck AL oasing: datum M.S.L.

I hole diameter: 56 mm AL surfos: toAsl depth: 6.3m

c
bore contruction 4 | depth 2 2 roatecial additiona
disgram I meoret E‘ E § TyPe, plasticity Of particle Char BCLatistic obuervations
mm w3 - ‘2:. = E color, secondery & minor COMaonents
199 10 & 50 100 T Sis> )

U T SP } SAND-fine-medium grained quartz, lignt brown,
. 1. slightly silty, A
- '1.' [ -
4000 : §
) l SAND-f ine-coarse grained, grey. n
No casi o 1.5-3.5m-High -
na J"."-'-‘ content of heavy -
installed. i B minerals. ]
J o y
% . '.:' .‘I- F
3.6 4 -J --..-‘ —
B j
ﬁ.'_-:-:.' 1
6 1%2:SP/GP{ SAND/GRAVEL/SHELL-Gravel to 0.5cm dia. 1
A CHELL Deds - Grey, hard, cemented. ~1
ferminated at 6.3m. l
| 4 ﬁ
b J

A 4
R 4
[ . )
-1 -
J -
b Jg
- ]
h b
7 -
- 1
4 4 E
. r &




oo hle 1AL

TR A

JUEPRRRNERF Y SR R

42201

COFFEY [~

: i
l composite borehole 2 AN Y
log 22L

.
2

aB L

I Catley & Partngry Py, L1d,

1

l Sydney G65/3
client; NATIONAL MINERAL SANDS PTY LD hote Commented:
project: KING ISLAND HEAVY MINERAL DERQSITS hole complated:
l bovehals WoCHtion: HIGH DUNE DEPOSIT (Figure 4 ) wperviced by: -
checked by:
Ocill modef and mounting: RO/ Truck RE caning: dhetom M.S.L.
I hole diameter: 36 mem AL surfeos; totd deph 10, 5m
<
bore construction | i | deth | 2} 2 material additional
l dingram T ] mworen ; é 2 type, platticity of partiche Charscteristic obeervations
mm w i <13 r color, cery fi féinas comp t
1ee 56 & 34 lao & sz
SP

SAND-F ine-medium grained, light brown. Peaty induration
b IKEN at 0.%m.

-

I A SAND-f ine-medium grained, grey, clean.

-

B 8

High content of =
. heavy mineral.

No casing = o
installed. 3. 30 1 y

SAND-f ine-coerse grained, grey, clean.
P
i

T T

A.-'-" SP/GP | SAND/GRAVEL /SHELL -Lrey, clean, up Eo O.5cm dia
& shell fragments. -

. S5HeLL BtD5-Grey, hard, cemented.

CLAY/SHELL-Grey, sticky marine clay with :
chells. .

. Terminated at 10.5m. )
. . 1
- L
— i —
-4 ’ -
1 ¢ 4
- -
— -
. . 4
B .
4 -

CH CLAY-High plasticity, dark grey. i

)

b l 3

1




l Caltey & Partners Puy, Lad,

composite borehole

LOFFEY

AN
VISP 4

545292

boretrde a0 P]z

theet 1 wof 3

Sydney. G65/3

NATLONAL MINERAL SANDS PTY LTD

hole commented:

I s shole bocatign:

drilt nodel #nd Mmountiog:
hole dismeter:

M.S5.L.

totef depth:  5.5m

bare construction

198 %4 & 3w 100

KING ISLAND HEAVY MINERAL DEPQSITS hole completed:
BACK DPUNL DEPQSITS (fIGURE ) wperviced by:
15m East of Star Pickel wmavked "60" chrecked by:
AL camnyg.
56 AL mcteos:
. [
A ] depth A mateciel
- — -
I_ meew | u |2 -2- type, plasticity or partiche characteriatic
v -E ‘é 'EE cotor, secnndery & Minos componenty
T sfls¥
. SANDY PEAT-Swamp hUMUS #1Eh Tine-med:um
‘! grained sand.
SILTY, PEATY SAND-Dary brown, very siliy.
a N .
.78

CLAY-High plasticity, dark brown.

BN

il

CLAYSTONE -Yellow brown, hard.

Teeminated at 5. 5m.

A4

L

l_ Lol
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I Colley & Parvners Pry, Lid,

l composite borehole :
log

GUHEY harenote n0 P13

Sydney G6543

o- o|SP/CP| GAND/CRAVEL -Pea size, Founded: _ SRR

1 CLAY-Dark brown, grey, sticky.

dient; NATIONAL MINERAL SAND PTY LD hote commenced:
oropct: KING LSLAND HEAYY MINERAL DEPOSITS hole completed:
BACK DUNE DEPOSITS (FIGURE 4) wipmevited by: -
borehole tocetion: )
% 20m West of Star Picket marked "60" checked by:
deill model snd mounting:  RC/ TTuck AL cating: dwtramn: M.5.L.
hots diameter: 26 mm AL srfece: totd dwpth: 5. 05m
[ =
bore congtruction -4} depth 2 2 material sdditionsl
disgram E | mewes E é 2 TyDe, plasuiCity Of parichs characlavistic obearvations
e b -‘: :.:' -§ E calor, dary & nvi ety
10¢ 58 ¢ 5S¢ 1ae & S|
Ly SP SAND-f ing-medium grained, grey, clean. ]
-1_ Ve, .
T 7
1. |
S BN -
2 o i
. Jol oM SILTY SAND-Brown te dark brown, very silty, ]
Ne casing . 2T eaty Hard indurated layers.q
installed. n e A peaty, . .
2.8 O dark brown CLAY layer 4.5%-4.am,

Tecminated at 5.5m.

| S B T S | L

il

I8 L

PR S R S

L
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l Colley & Paconeny Py,

Lid,

I composite borehole

log

e ————EETR
542294

COFFEY [——vw

wheet T ot: 1

S LRI Sl i i

Sydney G65/3

dienc: NATIONAL MINERAL SANDS PFY LTD hole commenced:
N KING ISLAND HEAYY MINERAL DEPDSITS hole completed:
BACK DUNE DEPODSIT (FLGURE 4 )} wipervited by:
grahole locetian: ;
30m West of Intersection checked by:
drith modkel and mounting: RC/Truck AL oasirg: datoom M.S.L.
hote diarmwier: 96 mm RL wirfoca. vod depth: 6. Om
<
bore construction | Ui | deexh | g ) 2 material additionsl
dragram Flmen ] |8 3 TyDe, plasticity oF partichs chesactaristic obsermtions
mm i i ‘g- EE color, secondery b mindr components
18¢ 12 ¢ 30 jo0 -
u p SP JSAND-Fine-medium grained, grey, clean. i
Y-l sM JSILTY SAND-Medium-coarse grained, brown to i
g dark brawn. -
2 ¥ i
Na casing j :
installed. 'I
o.: -1
= 4. Indurated layer 4
3.5 “._|-.' X al, 4.0m. -
1 - 4
1 1
o J
4 CH ™ JCLAY-thgh plasticity, dark brown.
CACS B AN ST B ~PEa_EBlzE. LOUNOEd, 1
6 1V U HEAY-High pTasCicity, darfk DTown.
. Terminated al. 6.0m. 4
4 y
-5 -
N m
e -4
- : ;
| 1 ]
. 4
I -4 4 ]
. 4 §
J 4 b
l N 4 't
- 4 2
— ] r
-4 -
. 4
N -4
. 8

ey AL VRS A e i

Ty



lCollcv & Pacinery Piy. Ltg,

lcomposite borehole

log

ot it Al A A L e L S D e s

.

342295

GOFFEY [~ s

Sydney G65/3

' dant: NATIONAL MINERAL SANDS PTY LTD hole commenied:
prapect: KING ISLAND HEAVY MINERAL DEPOSITS hole comgieted:
bor dhole tocation:  2E° FIGURE 3 wparvited by -
checked by: -
il model snd mounting:  RC/Truck AL csing: detom: M.S.L.
lmﬁnmlw: 56 mm AL surface: total depth: 18.0
c
borsconstruction | i [ depth | | 2 matevisl additional
disgrem T | omorm E _.‘_'_:E type, planticity or pactiche char setacnric observationt
mm w | . E TE color, seoondary & minor cOMponents
104 32 & 10 100 T I -
Mot - ﬁ n . . T et
- ol SP | SAND-fine-medium grained, grey.
2 SM {SILTY SAND-Finc-mediuin grained, dark brown, i
peaty, silty. j
. Sand from 3.%m is fine-coarse grained, .
Indurated layers »
. from 3.5m. )
o -+
no' casing I " ;
nstalled. X _1' +
5.7 6 _'q.". -
l 1~} ]
-4..'.:1. E
_1-.:. . -
l B""._ [ —
N :
-.; -'..*SF{?GP SILTY SARD/GRAVEL-Uark Grown, up to {.scm R
10 Tl dia.(pea size). .
~4217F » ~
-*g { CH [ PEALY CLAY-High plasticity, dark brown. 4
l i -
Ll s | SILTY SAND-Fine graiced, well rounded quartz, A
12 v grey, with heavy mineral and mica flakes. b
l - : '.._ -4
4, "_ -4
'J'-" ‘-‘ -
1] 1
l 11 .
- 4
1 .
I 1.4 .
16 -{V‘ sC-SM{ SILIY CLAYEY SAND-As above, but becoming N
;/1 clayey-
-1 - £ 3 -
i 18 V7 A CLAY-Brown, grey, plastic. Terminated at 18.0m.

v iy




o
LAY
lcn”ly & Pariners Pry_ Led,

Icomposite borehole
log

GOFFEY [~~7v

I. . Sydney G65/3
clieny: NATIONAL MINERAL SANDS PTY LID hole commanced:
— KING ISLAND HEAVY MINLRAL DEPOSITS hole completed: _
l ) See FIGURE 3 wipervited by:
bovahole location:
checked by:
drill model and mounting: RC/TTuck RL casing: detum: M.5-L.
l hole dismeter: 56 m~m AL surfaca: 1okl depth: 11.5m
c tana,
bore construction -4 | dwph g1 muaterisl sdditional
' Giagrarm El owaes | u .:_: s type, pIasticiy Of partiche Characteristic observationt
S o A R A <ot moondar & s compmnan
166 50 ¢ 19 L4a e tizs=
. " _
SAND-F ine-medium grained, white/grey, clean.

