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EXECUTIVE SUMMARY

The contents of this Engineering Report - May 1982
has covered all aspects of the proposed rehabilitation works to be

carried out at Rum Jungle.

Previous recommendations of measures to be adopted
have been studied in more detail with the object of proposing
activities that should achieve the standard of rehabilitation

considered appropriate'by the Commonwealth Government.

The repoxt confined its studies and investigations
to the Strategy D measures put forward in 'The Summary' - April
1978 from which certain metal pollution reductions would result

from the implementation of various activities.

The investigations carried out during March to
May 1982 have provided further information on the proposed '
measures to be adopted and this report has recommended some of
Strategy D measures be changed for a more cost effective

solution and to achieve a higher probability of long term success.

The rehabilitation standards have remained the

prime objective when considering the total project works.

This report recommends the expenditure of $17.3 M
dollars (July 1982 dollars) to achieve the standards of rehabilitation

considered appropriate by both Commonwealth and N.T. Governments.

All project activities can be achieved in a three
year time frame, provided the project commencement date is no later
than the lst October, 1982.

The water treatment plant study has provided details
of a suitable plant and its associated costs to properly treat and
discharge all contaminated water. Previous reports had no detailed
information available on a method of water treatment hence the

estimates for the plant were not representative.




_ As a result of the study the cost of the water
treatment is significant and it is recommended that the Commonwealth
Government reconsider the funds considered appropriate for the works

and approve an additional amount for the water treatment plant.

The only éther alternative is a reduction in other
measures to accommodate the additional water treatment costs. It

is not recommended to delete treatment of the open cut pit water.

It is expected to achieve the standards of
rehabilitation once all measures recommended in this report have

been implemented.

All measures have been selected using current
technology with a low probability of failure or technical

complications.




: MAP 24
115000 | THE RUM JUNGLE MINE

TO MD%NT FITCH MINE Skm

2]
0586 07 08 09 W M q2 13 M 15 16 17 18 19 20 2 22 2 2
03 7.0 T ik I

27 8 29 30
T T "_i 60@

25 26

58

e

Sitc o Cepper /
Loungess
= o . 52
: ST oF E‘;'&.
i werksnors (L3 peadATRLAMENT (PRt
t PLANT [ttt
‘ . - . -5
5@
-~ 49
Site ol Copper
amEE SR .. Lounders, ... 48

EXTENDED

UPPLR WAL OF
AL D,

E 3
X -
- S, o N g .
2 : ;E e ﬁ--: A
- HAWEL | rquiter |
. S =y ! -
] z ' ‘ |
! £ : S REE —
! F
: 5 T A‘AHTS i FAuer :
z e TRE T i : :
. [ . i : {
. z H
= Pl . &2
: b i .
S e I - - 1 : i i <41
' ! ' . .
! 1 H
. 440 _— _‘. HE ! : 404
é ' i | ‘E
i 1 i : . .
i - e c— =39
. : ’ Site | o-orainates ] Site [Carwrdinates .
X I [ ' &l 935572 W 578kkg ) .. .38
i : AT 910553 [t SEThES
] i l || s 213570 W 928575
p g L _ DO SR . ShHOAES wh 0ED4BF - - o 37
! | i s GEOkE | v§ 1p5435 .
' i 1 1 % 955476 ™ aniks
‘ - R T SN | IV ey A L LI SO S 73
i } 8 971438 i
i ] 978657 |
ey N .‘?..__-- B L=y (S SN [ 1
I
i : i i
. L e 34
H 1 ! ! © LM : ;
i : !
‘ - - I | g ' — |33
! ; dali 3745 |
; . ! ;
. — e - Rt | T R — i - 1352
; :

;
|
: .

—d g U . § |

|

!
: . _ 4 - R R DR | N '__;__[30@
96797 98 99 0D OI 02 03 04 .05 05 07 08 09 1 U 12 7B B 20 A 2 2B 24 2B 2 A BB XN
TO BATCHELOR Bkm bd ) @ o

PR TRANSVERSE MERCATOR PAOQJECTION R " , .
Secled Reood —_— Demoreation line A Hee River, Strrom Flowing o Tll-detined Lake L HORIZONYAL DATUN I5 BASED ON GBLERAVATION PILLAR, DARWIN LATITUDE 12° 268° 05-80 £ LONCITUDE 130° 50 28-21E
| Dirt Read or Track = Durmg wet 1000 yard Crid + - LWES INDICATE THE 100 YARD TRAWSVERSE MERCATOR CRID, JONE 4 [AUSTRALIA SERIES }, CLARKE 1858 SPHERQID
Survey Point a Runoft Water flow Ceases v - The Joar dosr tigits =f She grid mwmbers nre omitred
Heap @ Lirs wal e wiTh Roinfall Below 4mm bre! Gignts Reef —— — o mercaruct
Small Dirt Woll I0- defined River or Streom : 30 CrrE L A0 RETISEMCE om Tar ¢
) e . THE mamies (elooua m
Prt, ouorry @ Loose Pdes Spring T A9 ten Aeen e
N Boundary of Dri - — 9
) Bridge, Culver Pumven Rubble Files Woter ;.{r.?., 4 j i SCALE ¥s000
H Fence At Mossive Pies & Rocks  S4a Laoke Dom, Fond CD 'g_g‘rslg“lg_ oo 200 300 A0 metr Teat ot lor Foit o v
| KA et ik POINT (S ARE WEAE TR( m e
4 EFAOLITE THI) Lonl Ga Tl womin @0 jos enion Jog
Km0 TUMTRE Carrmant s
o IS
: FiTisicy_harEs




SECTION 1

INTRODUCTION




1.0 INTRODUCTION

1.1 Purpose of the Report

The Engineering Report has been prepared to present

a plan of execution for rehabilitation of the Rum Jungle mine site.