N R

wy
-

ke |

]
i
v
~
|

SM

SILTY SAND-F ine-medium grained, dark brown,
pealy. Indurations.

S =

5P

SAND-F ine-medium grained, light brown, clesn,
grading into dark brown silty,

SAND/GRAVEL -Brown, up tn 0.5 cm dia.

SILTY SAND/GRAVEL-As above,

T

CLAY-Brown, plastic.

Hard indurated layers.

PR S

A

A

e a1 g 4

1

Terminated at 11.5m.

Y RN R T N Y

'S

(LR BN
3
No casing E _"{
installed. -]
. . J :'-
T
4
1
b S
i
'2-. 5] 5P /GP
Yo f SM/GP
-1:.- s
qelir
1. /]




ICchy & Partners Pry. Lid,

GOFFEY

i¥

S Bl o e

lcompos:te borehole m weee 1 ar 1
log .
BRISBANL G65/1
it NATIONAL MINERAL SANDS PTY LID note commenced: 2 -0 - 88
prorect. KING ISLAND HEAVY MINERAL DEPOSITS hole complesed: 2+ 5+88
borshale locmtian: S2€ FIGURE 3 wpervited by: EHB
checked by: EHB
deill mode! and mawnting: R/ Truck: AL casing: detum: M.S.L.
hole diamegier: 26 mm AL wrtece. wotal depeh:  10.0m
<
bore conavruction | i | cepth 1 21 2 marerist sddivionst
disgram E | mave E _—rf E type, plasticity of particle charactefistic obtervationt
mm w | g EE color, sovndsry & minde COMPOnEnts
100 50 ¢ 30 toe & i
Upergse SAND-F ine-medium grained, light grey, clean.
. o ]
9 q: INDURATED LAYER-Dark brown, very hard. .
4.1 sM | SILTY SAND-Fine-medium grained, brown to dark ]
IR brown, varies from slightly silty to silty. ]
4 _j : 1
e -
1 - A . ‘._ ‘ L
1. Indurated layers -
< T From 5.5-8.5m.
534 T
- & 1. : —
- 1
= 11 -
H J
- :
= 8 -1 -
£ 1 }
= L, :
= 1o l5P/GP | SAND/GRAVEL-Light brown, up to 0.5cm dia. 1
= wl/A CLAY. 1
- {erminated at 10.0m. ]
- J
-1 -5
— . ]
1 _
= . b
: J
] ]
4 d
4 i
- -
i ] ]
. -
1 1

P
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. AREA: NARACQOPA - LINE NO: 17808 HOLE NO: 300W
<30 LOGGED BY: GRAHAM LEE DATE DRILLED: 28,1.89 METHOD: Rig

Interval Drv~ WEt. Description % Slime % 1000 um 7 H.M.

(m) (‘{cs)
0-1.5 SAND; medium - coarse, Well sorted. White.
1.5 - 3.5 AS ABOVE

3.5 - 5.5 AS ABOVE

5.5 - 7.5 AS ABOVE. Brownish grey.

7.5 - 9.5 AS ABOVE. Some hard: induration. H.M. Tr.

8.5 - 11.5 AS ABOVE, becomes pyritic. Pale clay. 11.5m.

E.O.H. 1l1.5m.

PIEZOMETER
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RS . s i D EE an o =E N Y reEc/an BN BN N e

AREA: NARACOOPA LINE NO: 1600N HOLE NO: 200W
S LOGRED BY:  GRAHAM LEE DATE DRILLED: 28.1.89 METHOD: Rig
Interval Drv~-WE. Description Z Slime Z 1000 um % H.M.
(m) kg)
0-1.5 SAND, medium - coarse grained. Well sorted, pale grey,.
H.M. tr.
1.5~ 3.5 AS ABOVE
3.5 - 5.5 AS ABOVE, Dark brown, lightly indurated,
5.5 - 7.5 AS ABOVE
7.5 - 9.0 AS ABOVE, peaty, dark brown mica clay at 9.0 m.
9.0 - 11.5 CLAY
No sample E.CH. 11.5m.
PIEZOMETER

Gt

3
i
D
e
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AREA: NARACOOPA LINE NO: 1400N HOLE NO: 380W

Hand
Interval Drv- WE. Description %4 Slime X 1000 um % H.M.
(s) (k)
0-1.5 7 PEAT, very wet., Minor sand at 1.3 - 1,5m,
1.5 - 3.5 SAND, medium grained, well sorted, grey. Indurated layers.
3.5 - 5.5 AS ABOVE, with some coarse grains at bottom. Indurated.
5.5 ~ 5.7 ' Pyrite layer.
E.O.H, 5.7m.
PIEZOMETER

e
H%
2
o

T T T TR T T

o T e o, g ey Sl
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AREA: COWPER POINT - HIGH DUNE LINE NO: 4350N HOLE NO: 2320E

el

2973 [ocerp py:  GRAHMAM LEE DATE DRILLED:  9.1.89

METHOD: Rig
Interval - Bry We. Description % Slime 21000 um | % H.M.
(m) (kg)
0-1.5 SAND, medium grained, brownish amber. Visible H.M.
1.5 - 3.5 AS ABOVE, then amber with H.M. bands. Good H.M.
3,5 -5.5 SAND, pale grey & amber. Rich H.M,
5.5 - 7.5 SAND, medium to coarse grained with pebbles and shell

fragments. Rich H.M.

7.5 - 8.0 AS ABOVE, but coarser grained. SANDSTONE at 8.0m.

Rl

E.O.H. 8.0m. SANDSTONE

PIEZOMETER HOLE

TOgovs

i e S s R i A e L C R B B B
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G
AREA:  COWPER POINT ~ HIGH DUNE LINE NO:  3750N HOLE NO:  2520F,
257 LocGED BY: ANDREW DOVE DATE DRILLED: ;5 ;1 gg METHOD: Rig
Interval Dry we. Description % Slime 2 1000 um Z HM.
(m) (kg)

0-1.5 SAND, fine - medium grained, light brown to brown.

H.M, base.
1.5 - 3.5 SAND, fine - medium graiend, brown, grades to amber.

H.M. >17.
3.5 - 5.5 SAND, fine - medium grained, amber. H.M. bands. H.M, 2-5%.
5.5 - 7.5 AS ABOVE, grades to coarse grained. Shell present. H.M.

vigible.
7.5 - 9.1 SAND, coarse - very coarse grained. Light grey. Abundant

shell. Coarse H.M. »2%. Hit Sandstone.

E.0.H. 9.1m. SANDSTONE

PIEZOMETER HOLE

it
(s

-9
(o]

R

£ S

At
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AREA: COWPER POINT - HIGH DUNE LINE NO: 3750N HOLE NO:  »5p0
LOGGED BY ANDREW DOVE DATE DRILLED: 15.1.89 METHOD: Rig
Interval Dry We. Description %4 Slime Z 1000 um 7% H.M.
(m) (kg)
0 - 1.5 SAND, fine - medium érained. Light brown to brown. -
H.M. trace.
1.5 - 3.5 SAND, fine - medium grained, brown grades to amber.
H.M. >1Z.
3.5 -~ 5.5 SAND, fine - medium grained, amber. H.M. >17.
5.5 = 7.5 AS ABOVE. H.M., >17Z.
7.5 - 9.5 AS ABOVE. H.M. »Z%.
9.5 - 11.5 AS ABOVE, becomes coarser with depth, Abundant shell,
Coarse H.M. >1Z.
11.5 - 12.5 SAND, coarse - very coarse grained, light grey. Abundant

coarse shell. H.M. visible »17%. Hit Sandstone.
E.0.H, 12.5m. SANDSTONE

PIEZOMETER HOLE

Rl R e Ty gL A pr: o r B, R AT SO B O
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AREA: COWPER POINT - HIGH DUNE ' LINE NO: 3450N HOLE NO: 2480F
394 LOGGED BY: ANDREW DOVE DATE DRILLED:  17.1.89  METHOD: Rig
Interval ‘DryWe. Description A Slime T 1000 um a H.M.
(m) (kg)
0-1.5 SAND, fine - medium gréined, brown. H.M. trace.
1.5 -3.5 |- AS ABOVE, grades to amber. Coarser with depth. H.M. 2-57.
3.5 - 5.5 SAND, medium - coarse graiaﬁd, grey. Abundant fine shell.

Coarse shell. H.M. »>1Z.
5.5 - 6.25 AS ABOVE, abundant coarse shell. Hit éﬁhdstone.

E.O.H., 6.25m. SANDSTONE

PIEZCMETER HOLE

v e

o
i
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ARFA: COWPER POINT - HIGH DUNE LINE NO: 3450N HOLE NO: 2440F
293 LoGGED BY: ANDREW DOVE DATE DRILLED: 16.1.89 METHOD: Rig
Interval Dry:. Wt. Description % Slime Z 1000 um Z H.M,
(m) (kg?
0-1.5 _ SAND, fine - medium grained, brown. H.M. base.
1.5 - 3.5 SAND, fine - medium grained, light brown, grading to

amber. H.M. Z-5%.