It has included all aspects of

the anticipated standard of rehabilitation

the measures to be adopted

the costs to implement such measures
the time frame for undertaking the work

A report prepared by the Working Group in 1978 -
hereafter referred to as 'The Summary' provided a number of alternative
strategies and the expected levels of rehabilitation for each
alternative. It also recommended further investigations to solve
some of the more complex problems and to provide more information
needed to achieve a more accurate estimate of cost for the proposed

measures to be adopted.

The Commonwealth Government endorsed Strategy D from
'The Summary' and "noted that the program was estimated to cost a
total of $12.14 M (February 1980 prices) over four years."

The Northern Territory Government presented an
Implementation Report in October 1981 which recommended further
investigations be carried out prior to a final 'Engineering Report'

being prepared.

The scope of the investigation program was agreed

between the Commonwealth and N.T. Governments in March, 1982,

This Engineering Report contains the results of the
investigations and makes recommendations for the measures to be adopted.
In some cases the measures recommended in this report vary from the
proposed strategy D proposals. Reasons for the departures have been

given.

The measures recommended should provide a more

effective scolution to the problems inveolved and achieve the desired




rehabilitation objective.

1.2 The Problem

The Rum Jungle Mine is situated 64 kilometres south

of Darwin on the East Finniss River.

Mining activities ceased in 1971 after some 13 years
of operations during which time uranium, copper, manganese and zinc

were recovered from open cut and underground workings.

The methods of waste disposal used at the time were
within the allowable regulations that existed, however in August 1977
the Deputy Prime Minister, Mr. Anthony announced Government decisions
in respect to the development of Australia's uranium resources which
included a statement asserting that the Rum Jungle project was
carried out with inadequate concern for the environment and would not
be permitted by today's (1977) standards. | '

The Rum Jungle area has three major categories of

problems which can be summarised as:
1.2,1 Finniss River Pollution.

Each year during the wet season, the East Branch of
the Finniss River carries a substantial'amqpnt of copper, manganese
and zinc, from the Rum Jungle area, as a result of oxidation, of
overburden heaps and the presence of acid caused by bacteriological

action within the same overburden heaps.

The combined effect causes the release of acidified
water and metal ions into the river each wet season, which is discharged

intc the Finniss River system.
1.2.2 Public Health and Safety Risks

Within the area of the mine there exists some

potential hazards to public health and safety.




The White's, Intermediate and Dysons open cut contain
large volumes of contaminated water which is not fit for human consump-
tion. In particular the White's Open Cut pit contains low p.H. water:
which if used as a recreation area would have adverse effects on the

public at large.

The treatment plant tailings were discharged over 34
hectares of the mine site and contain acidic and radicactive waste

products.

Its' location permits migration of tailings, during

the wet season, into the local creeks.

The same area during the dry season is subject to wind
erosion and poses a potential radiological health hazard if permanent

habitation was permitted.

Some creeks have dangerous quicksand déposits along
the banks and there are a number of old evaporation ponds and
tributary creeks holding ac¢idic water and heavy metal sludges.

1.2.3 Despoliation of the Natural Landscape

There is approximately 200 hectares of land in the
immediate Rum Jungle area which has been significantly affected by

the mining operations and the waste disposal systems adopted.

The overburden heaps and lack of vegetation ad areas

affected by acidic wastes are the main influences on the landscape.

Some of the creeks, both upstream and downstream have

been affected by acidic wastes and migration of mine waste products.
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2.0 - STANDARDS OF REHABILITATION

2.1 Expected Standard of Rehabilitation

*The Summary' recommended measures that could be

adopted and the expected level of pollution reduction.

The Commonwealth Government approved in principle
‘strategy D measures which had the following expected levels of

pollution reduction:

70% reduction in copper pellution occuring
in water courses.

70% reduction in zinc pollution occuring in
water courses.

56% reduction in manganese pollution occuring
in water courses. '

78% notional benefits which included pollution
reduction, improvement to public health
hazards and aesthetic improvement to the

mine site landscape.

The Implementation Report put forward design
targets,thét were designed to achieve the expected reduction in
pollution sources stated above, in order to provide a means to
practically measure the pollution, so engineering works could be
controlled and the success of the rehabilitation works demonstrated

from water samples, photography and other control tests.

The design targets were formulated using current
standards, best practical technology and a‘proposed discharge from
the site that could meet the standard of rehabilitation expected,

after adoption of strategy D measures.

Tt must be stressed that the design targets put
forward in this report are for engineering guidence and development

of design criteria.

They do not relate to any Government standard and

may, during the course of the rehabilitation works, require review and




~ possible change.
"
The objective will be to achieve the metal pollution
reductions stated and make substantial improvements to the health

hazards and landscape aesthetics.

One other important aspect in the overall concept

adopted in this report, is the cost of the works.

The $12.14 M (1980 dollaré) has been considered in
the overall assessment of the measures to be adopted and an appropriate
scope of work has been incorporated in the project to achieve all

objectives.

2.2 Project Design Targets

The following design targets shall be considered
appropriate for the development of engineering criteria for the

rehabilitation works.

They were previously put forward in the Implementation
Report in October 1981 and generally discussed at subsequent meetings,
with Commonwealth Government officers. Some changes have been made

to take into account comments expressed at those meetings.
2.2.1 Expected Life of the Rehabilitation Works

To permit selection of practical engineering solutions
to the problems at Rum Jungle it was necessary to establish the
estimated life that the selected measure must endure in order to achieve

the expected rehabilitation standards.

'Strateqy D' proposes the use of impervious clay
and soil caps to prevent water ingress into reshaped overburden heaps
and the Tailings Dam. The use of clay presents an expected life
problem which is influenced by swelling and drying each season, wind
and water erosion, root intrusion from large trees and other deleterious

factors.

Taking into account the economics of the

rehabilitation works and the period in which the mining operations
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took place, this report recommends a 100 vear life be adopted for all

protection works undertaken.