3.5 - 5.5 ’ SAND, fine - medium graidhd, amber. H.M. 2~5Z.
5.5 - 7.2 SAND, fine -~ medium grained, light grey, abundant fine

shell. H.M. >2%Z. Hit ‘Sandstone.

E.O.H. 7.2m. SANDSTONE.

PIEZOMETER HOLE

e ket a4 —— -

e}
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e I - am
|- ﬁm}: QINT -~ HIGH DUNE LINE ¥O:  3450N HOLE NQO: 2400E
LOGGED BY: ANDREW DOVE . DATE DRILLED:  16.1.89 METHOD: Rig
2 f}{:‘ . . 1
Interval Dzy.- WE. Description % Slime % 1000 um A HM.
(m) (kg)
0-1.5 SAND, fine - medium grained. Light brown, grades to
' light grey. H.M. >2%.
1.5 - 3.5 SAND, fine - medium grained, light grey with brown bands.
H.M. seam. 2 57.
3.5 - 5.5 ' SAND, medium grained, light grey. H.M. 2-5Z. Abundant
shell, -
5.5 - 6,25 SAND, coarse - very coarse grained, light grey. Abundant
shell. H.M. >2%. Hit Sandstone.
E.O.H. 6.25m. SANDSTONE
PIFEZOMETER HOLE
Rl
N
{3
G
o
oV
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A LINE NO:  3450N HOLE NO: 2320E

LOGGED BY: ANDREW DOVE DATE DRILLED: 16.1.89 METHOD: Rig
247
Interval Ty WE. Description Z Slime 2 1000 um Z H.M,
() lks)

0-1.5 SAND, fine - medium gfained, brown. H.M. >1%.

1.5 - 3.5 SAND, fine - medium grained, brown grading to amber.
H.M. 2-57.

73.5 - 5.5 SAND, fine - medium grained, amber. Grades to grey. Hit :

' indurated at  4.5m. H.M, 2-5Z. E

5.5 - 7.5 SAND, fine - medium grained, dark brown. Indurated, silty, g
Abundant fine shell.

7.5 -7.9 SAND, medium - coarse grained. Grey. Abundant fine and
coarse shell, Hit Sandstone.

E.Q.H. 9.0m. sandstone

L TR T P

PIEZOMETER HOLE |
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= 1
e i
& |
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VTRV R Y TITLE NO - E.L /88
mn i SoN m NS Wi SN DN B E wm om ma e it ‘e mm o wm mm -

AREA: COWPER POINT - HIGH DUNE LINE N¥O: 3450 HOLE NO: 2240E &
2;jé.)OGGIE!D BY:  ANDREW DOVE DATE DRILLED: 16.1.89 METHOD: Rig
Interval Dry . Wt. Description Z Slime % 1000 um 2 H.M.
(m) (kg)
0-1.,5 SAND, medium - coarse érained, grey. H.M. >1%.
1.5 - 3.5 SAND, fine - medium grained, dark brown. Indurated, silty.
3.5 - 5.5 SAND, fine - medium grained, dark brown, indurated, silty.

Abundant fine shell. Hit sandstone.
E.C.H. 5.5m. SANDSTONE

PIEZOMETER HOLE
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AREA: COWPER POINT — BACK BEACH LINE NO: 31508 HOLE NO: 1320
294 roceE BY: ANDREW DOVE DATE DRILLED: 23.1,89 METHOD: Rig
Interval Dry. We. Description % Slime % 1000 um % H.M.
(m} (kg)
0-1.5 SAND, fine - medium grained, dark brown, silty. O:Qanic,
indurated.
1,5 - 3.5 SAND, fine - medium grained, dark brown, indurated, silty.
3.5 - 5.5 ¢ AS ABOVE, coarser with depth. Some gravel., Grades to

grey., Abundant fine sh%ll, some coarse shell.

5.5 - 7.5 SAND, fine - medium grained, light grey. Some gravel.
Abundant and coarse shell. Hit sandstone - weathered.

E.0.H. 7.5m. SANDSTONE

PIEZOMETER HOLE
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AREA: COWPER POINT — BACK BEACH LINE NO: 3150N HOLE NO: 840F
3 U {LLOGGED BY:  ANDREW DOVE DATE DRILLED: 23.1.89 METHOD: Rig
Interval DryWe. Description Z Slime Z 1000 um % H.M,
(m) (kg)
0-1.5 SAND, medium - coarse grained, grey, grading to dark

brown. H.M. rich »5Z%.

"1.5 - 3.5 SAND, fine - medium grained, dark brown, silty. Indurated.
H.M, 2 — 5%,

3.5 - 5.25 SAND, medium -~ coarse grained, dark brown, silty. Clay
rich. H.M. >2%. Hit green grey clay.

E.0.H. 5.25m. CLAY

PIEZOMETER HOLE
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AREA: . .COWPER .POINT -~ BACK BEACH LINE NO: HOLE NO: q000E 2277w .
LOGGED BY: ANDREW DOVE DATE DRUILED: 23.1.89
A Method: Rig
SR, - ; |
~  Interval DrvsWe . Descriprion % Slime 1000 um % B.M.
(m) (kg}
0-1.% SAND, fine - medium graimed, brown, slightly indurated,
1.5 ~ 3.5 SAND, fine - medium grained, dark brown, indurated. Clay
rich.
3.5- 5.5 A% ABQVE, silty, clay rich.
5.5 - 6.0 AS ABCYE, hit yellow green clay, then sandstone.
E.Q0.E. 6.0m. SANDSTONE
PLEZOMETER HOLE
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AREA: COWPER POINT - HIGH DUNE LINE NO:  5o00n HOLE NO:  ;gg0g
2+ LOGGED BY: : :
3ij 56 ANDREW DOVE DATE DRILLED: 18 1,89  METHOD: Rig
Interval Dry WE. Description % Slime Z 1000 um % HM
(2) (kg) o
0-1.5 SAND, fine - medium gréined, grey, grades to dark brown.

Poss. indurated.

1.5 - 3.0 SAND, fine - medium grained, dark brown. Indurated.
Hit sandstone.

E.0.H. 3.0m. SANDSTONE

PIEZOMETER HOLE
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AREA:  COWPER POINT - BACK BEACH LINE ¥O: 16008 HOLE NO: 1000E
5{) BOGGED BY:  ANDREW DOVE DATE DRILLED:  25.1.89  METHOD: Rig
Interval Dryr. WE. Description %2 Slime 1000 um 7 B.M.
(m) (kg) '
0-1.5  SAND, medium grained-, grey, grading to greyish brown.
.1.5 - 3.5 SAND, medium grained, dark brown, indurated. Clay rich. Hif
weathered sandstone.
E.0.H. 3.5m. SANDSTONE
PIEZOMETER HOLE
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~ . AREA: COWPER POINT - HIGH DUNE LINE NO: 2500N BOLE NO: -;égéi
JUE’OGGED BY:  ANDREW DOVE DATE DRILLED:  21.1.89 METHOD: Rig
Inter&al Dry We. Description % Slime 2 1000 um % H.M,
(m) (kg)
0-1.5 SAND, fine - medium gréined. brown. H.M. trace.
1.5 - 3.5 AS ABOVE, grades to amber, Medium - coarse grained.
“H.M. <1Z.
3.5 - 5.5 SAND, fine - medium grained, amber. H.M. >27% :
5.5 - 7.5 AS ABOVE. H.M. >27.
7.5 - 9.5 AS ABOVE, some darker bands. H.M. >1%. r
9.5 - 11,5 SAND, medium - coarse grained, amber. H.M. =17.
11.5 = 13.5 AS ABOVE, grades to grey. Abundant fine shell at base. | %
H.M. >1Z.
13.5 - 15.0 | SAND, fine - medium grained, grey. Abundant fine shell, E

H.M. »17%. Hit Sandstone.
E.O.H, 15.0m. SANDSTONE

PIEZOMETER HOLE
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fley & Partriers Pty. Ltd.

[Engineering log

borehole

542

23195

COFFEY

ANNNY
oo

borehale no.: P37

sheet 1 of 1

aftice and job no: G65/3

Sydney

~ NATIONAL MINERAL SANDS BTY LTD
project: K ING ISLAND HEAVY MINERAL DEPOSIT

borehole Iomtion:03 7€

1600N

hole commenced: 2/2/89
hole completed: 2/2 /89

supervised by: R. Wilson
checked by: Dr. L. Drury
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‘white

SAND- fine to medium,
to light grey
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brown, micaceous
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-’ .| 5P/ | SAND- fine to coarse,
<. | SM | brown carbonacecus cement
[
4 I CLAY- high plasticity,

HEND OF HOLE AT 3.7m

. aﬁd .-81.0n1m iong

Spearpoint 60mm dia

drill modal and mounting: [jand auger & sludging slope: deg. R.L. surface:approX. 4m
hole diamater: 56 mm bearing: deg. datum:
. [ = - M [
c . u o
2 g | wotes k4 gg material sE §§5§§ structure and
s oy & o . . . . 1E2s]|a-|cce .. .
s |85 samples, 2] 2 ¢ |soit type: plasticity or particle characteristicy .%':a &>| 3E! additional observations
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[ ‘?;J“ COFFEY :éngjab
§nhgineering log AN |
borehole dddd |

office and job no:

hols commenced: 89
NATIONAL MINERAL SANDS PTY LTD ols commanced: 2/2/

hole completod: 2/2/89
t,,-,c.: KING ISLAND HEAVY MINERAL DEPOSIT supervised by: R.WiLson
rehole location: ()39E 1600N checked by: Dy, L. Drury
t(ill model and mounting: Hgnd augering & sludgitigpe: deg. R.L. surface: appP. & m
ole diameter: 56 mm baaring: deg. datum:

[ =4 - M
[~

g L 5 notes g g.i material £s }E'TE structure and

t = &= ' H

3 § 'Ef samples, 2 g E {soil type: plasticity or particle characterlstics Eo |&> additional observations
= clwx

g glg? Eg|5t

2 &l 3 ° 5

tests.etc, | I depth

colour, secondery and minor components
:!i & metres

o | SP | SAND- fine to medium,

a=h

i

- ° -Brey . ..
g _becomes brown, weak |
- carbonaceous cement
s I
. 7-4m_4 -
~ -:
y 4 r .