The vegetation works proposed would provide early
soil stabilisation to prevent erosion of impervious soil covers
during each wet season. The vegetation programme is expected to

improve each year and provide soil stability for longer than 100 years.

2.2.2 Water Quality Targets

This report has considered the reduction of heavy
metals expected from 'Strategy D' proposals and it is the recommend-
ation of the N.T. Water Division and Department of Health to use as
a guide, the criteria set out in p.2. of the 1980 publication prepared
by the - National Health and Medical Research Council/Australia Water
Resources Council for the "Desirable Quality for Drinking Water in

Australia".

Calcium, sulphates and radionuclide concentrations
are exceptions from the table. They are discussed later in this

gsection.

The radiation criteria has been independently assessed
by the N.T. Dept. of Health for this project and the values stated in

the publications for radicactive material are not applicable.

Table 1 Water Quality Design Targets

Three columns of figures for metals and chemicals

have'been tabled for comparison between:
the anticipated release using percentage
reduction technique

* the recommended Rum Jungle criteria using the
1980 N.H.M.R.C. publication

‘ the Canadian Mine effluent standard.

Column 1: The theoretical level of release from the Rum Jungile
area after 'Strategy D' percentage reductions have
been calculated using the total pollution levels

as described in Table 5 p.32 of 'The Summary' for




the 1973/74 wet season.

They are included for comparison against the targets
recommended for use by this report. It refers only
to the heavy metals that are presently identified as
the major pollution sources and the expected levels
of calcium and sulphates to be released using one

possible method of open cut water treatment.

By using the recommended targets in this report, a
higher level of copper release is permissible than
'Strategy D' 70% reduction criteria. The level of
manganese must be lower than the 56% reduction

criteria.

Column 2: The proposed Rum Jungle release targets adopted
directly from the N.,H.M.R.C. 1980 publication
referred to previously with the exception of caléium,
sulphate and radionuclide levels during the three

year rehabilitation programme.

Column 3: The Canadian Standard for Metal Mining Liquid Effluent
Regulations - taken from the Canadian Gazette Part 11,
Vol. 111, No.5. February 1977, This standard has
been generally considered as an international guide
to acceptable standards in other countries. It is
included to allow comparison of expected Rum Jungle

releases with a recognised mine effluent standard.

The design targets to be applied to the Rum Jungle
Project should be achievable in all categories when the total works
programme has been completed plus a three year 'settling down'

period.




TABLE 1
COLUMN 1 COLUMN 2 COLUMN 3
THEQORETICAL RELEASE FROM RUM JUNGLE WATER CANADIAN MINE
RUM JUNGLE AFTER REHABR- QUATITY DESIGN WASTE STD.
TLITATION BASED ON 'OPTION TARGETS
D' PERCENTAGES (INFO. ONLY)
mg/l
Physical
Colour units 50
Turbidity 25
Odouxr Unobjectionable
Taste Unobjectionable
pPH range 6.5 to 9.2 5.0
Chemical mg/1 mng/1l
Total sclids 1500 50.0
** Calcium Not Known 200
Chleoride 600
Copper 0.53 1.5 0.6
Total Iron 1.0
Magnesium 150
Manganese 0.83 0.5
. *% Sulphate Not kKnown 400
Sodium {a) - -
Zinc 0.19 15 1.0
Nitrate (as N} 10
Fluoride 1.5 {b)
Total hardness (as CaCO3) 600
Phenolics (as Phenol} 0.002
MBAS (¢) 1.0
Chromium (hexavalent) 0.05
Cadmium 0.01
Cyanide 0.05
Arsenic 0.05 1.0
Barium 1.0
Lead 0.05 0.4
Silver 0.05
Mercury 0.001
Selenium Q.01
Nickel 1.0

*#% Targets

cut water treatment methods.

(a) Due to insufficient data, criteria for this characteristic cannot be

recommended at this time.

to be exceeded during rehabilitation works ~ effects of open

(b) Subject to any restrictions in accordance with 1.6 p.l & WHO International

Standards for Drinking Water,

{c) Methylene Blue Active Substances

1981 (3rd edition -

p.36 Table 2}




Water Quality Measurement -

It is intended to measure the water quality in the
Finniss River below the confluence of the East Branch as the arbitrary
station for all guantitative monitoring of before, during and after

effects of the rehabilitation measures.

The design targets set out in table 1 will be
considered as receiving water targets at the Finniss River sampling

station.

General Water Quality Targets -

The wet season dilution effects have been considered
in both sections of the river. The first flush release of all heavy
metals, which accounts for a substantial amount of the total metal
release each year, should not raise the amount of heavy metals above

the limits prescribed, if the works are successful,

The existing background level of metals, calcium
and sulphates in the Finniss River upstream from the East Branch have
been considered when arriving at the selection of the appropriate
target. The margin between the expected release from Rum Jungle and
the recommended targets is sufficient to account for the existing

background levels in the water reaching the site,
Interim Water Quality Targets -

Two design targets are expected to be exceeded
during the rehabilitation programme which may affect the Finniss River
to a greater extent than is presently experienced, if underground

injection of treated water cannot be achieved.

It is expected to have an excess of dissolved
calcium sulphates if the open cut water is treated with calcium oxide
(Ca0) to raise the pH level to a neutral condition. This method is
one of the 'Strategy D' alternatives which proposes to remove water
from Whites and the Intermediate Open Cuts after treatment. The
quantity of water to be released during each wet season will be
determined after more accurate stream flow data has been collected,
however the results available at present indicate that to maintain a
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water release programme, which is related to open cut £illing
operations, may require the release of treated water with a calcium
level of 400 mg/l and the sulphate level of 600 mg/l.