L\ CLAY-high plasticity, browip
- END OF HOLE AT 3.5m

PVC Dia. 30mm.

&
i
i
:l
]
i
]
=1
3"
'—"_“JJ—*-‘—_——*——:—‘%

— —
fmathod [ agMy  mplas ared bty annification symhoty sonaistuncy [dendity irder irdas
A ——— M mud ush wnditurtand sampie 50 mm 0 30 deperprinn ;’s ;" et
AD g Srlting” [ Samarer based ons unified H il
] olbew 1 atore P o dnurbed wmple [T r—— © i
:;"r wesafibaore ging g . A5 vy anifl
caba foof retunal N manded prieation e mootre M ot
*bel shorwm by wifin. —tr Tegpure = rewlt o o fo Sciable
B N = LS SPT ¢ amply vL vvy loow
v ek ¥ 16 dan 28 warer devel on dete thown e . M - v e
1 TC ba Pp—  watrntiow K] wet o ;:k'un darne
I g ADT —d]|  wete ourliow vk vy s

R S i AR Bl T B o i e

EEh e e




—_

f‘l 307

foy & Partners Pty. Lid,
fngineering log
borehole

LOFFEY

ARG
VIS4

oftice and job nn:S).rkdney G65/3

NATIONAL MINERAL SANDS PTY LTD

project: KING ISLAND HEAVY MINERAL DEPOSIT
borehole location: 037E 1611N

hola commenced: 2 /2 /89
hole completed: 2/2/89
supervised by: R.Wilson
checked by Dr JL.Drury

dril model and mounting: Hand auger & sludging slope: dey. R.L. surface: APProxX.4 m
hole diameter: mm bearing: dey. datum:
g l [ c . ;- = o 6
= Jg] | neres ol = 3 material ggleels £E structure and
b 2 ] R (S 2 sa
® % § samples, “‘E, g £ [soil type: plesticity or particle characteristi .‘-é‘-'a _gf > EE additional observations
i1 wsteete. | i depth| =) B & | colour, secondary and minor components | E § §§ kPa
'1 2 3i || rmetres] =} 5 ° BPR2S
[-F ’_— - - SP SAND- fine to medium, white -
- light grey .
- . .
. .
2 ‘ =]
2.5m
5 | .1-2.3
- - sp/ | SAND- fine to coarse, lighg 4 1'2 sFrongly
stained ,indurated
- SM brown to yellow

CLAY- high plastcicity,brown
END OF HOLE AT 3.6m
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PVC Dia.  30mm.
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floy & Part Pey. .
Cotley sriners Pry. Ltd u“ff[v borehote no.:psQ
d’ngmeermg log ANANY
L LL sheet | of )
rehole
office and job no: Sydney G65/3
: hols commenced: 2/2/89
NATIONAL MINERAL SANDS PTY LTD hote completed: 2/2/89
borehola location: Q45W 160Q0N checked by Dr . L.Drury
——
‘Il madet and mounting: RC/Truck slopa: 90 deg. A.L. surface: m
le dlamater: 60  mm besring: deg. datum:
s 3 , =8 oo,
= § | ™otes g gg matarial *5|eE[s5E structure and
E & § samples, 2 g £ |soil typa: plasticity or particle characteristi g-’é _:"5.'3 [~ E_E additional observations
Eb g PP 1ests.etc. | -3 depth -‘5 E & | colour, secondary and minor components | E § g‘g kpﬂg
23 cmetres| =] T ] Yo oo
4 |SP | SaND--fine to medium, lighg | -
- brown to grey i -
N ' 7
Flaar | 2 ] [se/ , B
SM becomes fine to coarse
- -
] -
4 = -
- i -
- sp/ SAND- fine to coarse, dark .
— brown, weak carbonaceous -
6 SM
-l cement -
4 |sp; | GRAVELLY SAND-fine to [ -
- cp coarse, dark brown : 'll .
8 .
.j SP | SAND~ fine to coarse, dark -.-.11
- brown, locally carbonaceous | | -
- cemented i -
10 -
- SM SAND- fine to medium, grey ! I -
- to light grey : n
1 it n
12 L
B [ =
"{ ‘ ] i -
14 LAY— high plasticity, brown [ .
=] \stiff, micaceous ]
_J -
- END OF HOLE AT 13.5m -
b PYC DIA. 50mm B
awtho Pepgot € erung ogim  wmpla and ety slansitieaion rymigiy Sormimancy/denity wdan
riieeittn 4 "o U undamried samale 30 mm L dhpidior 5 e
I R rotertiricons mmemen 2 2 A resiiance o amteer m:.‘.i‘:':‘:un H fieen
w wearibrord N 4] GHrurberd wrrpls 5 e
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;b“ m;:vrhl:"ll mt N* :::: ::::I =] dry :I:_ :-::n-
: T‘éhhl.. ’!‘_‘ .‘.:.:1 :: ;ua' el on gte thren He COne e rbemietee : n:“-n'. .L‘ o :‘m .
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borehole

'

GOFHEY

ANNNY
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office and job no: Sydney G65/3

542319

borehole no,:P4l

sheat 1 ofl.

NATIONAL MINERAL SANDS ‘PTY LTD

toject: KING ISLAND HEAVY MINERAL DEPOSIT
rehole location: Q025W 1600N

hole commanced: 2/2/89
2/2/89
supsdrvited byR.Wilson
checked by: Dr.L.Drury

hole completed:

rill model and mounting: RC/Truck dopa: 90 deg. R.L. surface: m
ola diameter: 00 mm bearing: deg. datum:
= H9YN
g | notes g .§_ material £5 %‘ _'E EE; structure and
l & g samplas, 2 3 'g soil type: plasticity or particle characteristicy .'_:’% Bl 3 E additional observations
- c ot
g testr.etc. | i depth| 8| B & | colour, secondary and minor components | E§ | § 2
12 Cmetres] = o Yo
(T1171 1 R SP_ ] ]
- SAND— fine to medium
- light grey ! N
l 2 -
- becomes dark brown,weak -
I id 3.31 - carbonaceous cement . 1
USRS 1
i -
- . ) _‘ -
- GP coarse, dark brown, gravel
- fine to coarse 7
-
8 = SPp SAND- fine to coarse, dark 'j
= brown, weak carbonaceous . i
™ cement, some gravel -
0 ] . — -
- sp/ | SAND- fine to medium, lighf ! -
n SM brown grey, micaceous | |
- ) - | -
- CLAY- high plasticity, )
- brown, stiff _!
l 14 END OF HOLE AT 12.7m
7 PVC dia. 50mm
. o mppet e aarmpies ared tents Gauiticytion rymbgy oomidency/uity wxbar
St RS VES ekt s 80 e el o gt n e
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Coftey & Partners Pty. Ltd.

e.gineering log
borehole

LOFFEY

AN
VIIT4

office and job no:

542320

barehole "°':P4 2

sheet 1 of 1

Sydney G65/3

NATIONAL MINERAL SANDS PTY LTD

!nieCt:KING ISLAND HEAVY MINERAL DEPOSIT
rehole location: DOBW 1600N

hola commenced:
hole completed:

supervised by: R.Wilson
checked by: Dr.L.Drury

2/2/89
2/2/89

l:ll model and mounting: RC/Truck siope: 90 deg. R.L. surface: m
le diameter: 60 mm bearing: deg. datum:
o s . = D &
T i 5| Potes L3 2 3 material psleplsEs structure and
= = e = aes .
S ﬁ § samples, 2 E-S € |soil type: plasticity or particla charecteristics .§=a k> §_E additional observations
E ?I° tests,etc, _! depth g' 'E & colour, secendary and minor componants E § gé kPa
123 Tmetres] =] o o 2
- SP | SAND~ fine to medium, N
o light grey. i -
I 1.87 j -
af 1.
= 2~ =
- )
= becomes dark brown, weak -
7] carbonaceous cement -
4 - . -
] ;
6 ™ —
T ] T
-l
- ]
- SP SAND- fine to medium, dark .
8 = brown, weak, carbonaceous -
“] cement, some fine gravel -
d —
10 7 -
“ ' . ! -
=) SM SILTY SAND- fine, grey, f -
- ‘I micaceous, some thin -
. gravelly sand layers & -
12 - Clay pockets : -
- ————— -
- CH CLAY- high plasticity, broyn l ‘ a
' .stiff, micaceous l .{
I
14—
| END OF HOLE AT 13.4m
penshod [0 C  ching Sftep  sbemplm ind win danidieation symizaty eorirncy/danaity wdax
AS et scmwing® M e USD  uedisturbed semote 50 mm e poil dezcription 7 —ry 5%
Pyl shs ) prmysgs 12 3 it besad on unilied s it
w Mb:‘ ™ l’!llllm o Wistusbed Lampla Clamficatron sysiem “ i
B il oo %::‘mm L Farsdind prrication vent: s b m“'"
"ot hire by _-.lh:. —alae Tiguee = rewill o e o trinpte
\al :::.h:“ Hf 16 1am 7B warer bl on dat thown e SPT ¢ pample ™ et :‘.. vy hooes
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borehols no,: P43

GOFFEY

AN
VS TS

sheet L of 1

office and job no:

Sydney G65/3

ject:
shole location:

NATIONAL MINERAL SANDS PTY LTD

KING ISLAND HEAVY MINERAL DEPOSIT
200W 1900N

hols commenced: 2/2/89
hole completed: 2/2/89
supervised by: R.Wilson
checked bv:Dr L.Drury

lll madal and mounting:© R/C Truck topa: 90 deg. A.L. surface: m
e diameter: 60 mm bearing: deg. datum:
F ol £ . <3 o é
2 E 5 notes sl e 5 mataerial gs|2els E g structura and
5 8 g | motes, 2] 8 € |soit type: plasticity or particle charscteristicy £3 #>|"8€| additional observations
a . ‘" > c vt
g testretc. | i depth g # @ | colour, secondary and minor components |E2 |5 & oookl’n
12 rmetres] B ua St
= — S it =) —
- sp SAND- fine -to medium, loose) | ’— -
= white. to light grey i : -
%1 1.60 . -
2 " =
il -
4 = -
- -
- -
7 SP Dl . B
- SAND- fine to medium, dark -
6 .brown, weak carbonaceous -
- cement locally more -
-1 cemented ] j
8 - becomes fine to coarse I -
- i -
‘CLAY— high plasticicy, -
7 brown,stiff,micaceous -
12 END OF HOLE AT 10.3m i J
- PVC dia 50mm { -
- ! I __!
| ]
— —
ppporl C  cHing nowy  semple end Ints dlonitication rymin'y Eoistmncy /ity imdax
AS T b Krdaing M omu USH  uadtturbed sample 50 mm ol goi devcrprign »n vy aeT
:0 '::“"‘"‘" peiraton ' 2 ) daprarnr based on wnilied % :M:
w Lm;‘m 0 iesitanos D drsted wmple Chmtificatian 1ypigm © l;"'
€1 cabs oot %'m hd L] sandard penetration tesi: bl s brif}
et gharven by wihl, weauar retas Fiqure = renatt ;_‘lﬂ!'.'.! o ';‘b ::::«
o rbal W 16 Jan A tttar bevat om st shown N ST " - o —
1 1C it ’—— wister inflow e TS prnram N wel £*]e ] rradiLam Gevne
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& Partners Pty. Ltd, .

gineering log
borehole

nnff[v borehole no.: P44

PP AURSMARU e

5423272

AN Y o
YIS Id4 sheet | of 1

office and job no: Sydney G65/3

NATIONAL MINERAL SANDS PTY LTD

l:jm;xmc ISLAND HEAVY MINERAL DEPOSLT
rehole location: 190W 1600N

hots commenced: 2/2/89
hale completod: 2/2/89
supervised by: R.Wilson
checked by: Dr L.Drury

light grey

Il model and mounting: R/C Truck sope: 90 deg. A.L. surface: m
le diameter: 60 mm . bearing: deg. datum:
% ol . ;.5 g o N
% {gl .| notes a1 8 materiat gslev|st g structure and
- a 2eje—icc s .
§ E samples, £ g 'é soil typs: plasticity or particle characteristi 25 Ex{ $E| additional observations
~ - o
g 3 tesisetc. | i geprh| S} 8B & | colour, secondary and minor componants | E S8(sd “P"S
12 ol I} U5 %xf
Ty Ma— e
r—l—"—-—r—-—"—"—_*————————_—'-"
- SP {SAND~ fine to medium, white
i

SAND- SILTY SAND, fine to
SM/|medium, dark grey and brown
Sp |some codrse sand

Sp SAND, fine to coarse, dark

brown, strong carbonaceous
cement

becomes white
non- carbonaceous

= CLAY- high plasticity, brow

12 4

END OF HQLE AT11.4m
PVC dia. SOmm

—
- .
— —
‘ 7] i
i | i
I Y IS W S 1 tlilil] _—————__—==1
gy s S S p—
= ! ¢ cang sample and Eastiaion vymboly conaiency[denpity ndar,
AS g mrraing u mod vs0 ursdisturted samply S0 mm amd poit dengrigtion :5 :“"' s’
AD  mmge orlimg prsTmon 1 2 2 diammer Tted gn wniled H T
L] rolterArcone iy rmid Uever: v disturbed wmate clstiticHion yesem . it
by byttt ranging |0 — == Vi very quift
CT  cable wol rebiam L] WML BETrrprOn Lebd — H ard
by Ehawn by sulfix. tir Tigure = reyuil o or. fo frimble
kb - N SPT & pamole v, ~ETY b
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& Partners Pty. Ltd.
rfineering log

-i)iehole

e

COFFEY

542323

borehots no.:P45

ANy

YL L 4 lof 1

sheet

oftice and job na:Sydney Gb65/3

NATIONAL MINERAL SANDS PTY LTD
pfl:t: KING ISLAND HEAVY MINERAL DEPOSIT

hola cammenced: 3/ 2/89
haie completed: 3/2/89
suparvised by: R.Wilson

borehole location: 2308E 4378N checked by: Dr. L.Drury
drjill model and mounting: R/C Truck slopa: 90 deg. R.L. surface: m
he diameter: 60 mm bearing: deg. datum:
5 | ol 5 . =3 |od v
g | | notes gl e 3 material e6|2elsEs structure and
o & 2= = . -
13 % g | mmpler, 2] 8 € |eoit type: plesticity or particle characteristicy 23 8| 8E| additional observations
E g P tesis.onc. | i depth| = ] & colour, secondary and minor components | € @ S'g kPa
i 2 Cmetres] 2| G . w3 %g
- — ——— ———————————————
- SP | SAND- fine -to medium, light -
. brown, becomes white I ]
f , . -
2 2,090 2 ' o =
- - SP/} SAND- fine to coarse, light -
- SW | grey, white, trace of fine -
- shell fragments :{
4 = —
- 100mm thick shell layer -
6 . —
- SP SAND- fine to medium, brows -
- weak carbonaceous cement, -
- shell fragments ~
8 _i SANDY LIMESTONE, white *
. porous, low strength 7
- END OF HOLE at 8.5m -1
10— -
- PVC dia. 50mm -
- H -
Ap— ‘ —
- | l b
- ' -
o H " il i =
- o T e | mEmme | g
pmetrmtan 1} 3 il o based o0 ynilied H i
nor!lilt-lﬂﬂ o daturbed yampte clamilicrtion systerm [ atitf
= o o a the e
¥ 16 an 78 watar v on ddata ahawn vemoly " " N iy
P mtermliow fe  formemrimma w vt ua " edium denva
—uf  wate outltow I:D :,':'m"

T T T A T L T T e e ey = s

g AL




Sig
Cof & Partners Pty. Ltd.
jgineering log
yorehole

LOFFEY

ANNN\Y
VLIS A

542324

barehale no.:

P46
theat ] of 1.

_I otfice and job no: G65/3
hols commenced: 3 /2 f89
hole completed: RW
Et:t: supervised by:
ole location:  APPRAX 2329E 4320N checked by:
ok modal and mounting: RC/TRUCK tiopa: 90 deg. A.L. surface: m
hll diamater: 60 mm boaring: - deg. dstum:
) ——
notes gl &_ material ts Fuie § s structurs and
-— - - - = o g -
samplas, 2 _g 'E toil type: plasticity or particle characteristics % 3 E > E_E additional observations
tests.etc. | i depeh| 8| B & | colour, secondary and minor componants | E§ | S | kP
Cmetres| B T o3 o]
- e — oS
e —————
T 1] ) L Il
SP | SAND fine to medium light i
brange brown | B
- _ ]
7 - becomes mottled light grey -
A white ‘ -
4 | struck water :_
3.57 . B
J -
6 _: becomes- me.d:i.ufn to coarse -
- B
_| -l
- 7
g - SP/ | SAND medium to coarse, -
- GP | light grey white, some "
- shedls, 100mm GRAVEL B
- layer at hase q
4 LIMESTONE, white cream, -
. porotis i -
— End of Bore at 9.5m " -
12 7] i ﬁ
- OBSERVATION STANDPIPE 'i N
. 50mm $ | i
14 | -
| -
s it ' sonsiasncytdmouty ieten
urger sciewiny® s ﬁ‘ w £ mwhsﬂm % ) ?h m‘r
g deilling” pwormon ' 2 3 . dienetar tumact o unified ¥ fiem
::l;.:r:-m no resislance o Sttubed wrple claaificrion wwaem 0 L
rangig (o . vSI ety suff
== Uzl 55| ¢ e o e
3 T-*mb:‘""- ol 0 Jan TH el daty shown e LT+ comoie : ::i" V: :zm
i e B .o o
ADT —af]  =re culltew vl wiry e