The appropriate criteria is 200 mg/l and 400 mg/1
respectively which can only be achieved by prolonging the water
release programme or supplementing the surface water with ground
water. The former option may increase the duration of the project
and it is not considered necessary when the potential short term

effects of the increased levels are considered.

The guantity of water measured in the East Branch
of the Finniss River during the wet season (see Table 1 p.7 of
'The Summary') would indicate sufficient volume to achieve the
desired 10:1 dilution that appears necessary to satisfactorily
reduce calcium and sulphate levels during release of treated
open cut water. The added effect of the Finniss River dilution
should ensure a high factor of safety in achieving the required

targets in the Finniss River.

Calcium - A level of 400 mg/l of calcium may

have the following effects:

1. Human Health WNo effects to human health.
Aquatic Life Evidence available indicates that fish and other
'marine life can exist in higher calcium conditions.
A publication 'Compilation of Aust. Water Quality'
by B.T. Hart - technical paper No. 7 of 1974 noted
that certain brown trout have survived in water of
1800 mg/l concentrations.

3. Vegetation & If underground injection of treated water during the
Aesthetic

Effects dry season cannot be achieved it may be necessary to

dilute treated water with supplemented ground water.
It is expected that surface encrustations may occur
along the East Branch of the Finniss (a current
problem caused by magnesium sulphates) and the
Finniss River.(not currently observed). The calcium
deposits are expected to be flushed down the river

with the early wet season stream flow.




It is not expected to commence the treated release
programme until the peak of the wet season thus
allowing early flow in both river arms to remove
the previous year's deposits. This method should

control any annual increase in concentrations.

It is expected that the calcium deposits will improve
the soil conditions particularly in the East Finniss River where the
discharge of acidic liquors have contributed heavily to the removal
of vegetation. The deposits may be expected for possibly 3 years
after the completion of the water treatment programme, if the

underground injection method cannot be implemented.

At that stage it is expected to return to Aust.
Drinking Water Quality of 200 mg/l, hence an acceptable long term
objective is possible for all elements transported in the water.

Sulphate - A level of 600 mg/l of sulphates may
have the following effects:

1. Human Health No harmful effects.

2. Aquatic Life No information on the subject could be found during
the preparation of this report. The marginal
increase in the drinking water standards should not
present a problem.

There is a standard chg test described in a paper
by B. Hart which could determine the acceptable
levels to be used, however the tests taken
approximately 18 months to 24 months at a cost of
approximately $180,000. It is not considered
necessary to include for the tests or the costs as
previous reports should provide sufficient data.

3. Vegetation & There should be no harmful effects to vegetation

Aesthetic

Effects in the Finniss River. Some calcium sulphate may

precipitate during the dry season.

It should be noted that the East Branch of the Finniss
River will c¢arry the higher levels of calcium, sulphate and heavy metals

during the rehabilitation period, but it is of no conseguence




until the acidic soil surrounding the river course has been treated
and new vegetation introduced during the final stages of the programme.
It is necessary to use the East Finniss arm as a 'drain' for the
release of the treated open cut water, but every consideration has
been given to the Finniss River water course to ensure no detrimental

effects to its present condition occur during the rehabilitation works.

2.2.3 Radiation Emission and Radon Emanation Criteria -

This report has considered the radiological
conditions that prevail in the Rum Jungle area and recommend the use

of the criteria described herein.

The recommendations were put forward by N.T. Dept.
of Health will provide a level of safety in the area comparable to
other uranium mining operations in the N.T. region. The recommended
cover to achieve the levels of emission required do not cause any
major change to 'Strategy D' design parameters. The criteria for a
100 year life of the cover is expected to exceed any radiation
requirements, so use of these radiation design targets will not have

any significant effect on the final project design criteria or cost.
The radiation and radon criteria proposed in this
report place a restriction on the final use of the land, which is

considered practical under present ownership circumstances.

The following should be considered arbitrary

rehabilitation targets for the relevant radiological parameters.

External Radiation

-1)

Suggested Limit . 80uRem.h 1 (0.8 Sv.h

Method . at 1 metre from surface
combination ¥ and B

Location . applicable to entire site and

. 0.1 km around site

. applicable to 1 km downstream
Impact on . should be readily achievable -1)
Project . typical values on OTD ¥ lOOO,uRem.h"l (lguSv.h

reduction factor required T 12.5
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. typical HVL 10 cm compact soil
. required soil depth > 50 cm
Impact on . for full time occupation 700 mRem
Public
per annum (7 mSv per annum)
. ICRP/NH&MRS limit for generall)

public 500 mRem.y“l (5 mSv.y

Radon/Radon Daughter Concentration

Suggested Limit .1 pCi.l_l radon

.0.01 WL radon daughters

.4 pCi.m-zs_l

Method . at 1 metre from surface
.Rolle method

Location . applicable to entire site and
. 0.1 km around site
Impact on . should be readily achievable
Project . typical maximum values on OTD
¥ 0.1-0.3 WL |
. required reduction factor

average = 10

i

10 cm
30 cm
soil ¥ 50 cm

. approximate HVL clay

R

compact soil

required thicknesses (single layer

€ 40 cm clay

7

OR
OR
. required thicknesses (2 layers)

120 cm compact soil

ng

200 cm soil

{30 em clay
OR ( '
(30 cm compact soil

( 30 cm clay
OR (
(50 cm soil

(60 cm compact soil
OR (
(100 cm soil

Impact on . for full time exposure
Public 0.12 WLM




s ]_7 -

. code of practice limit - annual
member of public 0.4 WLM
. normal conditions will mean levels

are significantly below 0.12 WLM

Radionuclide Contamination - Water

Suggested Limits . 226Ra 10 pCi.l—l‘(.37 Bq.l_l)
2300 2000 pei.17t (74 Bg.1ThH
.210 1

Pb 100 pCi.l™% (3.7 Bg.1™h)

Method . surface and groundwater

. yearly average

This section on radionuclide contamination does
not apply to the remanent water in the open cuts after the

rehabilitation programme has been completed.