e ey e T g
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Coffey & Partners Pty. Lid. nn[fiv borehole no.:
ngineering lo AN 47
gl ering g A :
eSSl 4 sheat | of |
borehole
office and job no: 065/3
hols commenced: 3 /2 /89
hole completed: RW
project: supervised by:
barehole location:  APPROX 3460N 2430E checked by.
drill model and mounting: RC/TRUCK slopa: 90  deg- R.L. surface: m
hote diarneter: 60 mm besring: - deg. datum:
£ ‘ c =5lod
gl € [g| .| notes gl 8- material £5{ge cEEts structure and
'§ E‘, % § sarmnples, E E 'E soil type: piasticity or particle characteristicy %:‘é g z §_E additional observations
El ¢ |* tasts.eic. | j depth] &) B & | colour, secondary and minor componants | E g5 e kbs
123 cmetras] | © eZ =5 n§
N SP | SAND fine to medium light i
i brown orange becomes light -
- grey -
2 -
_ . -
l *1 251 ] )
: j becomes fine to coarse ]
| i :
1 : ]
- i :
I VELLY SAND fine to —_
6 SP/
. coarse, grey, gravel to ~
GP
I ] \FLIMESTONE, white, porons .
8
B E
l i ‘End of Bore at 6.6m .
- OBSERVATION STANDPIPE -
I 10 — 50mm @ | -
I
| ]
- |
I 12 ] N
- ! | =1
- sl -
i : | :
I 14 3
I 116 ) _L_L.l_d_.___.ﬁ__._%
Tl el B OEESIe. | mEmme | S
I 20 e sneg e s 73 e ot st P
W ebove paAkissui : """'h:‘m:_mm_ - bt Vit Yo st
Cem | o s e moe B,
. il T 16 Ja0 T8 watar devel 64 date shawn :' SPT + wimcte " troist o i
T 1 bit P— water nbiow ‘e cana othalamae W et Bl g daras
I g ADT —d]  war curtem Eu wry deni
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l Jio
oy & Partners Pty. Ltd,

qghgineering log
borehole

542326
nn'FEv borehole no.:
ALY P4B
rrSS 4 stheet 1 of 1

office and job no: G65/3

hola commenced: /2 /89
hnle completed: 6/2/89
t’ojact: supervited by: RW
rehole location: chocked by:
‘rill mode! and mounting: CONVENTIONAL/TRUCK slopa: g0 deg. R.L. surface: m
ole diameier: 100 m™m bearing:  _ deg. datum:
5 c - s oo .
= . Notes &8s 3 material g S{122ct g structure and
l § § semples, o _3._ € [soil type: plasticity or particle characteristicd & 5 tg -1 E_E additional observations
= oc =
B tesiserc. | i depth| 8] B & | cotour, secondary and minor components | E 8 £e | xPa
12 cmetres] =] 5 “3 _m§
T ] SP | SAND- fine to medium,light I ! -
. orange grey becomes light ! 7
C | grey : )
I 1 :
2 | 7
- i -
- ! -
i : :
L 4 1 . . -
= SP/ | SAND fine to coarse, light =
l. 3.63 -1 SM | grey B
-l -y
I 6 ]
T End at Bore at 5.6m | 1
- S i -
. ot -
] SPEARPOINT 50mmf# o .
8 — 810mm long :' i _
4 i % .
Sl
- | "'
T | i
i
10 - : i
— 1 ! I J
- | ¢ -~
5 i .
- S -
12 L -
- Bl
- P 7
- |: P -
] i .
- ! | i -
14 ~] | -
- i -
i ; s
4 l =
16 1 T
L] = ——r = —
T TSI | SEmEe | PSS
AD - auger aviling” Enamgn | 23 diomaia nased 06 unitivd 5 o
w :.:-hb::,- o ceintance -] Db 1pte Hastification sviier ) wir
CcT catie wol m 1o M .u.u.-d T ATON L mosmturd T :SI ::; st
“ust whawe By witia. —tar . figure = result O Fy frisble
:, ?}"-'LT T 16 Jor T8 water kvl on data shown :‘ S« s L L !" :;:.m
T e S e tome ocnawracaier * -t ] e e
eg. ADT —d  wmier outitow '30 :-:y-ann

s et A

R ]
i

LA Mk T W A B S e e i e, 3 @ A
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!fay & Partners Pty. Lid.

542327

nnff[v borehole no.:
ghgineering log TN |
VS S 4 sheet | of |
rehole
' affice and job no:  G65/3
hols commenced: 3/2/89
hole completed: 3/2/39
toject: superviced by: RW
rehole location: checked by:
lrill maodel and muuntin%): CONVENTIONAL/ TRUCK slope: 90 deg. R.L. surface: m
ole diameter: 10 mm bearing: deg. datum:
= - : .
< & notes gl 5 material 5 FE[EE B structure and
o A -_— [ =3 - — e .. .
£ § ; samples, o g‘g soil typa: plasticity or particle characteristicy %'{é E z £ | additional observations
E i a testsote. | i depth| 8] B Z | colour, secandary and minor components | E 8§ | S g kPaS
2 Cmetres] B T o |ogoT
— S —
- SP | SAND fine to medium, light y
- brown orange becomes light 7
n grey white 7]
2 ]
4 ] —
] : -
Z | ] _
6 / GP/ | GRAVELLY Layer —
- SP -
.. End of Bore at 6.5m .
8 — =
. SPEARPOINT 60mm ¢ T
-1 - 810mm long B
. -
R -
10 -
12— ]
- | ]
] | .
I 14 — ']
I 16 ]
ifieation o J] posmidencyideveity i
T e | S e | Fm——
I :B :;:::I;: pesraten 1 23 R a :‘:::::. o m:,:;'::“n ;. :;'.f.'
:T ::uh: %mm L] ?.u-;dr:.:lrnim et mpiturs :Sl m“m
-lhl “":":"u:‘"“ = N® S':;': sample o = “'- . :‘II,. ::fvwlllﬂl
v bt X 10 Janr 7B wata: hevml gn cate shgran e cons oeReIOETE L s L toone
I 1 TCht P i mlow W el :n Tredium gem
g ADT —f] v outtiow 'y w—ry genee

P T e S B

xS
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¥ R

Coffey & Partners Pty. Ltd. Bn'f[' barehale no,:

Iang'ineering log 3> ,:.fol oy
orehole

~

olfice and job na: . Gb65/3

hola commenced: 6/2 /89

hate completed: 6/2/89
project: supervised by: R
barehole tocation: checked by:

drill madet and mounting:  CONVENTIONAL/TRUCK o0, 90 4 A.L. surface: m
hole diameter: 232 mm bearing: deg. datum:

[ - M
£ ] .| notes gl s- material 25 39 §§§ structure and
-— - = [ TR ¥ = o e -
H § g wmples, 2 -Q'E soil type: plasticity or particle characteristics 'g‘ 5 |E > E_E additional observations
= c laxe
E §_ a tests,otc. | i depth{ © ] & | colour, tecondary and minor components | E g8 § g W’S
f 12 ;,._F-E acmetres] | © o PEEY
- sp SAND  fine to coarse, orange N
7 grey - l T
II I -

s

1 1

becomes light grey

l £+ 1

1

SAND fine to coarse, dark

grey black, weak
F ' 6 ' |carbonaceous cement, shells

Eﬁd_pf Bore at 7.5m

PRODU CTION BORE

SCREEN 160mm @
S 1.2m long
LErainless steel ]

10

it 11 3 b

CASING 160mm @
" 0.,0m long
12 Galvanised Iron

I 33

1

|

i

[PACKING 160kg ]
B/16 sand l

|
!
'

Ly 3

14

1.t
TR BN I VST R SN U N AT

puppoil L cmm new  vemplm and mio lanfitation vyt condiatncy/duralty iodex
e M U undishrbed werpla 30 mm 03 1ol Beyeriprion b :n.-e
AT e el tM=an 2 3 dismiter hased on uhniled F
l A talteriricone — ™ o Lot o b samote clem:lCation syitem “ :;:'l'
W sashbon rawging 10 sy R S —— "
o oot %:ﬂ? N Waredard pErvtratiem L ature :Si - "
"ol shoees by tutin, ter ::.r,.. poind D-s___ . B p
B N f e mﬂﬂ
: E'::':m" 4 G Lan 78 wyatay dwved o dath shosen e mp " it v o
T TCwit | R prerimme K el MO dlﬁwd-mm deme
ag ADT —alf e puttiow o, o

N

B

R CEL RV

AP T T

T T e rv—r—
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Coffey & Partnars Pty. Ltd.

fengineering log
borehole

GOFFEY

AN Y
VSIS ST 4

542329

borehols no,:

P51

sheat 1 of 1

)I

office and job no: G65/3
hola commenced: 6/2/89
hole completed: 6/2/89
project: supervised by: RW
borehole location: checked by:
drill model end mounting: CONVENTIONAL /TRUCK slope: 20 deg. R.L. surface: m
holea diameter: 100 mm bearing:  _, deg. datum:
g al S . 58 |2 é 5
= notes gl e 3 material £s EE 5 g8 structure and
"E-" samples, £ 8 £ |sofl type: plasticity or particla characteristi _":_"-% £ >| Z€| additional observations
. = e
2 tesisate. | i depth] S| B & | colour, secondary snd minor componants | E 5 S E i kP
123 Cmetres| o] G 93 Eesg
—_— e et
_ SP ]| SAND fine to medium, light ] .
- grey white 1
2 -—
£x ~] 4
“12.24
- -
. 1
4 = —
- -
. n
6 ] SAND fine to medium, dark B
i brown, weak carbonaceous -
cement throughout i
pu -
8 4
10 _+ -
i -
] ]
12 — End of Bore at 11.0m ]
- il | j
7 SPEARPOINT 60mm @ 4
- | 810m long
14 7] B
- -y
16 B
g— e e T e e e e e
e mppmt  C cmird wrples e tents emification pymbore orrtancyldersity index
:SD #oge! atwing” M mud USD  undinturbed vempla 50 mm ol 10 deyeipcion :s :;:t':
n :z;:m pmitriton 4 3 . dismier based.of umititd H wh
W warhbons ::;'-'“‘:"' [ it turimd emple S e ] . e o
CT  eabla tool ratuasd L] Manderd enetraon Hat: mostre M -'-':u“'
“tut shown by witfin. e figuen = vewull o o 29 *rinbbe
v e X 1040 78 maset Hevel o dove shown - ”T"'":""__m u maa hy —
T ick P water mliow * e i i ol uo Techarh dheine
eg  ADT —  water cuthipw 2[. :'w-.m

P T T TR TN
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oy & Partners Pty. Ltd.

542330

e ———

0,

nanEv borehols no,:
. - - P52
gineering log AR
Yy rsys 4 sheet 1 of
rehole
office and job no: G65/3
hols commenced: 6/2/89
hole completed: 7/2/89
oject: supervised by: RW
borehole location: checked by:
lill model and mounting: CONVENTIONAL/TRUCK slope: 90 deg. R.L. surface: m
le diamater: 232 mm bearing: deg. datum:
notes gl a_ material rs § Bt § B structura and
_— - 25 [ TR ¥ o ) e .
samples, 2 g ‘é soll type: plasticity or particle characteristicd % 3 A Zz §_E additiona! obtervations
tests.ete. | i depth g g # | colour, sacondary and minor components | E 8 § § %P;S
Irrnutrus_‘:J 7] v ) < #
T SAND fine to medium, light -
- grey ~ white I -
2 —
. .
4 = ]
-1 “_S-AI;]D, fine to medium, dark ]
I brown, weak carbonaceous ]
5 30 1 cement = N
6 -1
- 7
T T ] -i
i ¥ -
8 -1 l ] b
4 | | saMD, fine to mediu, light l 4
- brown grey ' - k
10 7 ' 1 %
- -GRAVELLY SAND fine to -1 L
] coarse, dark grey shelly 3 L
[
12 ] End of Bore at 12,5m ; B ‘
- } — L
+ PRODUCTION BORE P ~ }
bl - :
- SCREEN 160mm ¢ 1.2m long ! | ~ v
- stainless steel i m [
14 — | 7 ﬁ
- CASING 160mm @ 11.7m long ! 4
~ galvanised iron ! B £
16 PACKING 200kg 8/16 sand ‘ | :
Buger gcrewnny mpet f‘l C:‘"‘l g ::‘:,:: ::..:.. S0 mm ﬂﬂmu :’mm"?\::‘*.
oy e N o e caitamion prser 5 it £
washisore rarmgirg 1o trd : —— . ey el
biy i-::.. h::'" n %r& " lrw-‘mmm s a s ory E: ::;"'
blark b1 T 1G Jan 78 watar Hevrl on date shown SHT » vmte M e rL :-_m
Teon )!— u:uc nficw He pons perairareer w ~t MD rcium derse
ADT —d  vaer cuttinw 3;, :qmm

J T T e |
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Il JUDELL PLATT THOMAS & ASSOCIATES
A Division of Camp Scott Furphy Pty. Lid.
tincorporated in Victorial
N\
.k “This laboratory is registered by the National Association of Ollice and $BA WILLOQUGHEY ROAD.
Tesiing Authorites. Australia. The tesls reported heremn have Laboralories: CROWS NEST NS AUSTRALA
been pertormed in accordance with its lerms of registralion. ™ PO BOX 565
"This documeni shall nat be reproduced excepl in tunt - CROWS NEST N SW  JUuh
TELEPHONE (02 239 ar:7y
FACSIMILE M7 1059 8i450
TELEX AAD Zeis
I LABORATORY REPORT
. No. 8902036 Page 1
Client: Coffey & Partners Pty. Ltd., Date Recelived: 14.2.89
l P.0, Box 125,
NORTH RYDE N.S.W. 2113 Date of Collection: 14.2.89
I Attention: Dr. L. Drury Client Ref: Job No. G65/3
Description of Sample: Water samples from King Island Heavy Mineral Mine, as below:
l Reference Number: 147 148 149 150
SamPle Origin: Mouth of Swamp Beach Spea.rpoint Production Bore
l Blowhole Ck. Cowpers Pt. P37 P50
West of P25 Narracoopa Cowpers Pt.
l p (Method 423%) 8.8 6.2 5.1 7.3
. Biochemical Oxygen Demand,
BODs, mg/L
l (Method 507%) <35 17 <5 <5
: True Colour, Pt—Co units,
l (Method 204A* Modified -
filrration) 29 500 220 26
Suspended solids, mg/L,
(Method 209C%) 13 51 < 2 < 2
Specific conductance, at 259C,
I microsiemens/cm, _
(Method 205%) 34 300 1 760 686 1 370
I Caleium, Ca, mg/L,
(Method 311A%) 500 (24.95) 58 (2.89) 10.3 (0.501) 127 (6,34)
Magnesium, Mg, mg/L,
I (Method 318A%) B8O (72.42) 36 (2.96) 14.1 (1.16) 21.0 (1.73)
: Sodium, Na, mg/L,
' (Method 325A%) 5 800 (252.30) 225 (9.79) 95 (4.13) 138 (6.00)
ar Potassium, K, mg/L,
F {Method 322A%) 64 ( 1.64) 6.4 (0.16) 1.9 (0.05) 4.2 {(0.11)
Nitrate, NO3~, mg/L,
(Method 418D%) 3.1 ¢ 0.05) 3.1 (0.05) 2.7 (0.04) 0.9 (0.01)
F Bicarbonate, HCO™3, mg/L, :
(Method 403%) 102 ( 1.67) 70 (1.15) < I (<0.02) 247 (4.05)
’ Carbonate, COF, mg/L
1 (Method 403%) 25 ( 0.83) Nil Nil Ni1



JUDELL PLATT THOMAS & ASSQCIATES

A Division a! Camp Scott Furphy Pty. Lid,
{incorpotated in Vicloria)

323

i
1
1
.Client:

Othice and
Laboralornies:

“Thes laboratory is registered by the Natonal Association of
Testing Authorities. Austraha. The tests reported heren have
been pertormed i accoraance with its lerms of regisiranon. ™

“This documen! shall not be reproduced excepl in full

LABORATORY REPORT

No. 8902036 Page 2
Coffey & Partners Pty. Ltd., Date Recelved:
P.O. Box 125,
NORTH RYDE

N.S.W. 2113

Date of Collection:

.
542333

158 WILLOUGHEY ROAD,
CROWS NFST N S3% AUSTRALIA
PO BOX 565

CROWS NEST b2 2005
TELEPHONE .70 230 4177
FACSIMILE, ' 239 g6
TEILEX AAD T IS

14,2.89

14, 2,89

Attention:

Dr. L. Drury Client Ref:

Description of Sample:

Job No. G65/3

Water samples from King Island Heavy Mineral Mine, as below:

Reference Number: 147 148 149 150
Sample Origin: Mouth of Swamp Beach Spearpoint Production Bore
I Blowhole Ck. Cowpers Pt. P37 P50
West of P25 Narracoopa Cowpers Pt.
ISulphate, S04-, mg/L,
{Method 426C%*) 1 700 ( 35.39) 2 (0.04) 28 (0.58) 51 (1.06)
Chloride, C17, mg/L,
(Method 407C*) 11600 (327,24) 529 (14,92) 188 (5.30) 331 (9.34)
Total Arsenie, As, mg/L
(Method 303Ex%) 0.003 < 0.002 0.002 < 0.002
Total Zine, Zan, mg/L
(Methods 302D%, 328A%) < 0.01 < 0.01 0.06 0.02
Total Copper, Cu, mg/L
(Methods 302D%, 304%) < 0.01 < 0.01 < 0.0l < 0,01
Total Lead, Pb, mg/L
I (Methods 302D*, 304%) < 0.01 < 0,01 < 0.01 < 0.01
Total Cadmium, Cd, mg /L
(Methods 302D%, 304%) 0.004 0.002 < 0.001 < 0.001
ITotal Iron, Fe, mg/L,
(Methods 302D*, 315A%*) 0.06 0.65 2.16 0.34
ITotal Chromium, Cr, mg/L
(Methods 302D%, 304x) < 0.01 < 0.01 < 0.01 < 0.01
lTotal Manganese, Mn, mg/L,
(Methods 302D%, 319a%
or 304%) < 0,01 0.07 0.04 0.04
ICations/Anions, A 96.2 97.8 98.7 98.0

* Standard Methods for the Examination of Water and Wastewater

I l16th Edition, 1985
. /{?5/)

A.P.H.A, - A.W.W.A, — W.P.C.F.

P



JUDELL PLATT THOMAS & ASSOCIATES

A Division ol Camip Scoft Furphy Ply, Lid,
{{ncarporaled in Viclonia)

“'This laboratory s regisiered by the Natwanai Assocsation of
Teshing Authories. Austraina. The tesis reported herem have
bean performed 1n accordance with ifs ferms of regisirahion.”™

“Thes gdocument shall not be reproduced excepf in full ™

LABORATORY REPORT

No. 8902036 Page 3

Client: Coffey & Partners Pty. Ltd.,

Othce and
Luboratones:

Date Recelved:

P.0, Box 125, .