Location . applicable at monitoring site 0.1 km downstream

of East Finniss/Finniss River confluence

Impact on . little impact on project maximum concentration in
Project Tailings Creek
Impact on . standards equivalent to NHMRC and AWRC standards

Publlg for drinking water

. standards approximately 2.5 times discharge limits
set down by Radiation (Safety Control) Act (226Ra)
. application of this standard should adequately

limit impact on public

Radionuclide Contamination - Soil

Suggested Limits . 226Ra 10 pCi.g_l (0.37 Bq.l-l)
» 230pp 30 peiLg™t (0.37 Bg.17Y)
» 21051 10 pei.g”t (0.37 Bg.1 71
Method . average for 30 cm from surface
Location . applicable to entire site and extending

beyond site boundary to 0.1 km
. applicable to creek banks toc 1 km from

site boundary and downstream of OTD
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Impact on . average concentration in present top

Project layer of tailings 330 pci.g_l

. average reduction factor 33

. final concentration unrelated to tailings
material i1f safely capped and covered with
topsoil

. little impact on project anticipated unless
uncontaminated soil is not readily available

Impact on . nho comparable standard

Public . should allow unlimited use of land

. should leave land in quasi-virginal condition

Longevity . pericd - 100 years or more

Standard . requirement - all above limits to apply for
period

Land Use . single limitation on erection of permanent

Restrictions dwelling for long term occupation

. all other activities unrestricted

No standards have been established for other
radionuclides, e.g. uranium, polonium-210 either in air, water and
soil. If it is considered after further study that such standards
are necessary the limits derived are uniikely to be more restrictive

than that set for soluble 226Ra.

The limits do not relate to those to be applied
during the rehabilitation phase. During the operational phase it
is intended that the 1980 "Health" Code will be applied. The limits
listed are design targets and an indicator of acceptable conditions

‘after the rehabilitation is completed.

L 2.2.4 Flora Revegetation -

The N,T. Conservation Commission consider the
following standards to be an acceptable level of rehabilitation and
this report recommends a programme to achieve the standards described

herein.

Surface Stabilisation - all rehabilitation areas
should achieve a long term surface stability to prevent wind and
water erosion for the expected life of the works.




The design parameters for surface stability shall
be consistent with those required to satisfy the "Universal soil loss
equation" for an effective life of 100 years. The emperical factors
in the equation will be developed by the N.T. Conservation Commission

during the design phase of the project.

Ground Cover - establishment of self sustaining
plant population over all rehabilitated areas. .It is expected to
achieve a 100% grouhd cover over the rehabilitation area after the
first wet season once seeding has been completed in each area. Some
contingency for replanting will be necessary and can only be assessed

on as 'as required' basis.

Plant Population - to achieve an aesthetically
satisfactory revegetation programme it is desirable to have a plant
population similar in structure and composition with surrounding
nature flora. The aesthetic requirements shall be a secondary
consideration to stability requirements, hence the use of ground
cover that is not consistent with surrounding flora, shall be a

necessary compromise in some situations.

The use of deep rooted species will be restricted
over any areas where an impermeable clay cap is necessary to prevent
water ingress into reshaped overburden heaps and tailings cover.
Aesthetics will again become of secondary consideration when
considered against the reduction of metal pollution in water courses.

. Natural revegetation along river courses - the

use of fertilizers such as phosphates to assist with soil enrichment
will prevent some natural species returning to the area. It is not
anticipated that the same level of vegetation present in the Finniss

River will return to the East Branch.

Weeds - the introduction of any new weed species
into the rehabilitation area must be avoided by the use of seeds
certified to be free of weeds and ensuring that topsoil introduced'
to the area is free of weeds not presently in the Rum Jungle area.
Monitoring of ground cover composition is essential to ensure any

unexpected weed growth is eliminated using suitable treatment.

Borrow pit revegetation - wherever large guantities




of clay are removed for use in impermeable clay and top soil layers, .
the borrow pits shall be graded to re-establish natural contours and
revegetated by seeding for rapid ground cover to ensure surface
stability in the minimum time possible. Where stability is not a
problem, then natural revegetation is an acceptable standard over a
ionger peried, The selection of borrow pit sites will not only
consider the material required but the location of the pit site to
‘ensure that erosion and aesthetic destruction is not a legacy after
removal of engineering materials to satisfy the rehabilitation of

overburden heaps in the Rum Jungle area.

2.2.5 Fauna/Fisheries Rehabilitation -

It is recommended that the current fauna population
in the surrounding areas outside the Rum Jungle affected area, be the

required target, once all works have been completed.

The change in vegetation species may have an
effect on bird life due to a restriction on deep rooted trees and
shrubs but the increased ground cover may encourage more grazing
animals to return to the area. The type of fauna expected in the
area should be restricted to those which will not damage the

rehabilitation works.

- During the rehabilitation works it will be
necessary to fence off the site and temporarily remove all larger
animals that may interfere with the revegetation programme. The
removal of some animals will allow early regeneration of flora
species and may be required for at least 3 years after all major
works have been completed. The temporary reduction is not considered
teo be a long term ecological problem. When fences have been removed
a rapid migration of local fauna is considered likely due to superior
grazing conditions expected in the rehabilitation areas, however
proper management of the area is recommended to prevent possible

damage.

Aquatic biotica is not expected to change over the
rehabilitation period and it is expected to see the aquatic life in
the East Finniss River achieve a similar level to that present in the
Finniss River below the confluence. The expectations of regenerated

aquatic life may take many years, due to the influence of revegetation




in the same area. The return of fish life in the East Finniss should
be considered one of the last quantitive measures of the overall

success of the project.

A lack of substantial aquatic population data at
the time of this report prevents an aguatic target being set. The
measures to be adopted should not create any reduction in the
agquatic life in the Finniss River system and allow regeneration in
the East branch after some Years. |

2.2.6 Land Use -

The future use of the Rum Jungle land area has
been considered and it is important in its relation to other targets

previously set.

The land is currently held under Crown Land status
with mining and exploration rights held by the companies listed in
Appendix 4 of the Implementation Report. (October 1981).

It is recommended that the long term objectives
for the selected methods of rehabilitation should return the Rum
Jungle area to a recreational reserve standard with some restrictions

on habitation.

It is recommended that no permanent inhabitants be
permitted within the 200 hectare site and where there is evidence of
radioactive material under impermeable covers. Some form of control
will be necessary over the total 200 hectare site to prevent damage

of impermeable overburden heaps and revegetated areas.

In the unlikely event that a mining operation became
viable in the rehabilitation area within the next four years, the
N.T. Dept. of Mines and Energy would ensure that the operations would
not contravene any current N.T. Govt. mining regulation and that any
further rehabilitation works required would be carried out at no

additional cost to the Commonwealth Government.

It is intended that the water in Intermediate and
Whites Open Cut pits be returned to a safe recreational standard,
however it may require some monitoring and adjustment after completion




of the initial treatment before unrestricted public access is

permitted.

The long term use of the land should be the main
consideration and any activities within, say, the next 20 years

should be controlled to meet the recommended recreational use.

The alternative use of the area for future mining
and exploration, restrictions on inhabitatnts and fauna management
should not be viewed as a change to these recommended standards.
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3.0 MEASURES TO BE ADOPTED

'"The Summary' presented a number of alternatives,

and the expected levels of pollution reduction for each case from
which the Commonwealth Government endorsed 'strategy D' measures.

The Department of Housing and Construction - |
Canberra Region, (hereafter referred to as the D.H.C.) provided
a check estimate for 'strategy D' proposals. Their estimate formed
the basis of the $12.14 M (1980 dollars) funds considered to be
appropriate by the Commonwealth Government for the works.

The scope of work included in the estimate
varied in some cases from the original‘btrategy D’methods. The
D.H.C. revised scope of work has been included in the 'strategy
D' summary below for comparison with the recommendations made in

this report.

3.1  Strategy D Recommendations

3.1.1 Copper Heap Leach Pile -
Remove the copper heap leach pile and dump
into the adjacent Whites Open Cut.
Remove the existing evaporation ponds launders

and structures, re contour the surrounding area and revegetate.

3.1.2 Tailings Dam -
Treat acidic soil and tailings with lime to
raise the p.H.
| Provide a suitable rock cover over the tailings
to prevent upward migration of acidic water into new topsoil
introduced for the purposes of establishing vegetation,
' Construct a suitable imﬁervious so0ill cover with

drainage control structures that will prevent scouring and ingress

of water into the tailings. _
Establish a vegetation cover over the area using

reticulation, lime and cother fertilisers.

3.1.3 Dysons Open Cut
Treat the water and release the total volume
into the East Branch of the Finniss River.
Cover all tailings in the pit with Dysons overburden

and compact the upper layer.




New topsoil and revegetation of this area was not

considered as it may occur naturally on the overburden material.
3.1.4 Intermediate Open Cut -

The treatment of the water and the causes of
the pollution were not fully understood at the time of 1978
'Summary' report. An innovative air infusion and lime addition
plant was proposed to treat the water.

Treat the water to acceptable release standard
using an air infusion system together with a lime addition plant.

Clean up the surrounding area so that the open

cut can be used for aguatic recreation.
3;1.5 Whites Open Cut -

Connect Whites Open Cut to immediate Open Cut
and treat the water during backfilling operations.

Dump the copper heap leach pile and some of
Dysons overburden into Whites Open Cut (approximately 1.4 x 106m3).
The displaced water would be treated prior to its entry into the
Intermediate Open Cut and the remaining Whites water would be
treated to raise the pH to a satisfactory level.

The D.H.C. recommended that the East Finniss
River be diverted into Whites Open Cut rather than the Intermediate
Open Cut, so that both open cuts could be recharged annually with

fresh water, once both pits were connected.
3.1.6 Whites Overburden Heaps -

Reshape the overburden heaps to reduce the steep
side slopes.

Shape the tOp of the heap to form drainage control
channels.

Cover the reshaped stockpiles with an impervious
soil cover suitably designed to prevent ingress of water into
the stockpile and allow establishment of a vegetation cover over
the entire area. The cover must also be designed to prevent erosion
of the soil during the wet season.




Establish a vegetation cover over the whole area

using reticulation during the dry season.

3.1.7 Whites North Overburden Heaps -
Remove large rocks to Whites Open Cut,
Reshape the stockpile in the same manner as
Whites main heap, cover the stockpile with an impervious soil

cap then revegetate the total area.

3.1.8 Intermediate Overburden Heap -
Carry out the same reshaping of the stockpile
as for the Whites heaps, cover the stockpile with an impervious

soil cap then revegetate the total area.

3.1.9 Dyéons Overburden Heap -

Dysons heap was considered low in pyrite
content, capable of supporting revegetation.
It was recommended in 'The Summary' to be
used as a cover for the Intermediate Overburden Heap, but
the D.H.C. modified the proposal and recommended its use for:
Covering the tailings in Dyscons Open Cut.
. Covering the copper heap leach pile after
‘its placement in Whites Open Cut.
Filling around the perimeter of Whites
Open Cut to restrict some of the ground

water movement through the pit.

Regrade, treat soil around Dysons and revegetate.

3.1.10 - ‘Acid and Sweetwater Dams -

A general cleanup of the river course to allow
the creeks to flow along a more defined path thus allowing
natural revegetation along the damaged river course.

The use of lime and other fertilizers was
considered necessary without any additional topsoil to the area.

Some 36 hectares was included for rehabilitation

in this area.