NORTH RYDE N.S.W. 2113

Date of Collection:

hA2334

1G8 WILLOUGHRBY RQAaD

CROWS NEST. NS AUSTHALIA
PO BOX 665

CROWS NEST NS A
TELLPHONE: 12y 23 AR
FACSIMILL 21 2308 2660

TLLEX: ANZTAGR

14.2,.89

14.2.89

Attention: Dr. L. Drury Client Ref:

Description of Sample:

Reference Number: 151 152 153
Sample Origin: Frazer River Frazer River Swamp
Mouth Bridge 14008 380W
, Narracoopa Narracoopa Narracoopa

pi {Method 423%) 7.3 6.8 4.2
Biochemicgl Oxygen Demand,

BODsg, mg/L

{Method 507%) <5 8 11
True Colour, Pt-Co units,

{Method 204A%* Modified -

filtration) 55 300 260
Suspended sollds, mg/L,

(Method 209C%*) 13 18 67
Specific conductance, at 25°C,

microsiemens/cm,

{Method 205%) 4 340 430 331
Calcium, Ca, mg/L,

{Method 311A%) 160 ( 7.98) 16.6 (0.83) 4.3 (0.21)
Magneslium, Mg, mg/L,

{(Method 318A*) 98 ( 8.06) 12,9 (1.06) 5.4 (0.44)
Sodium, Na, mg/L,

{Method 325A%) 740 ( 32.19) 61 (2.65) 44 (1.91)
Potassium, K, mg/L,

(Method 322A%) 18.5 ( 0.47) 3.0 (0.08) 1.0 (0.03)
Nitrate, NO3~, mg/L,

(Method 418D%) 3.1 ( 0.05) 2.2 €0.04) 4.0 (0.06)
Bicarbonate, HCOT3, mg/L,

{Method 403%) 123 ( 2.02) 72 (1.18) N1l

Ni
Method 40 NI N1l

Carbonnte, q&é§, mg /L

Job No. G65/3

Water samples from King Island Heavy Mineral Mine, as below:

154

Production Bore
P52
Narracoopa

44

24

< 2

558

5.2 (0.26)

11.4 (0.94)
76 (3.31)
1.8 ( 0.05)
3.1 (0.05)

NiI

Nt L /4
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A [vision of Carp Scolt Furphy Pty Lid.
{Incorporated 0 Victona)

“This faboralory 15 requsigred by the National Assocsaiion of

Testing Authorties, Ausiraka. The lests reparfed herein have
hean pertormed in accordance with ifs terms of reqistration. ™

“This document shall nol be reproduced except in 1wl

Client:

P.0. Box 125,

NORTH RYDE

N.5.W.

LABORATORY REPORT

No. 8902036 Page 4
Coffey & Partners Pty. Ltd.,

JUDELL PLATT THOMAS & ASSOCIATES

Qltice and
Laboralories;

Date Recelved:

2113

Attention: Dr.

L. Drury

Date of Collection:

16R WILLOUGHBY ROAD.
CROWS NEST NSW AUSTRALIA
PO HOX A05.

CROWS MNEST NSW Jiwh
TELFPHONE O 23 J8 7/
UACSINGLE a7 23 B

TELEX AN e

14,2.89

14.2.89

Client Ref:

Job No. G65/3

Description of Sample: Water samples from King Island Heavy Mineral Mine, as below:

Reference Number:

Sample Origin:

Sulphate, S04, mg/L,
(Method 426C%)

Chloride, C17, mg/L,
(Method 407Cx)

Total Arsenic, As, mg/L
{(Method 303E%)

Total Zine, Zn, mg/L
(Methods 302D%, 328A%)

Total Copper, Cu, mg/L
(Methods 302D%, 304%)

Total Lead, Pb, mg/L
(Methods 302D%, 304%*)

Total Cadmium, Cd, mg/L
(Methods 302D%, 304%)

Total Iron, Fe, mg/L,
(Methods 302D%, 3154%)

Total Chromium, Cr, mg/L
(Methods 302D%, 304%)

Total Manganese, Mn, mg/L,

(Methods 302D%, 319A%
or 304%)

1 580 ( 44.57)

131 152
Frazer River Frazer River
Mouth Bridge
Narracoopa Narracoopa
68 ( 1.42) <1 (£0.02)

0.002 0.003
< 0.01 0.02
< ¢.01 < 0.01
< 0.01 < 0.01
0.003 0.003
1.28 21.2
< 0.01: < 0.01
¢.10 0.79

153

Swamp
1400N 3B0W
Narracoopa

2 (0,04)

118 ( 3.33) 84 (2.37)

< 0.002
< 0.01
0.013

| < O;Ol
0.002
0.34

< 0.0l

0.02

154

Production Bore
P52
Narracoopa

27 (0.56)

138 (3.89)

< 0.002

1.96

< 0.01

0.018

< 0.001

< 0,01
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Client:

Attention:

-~ JUDELL PLATT THOMAS & ASSOCIATES
J Ii U A Drvision of Camp Scott Furphy Ply. Lid
{Incorporated in Victona)

“This laboratory 15 requslerad by the National Association of
Taesting Authordies. Aushratia. The tests reported herein have
be#n performed n accordance with is lerms of regisfralion ™

“Ths daocument shall not be reproduced axcep! in full '

LABORATORY REPORT

No. 8902036 Page 5
Coffey & Partners Pty. Ltd.,

Ofhce and
Latwralones. CROWS NS2T NSW  ALSTRALIA

Date Recelved:

P.0. Box 123,

NORTH RYDE N.S.W. 2113

Date of Collection:

T6H WILLOL-OHBY ROAL,

PO BOY 22

CROWS =37 NSW e
TELEFHAONZ 020330 4177
FACSIN LS
TLLEY Ax27op08

RREREL R YR

14,2.89

14.2.89

Dr. L. Drury Client Ref:

Description of Sample:

Reference Rumber: 151 152 153

Sample Origin: Frazer River Frazer River Swamp

1400N 380W
Narracoopa

Houth
Narracoopa

Bridge
Narraccopa

Total Coliforms,
organisms/100mL
(Method 909A%) - - -

Faecal Coliforms,
organisms/100mL
{Method 909C*) - - -

Standard Plate Count,

organisms/mL
(Method 907%)
Cations/Anions, % 101, 4 101.7 105.0
+ Standard Methods for the Examination of Water and Wastewater
15th Edition, 1980

A.P.H.A., -~ AW.W.A., - W,P,C.F.

* Standard Methods for the Examination of Water and Wastewater
l6th Edition, 1985

A.P.H.A — A W.W.A, - W.P.C.F.

L

.C. ANDERSON

Job No.

G65/3

Water samples from King Island Heavy Mineral Mine, as below:

154

Production Bore
P52
Narracoopa

TNTC

480

59 000

101.0
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COFFEY & PARTNERS PTY. LTD. Analytical Services
21-25 Manilla St, East Brisbane,
SILAINTUI 50 Ban. g rsbons. G 4165
ANALYSIS OF WATER SAMPLES Telex AA42876 Fax (07) 391 3404
A dwvision of SGS Auslralia Pty. Lid. :ncorporated in N.S W FPhene {07) 391 5366
ﬁ 3 2 ":, . . . e ————
SAMPLE DESCRIPTION: WATERS, ORDER NUMBER 25603
DATE RECEIVED: MAY 4, 1988,
CLIENT SAMPLE REFERENCE: P 6 P 6 P 6 P9 P9 P9
X Y z X Y Z
LABORATORY REFERENCE NO.: QL6774/1  QL6ET74/2 QULE774/3 QL6T74/4 QL6774/5 QL6774/6 SG5 Quantum
Method No.
oH 7.4 - i, 4.7 - - 9.125
Conductivity uS/em 3050. - - 3830. - - 9.060
Total D1sso1ved Salts mg/L 2160. - - 2110. - - 9.180
Colour PCU 6700. - - 17000. - - 9.055
Turbidity NTU 2400. - - 5000. - - 9.185
Calcium as Ca mg/L 130. - - 20. - - 9,035
Magnesium as Mg mg/L 95, - - 83. - - 9,095
Sodium as Na mg/L 360. - - 630. - - 9.155
Potassium as K mg/L 23. - - 23. - - 9.135
Alkalinity as CaC03 mg/L 660. - - 16. - - 9,010
Sulphate as S04 mg/L 350. - 240, - - 9.165
Chloride as C1 mg/L 540. - - 1100. - - 9,040
Sulphide as S mg/L - - < 1. - - < 1. 9,170
Iron as Fe mg/L - 0.8 - - 9,085
Manganese as Mn mg/L - 3.6 - - 9.100 )
g7
T movey gy repesiered Ba alinng . i;
Coffey & Pa rtners Pt}". Ltd ] . ?}. f\r\ll:uil.lll::llll\l l-cal.ulllg.-l\-.ulllurilli-u.';.A::lr?ﬁa.Tl‘_\: S1gﬂ4- sasasasdBeenensn :_-‘3
B B TRt et e e e el o v
EAST BRISBANE' QLD' 4169' document ol nonhe n'prudm.'t':lc!u:cplin Tull.

=3
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- New South Wales Govermment <%
M — S S
Department of Health
_RADIATION HEALTH SERVICES
Mr J Anderson Joseph Street
Judall Platt Thomas & Assoclates k‘(‘;'gg;‘sb?é;ﬁgv- 2141
168 Willoughby Rd PO. Box 162 Li
CROWS NEST 2065 226 2141 Acstiata
Telex; 72233

Facs: (02) 646 0333
Qur reference; )

14
Your Telerence.

7 Apl‘ll. 1989 Phone: 646 0222

RE: WATER SAMPLES - RADIOACTIVITY

The results of gross alpha and gross beta analysis for water samples
are as follows:-

Sample Alpha Beta
Bq/1 Bq/1
147 Q.64 £ ;95 6.50 & 2.45
148 - 0.26 + .83 B9 1+ 2.1
149 0+ 0.7 0.67 £ 2.08
150 Q.14 £+ .79 gz 1,99
151 0% .7H 1.84 £ 2.6
152 0.13 £ 0.79 1.2 £ 2,12
153 0+ 0.75 1.22 = 2,12
Tl SIS S B B R P |

Viivesn i op each soaatple ses evaporaled ooy piadchette ang cnayed

for 50 minutes in a Canberra Law Level Alpha Beta System,

The results are quoted with an associated assessment of the error
and from these results it is unlikely that there is any gross alpha
or beta concentration in any sample to be of any concern.

Yours faithfully

AL

GEORGE GANDY
Sclentific Officer
Radiation Health Scrvices
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