3.1.11 Other Areas -

Some general clean up creek beds, and surrounds
to overburden heaps. It was planned to grade and mix in lime and
fertilisers and reseed the affected areas.

| The areas included for this work were:

Copper Creek

Surrounds to Whites Overburden

Surrounds to Dysons Overburden

0l1ld Tailings Creek

It did not extend to all disturbed areas within

the 200 hectare mine site.

3.1.12 Site Fence - _
A 10 km perimeter fence was recommended to protect

the revegetation works from animals grazing on newly established areas.
The fence had to be strong enough to resist

buffaloes.




3.2 " Results of 1982 Investigation Programme

Before any final adoption of 'strategy D' measures
was possible, further investigations were required to provide
answers to some problems not previously resolved.

The investigation programme carried out during

March to May 1982 provided results for three major items:

3.2.1 Soils Investigation
The previous estimates were heavily qualified
in respect to the availability of naturally occuring soils that
would be buitable for construction of impervious overburden covers

and soil suitable for vegetation growth.

3.2.2 -Impervious Cover Design For Overburden Heaps
The quantity of soil types needed to cover
reshaped overburden heaps was dependent on the proposed thickness
of the cover to provide a 100 yeaf'life. A suitable engineered

structure was necessary before final costs could be predicted.

3.2.3 Water Treatment Plant

A suitable treatment plant was designed to remove
metal concentrations and raise the acidic properties to a more
acceptable standard. In previous reports, insufficient testwork
and technical data existed to adequately estimate the costs of
a suitable plant and the consumption of reagents.

A summary of the findings have been included in
the following sections. The complete technical details of the
studies i1s contained in Volume 2 and 3 of this report.




3.2.1 Soils Investigations

. A detailed soils investigations programme was
undertaken to determine if suitable soil types existed close to
the mine site that would provide the necessary engineering fill

for impervious covers and top soil layers.

The results of the investigations are contained

in Volume 2 of this report.

In summarxry of the investigations, suitable
clayey - gravels, gravelly - sands and weathered granite was
located within 2 km of the mine site.

The type of material found was suitable for the
engineered layers proposed in this report. The only blending
necessary will be the mixture of rip-rap and top soil in the top
layer of the covers to aid erosion protection during vegetation

regrowth.

The quantity of material located is in excess of
the amounts required to complete the proposed works and the

location of the pits will not cause harmful aesthetic aspects.

It is intended to recontour all pits on completion
and assist with rapid revegetation of the pits.

A location map of the 5 prospective pits has been
included in this summary.
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3.2.2 Impervious Cover Design For Overburden Heaps.

As part of the investigation programme, preliminary

design was completed, once the soil types had been identified, to

‘determine the type of cover and thickness that would prevent

infiltration of water into the heaps and remain impervious for
100 years.

The results of the cover desigh have been presented
in Volume 2 of this report.

An extract of the main design criteria has been
included in this section with typical drawings of the intended

reshaping works, cover design and protection drainage system.
Design Criteria -

The principal criterion used in developing the
designs mentioned above was that the Rum Jungle Rehabilitation
works should provide, within relatively fixed budget limits,
structures which will maintain their integrity for a period in
excess of 100 years whilst at the same time provide protection
against the generation of contaminants from the waste heaps which
they are intended to protect.

Following on from this criterion or principal

" objective of the design, a number of sub-criteria was identified,

these being:
Maximum usage to be made of existing natural materials.

Inported materials required to provide selected covering
layers to be obtained from borrow areas within a radius
of no more than 10 km around the Project Area,

The development of borrow areas and the construction of
the rehabilitation structures is not to significantly

damage the environment which- already exists, and materials
used should be relatively inert, from the point of view

of contaminant generation.

The design of stable covers should show generally similar

profiles and stability to the naturally developed soil




profiles in the area so stability may be provided over

the minimum life of 100 years.

The covers wherever possible should allow for natural

revegetation to occur by the incorporation of not only
an erosion protective layer but also a layer of topsoil
or other material which will be suitable for the main-

tenance of vegetative growth.

The location and typical topographic features of the
White's and Intermediate Overburden Heaps are shown on preliminary
drawings included.

Stabilisation of the Outer Slopes of the Heaps -

From observations made of the White's Overburden Heap
and the Intermediate Overburden Heap, it is apparent that one of the
major sources of contamination results from the infiltration of
rainwaters into the uncompacted edges of the heap only to re-appear
at the toe of the heap as springs carrying a significant contaminant
load. Thus in developing the design of the covers on the slopes
of White's Overburden and Intermediate Overburden, consideration
has been given to minimising the amount of infiltration into the
slopes.

The control over infiltration is:

The provision of an "interception and surface store" in
the topsocil and rockfill outer layer. The interception
and surface store will eventually comprise vegetation
and topsoil pockets and should provide storage for the
initial 20 to 30 mm of rainfall during any single storm
on to the heaps. In the existing heaps, this rainfall
penetrates rapidly through the outer layer because of
the rough and porous nature of the layer and progresses
into the lower layers where it is then unavailable for
evaporative loss through evapo-transpiration. By
providing the interception and surface store with a
capacity of 20 to 30 mm infiltration and by maintaining
3:1 slopes on the edges which will provide for rapid

rainfall runoff during rainstorms in excess of 30 mm,




the extent of infiltration into the heap will be minimised
and as a consequence, the amount of contaminants generated

will be considerably reduced from the existing levels.

The provision of a gravelly clay layer 300 mm thick

having low permeability.

As part of the rehabilitation programme, the outer

slopes of the waste dump piles of White's Overburden and the

Intermediate Overburden Heaps will be stabilised by the flattening

of existing batter slopes and the development of drainage structures

within the top surface of the piles.

The work involved in the outer slopes will compfise:

The flattening of batters around the perimeters of the

pile to slopes not exceeding 3 horizontal to 1 vertical

The development of stable drainage lines protected from

erosion
The development of a simple layered cover which will
inhibit rainfall infiltration into the heaps and provide

a site for revegetation to commence.

A typical cross section through a stabilised slope

is shown on Figure D17. The approach with respect to the stabilis-

ation of the slopes and the subsequent cover for each of the waste

dumps is essentially the same,

For both the White's Overburden Heap and the

Intermediate Overburden Heap batter flattening will be carried out.
This will involve the establishment of cut to fill slopes of 3

horizontal to 1 vertical with berms 5 metres wide at 9 metre vertical

intervals.

These berms would be sloping at a similar slope to the

natural ground surface rather than horizontal. There will be

regular turnouts on the berms to ensure that water flow into the

heaps is minimised and led off the heap into rip-rap lined drainage

channels at the toe of the heaps as quickly as possible.

On the edges of the heaps where cutting and filling




has been carried out, the outer 450 mm layer of the reshaped
surface will be compacted by vibratory roller to a granular surface.
The aim of this layer is to provide a "filter" layer for the
overlying gravelly clay layer, to reduce the tendency for the clay

s0ils to wash into voids of the underlying waste rock.

‘The gravelly clay layer overlying the compacted
outer surface of the waste dump will have an initial thickness of
300 mm when compacted and will be overlain by 450 mm of compacted
gravel or rockfill with topsoil infill.

The batter slopes of 3 horizontal to 1 vertical are
considered to be the maximum possible to allow compaction equipment

to move without special handling procedures.
Stabilisation of the Top Surface of the Heaps -

The designs have addressed a slightly different
condition for the top'surface of the overburden heaps. For the top
surface of the overburden heaps, it is essential that any rainfall
runs off rapidly into well defined channels and does not have the
possibility to pond and thus infiltrate the heap. -

In contrast to the sides of the heap however, the
surface slopes are relatively smooth and there has already been a
considerable degree of compaction due to the pasSage of normal
mining equipment during the development of the heaps.

Thus, the designs developed to cater for the
rehabilitation of the overburden heaps had to take into account a
limited amount of recompaction where necessary of the upper surface
to ensure that a granular tight rockfill surface existed and that
this was overlain by a layer of clay, earth-rockfill and topsoil
materials similar to the sides of the heap;

Thus, the designs have allowed for the compaction of
the upper surface to establish this granular smocth base before
placement of the capping comprising a gravelly clay layér 300 mm
thick. The uppermost surface of the cover will be formed by a
layer of ripped earth-rockfill material 200 mm thick. This upper
layer would not be compacted other than by bulldozer tracking and
construction equipment and the topsoil would be loosely spread
into the material.

To encourage interception of water and therefore




minimise the amount of main infiltration into the pile, a vegetative
cover will be provided with a capacity similar to that of the side
slopes (about 20 to 30 mm of the initial rainfall). The underlying
gravelly clay layer will have a relatively low permeability and

thus the infiltration capacity will be rapidly reached during

heavy rainfalls and overland flow will occur into the controlled
drainage lines. Thus, for light rainfalls, infiltrating water will
be trapped in the surface soils and vegetation whilst for heavy

rainfall, the water would runoff into the drains.
Cover design for Dyson's Open Cut -

As part of the overall rehabilitation for the Rum
Jungle Project Area, the Dyson's Open Cut would be backfilled by
using initially the heap leach pile followed by the tailings
material. Once these materials are in place, waste rock will be
transferred from the Dyson's heap to cover the tailings and when
the overall designed shape has been achieved, then a final cover
will be placed. '

For the design, it has been assumed that as part of
the selection process for the materials on the Dyson's heap, the
most contaminated portions of the waste and those zones which have
the greatest potential to generate contaminants will be removed
first. The material would be progressively dumped into the Dyson's
Open Cut by end dumping techniques with the overall height of
dump restricted to 9 m to ensure that unacceptable differential
settlements do not occur. It is not intended that the material be
compacted other than by the passage of construction equipment,
because of the increased cost of such an operation. _

As the material is dumped into the open cut, it will
be placed to pre-determined survey lines to ensure that a simple
mounded profile is developed. The shape of the heap as shown on the
cross sections, Figure D18, will provide a stable heap which will
ensure rapid runoff of waters rather than infiltration into the
dumped rock materials.

The upper 450 mm, i.e. the last 1lift of dumped
rockfill materials during dumping, will be compacted to establish a
granular, relatively smooth surface which will act as a "filter bed"
on the upper surface of the heap. This compaction will be achieved
by a smooth drum vibratory roller.

The actual cover design and surface treatment above




this will comprise:

A lateritic gravelly clay layer (300 mm compacted
thickness) whose purpose is to minimise infiltration into
the heap. The objective of the clay is to provide
sufficient retention for infiltrating waters so that
during rainfalls of 20 to 30 mm, the water remains perched
in the clay layer rather than infiltration. Disposal of
storms of greater than 20 to 30 mm will be by saturation
of the upper layer and surface runoff into rip-rap lined

drains around the perimeter.

A layer 300 mm thick of fine rock rip-rap material infilled
with topsoil; this layer will be compacted only by the
passage of bulldozers and spreading equipment and will
contain sufficient voids into which the topsoil will
infiltrate and establish a bed for subsequent growth.

On completion, the upper surface of Dyson's heap will
slope at about 1 vertical to 8 horizontal, blending into the natural
surface on either side of the heap with a rip-rap lined drain on the
uphill side.

The objective of the final treatment of the Dysons
heap i1s to provide a stable revegetated surface which will not be
subject to erosion or scouring. The surface will be revegetated
to ensure a maximum interception of light rainfalls and evapo-
transpiration loss rather than permitting infiltration into the
heap. It is expected that the first 20 to 30 mm of rainfall will
be absorbed by the upper layers and that Which penetrates to the
underlying rock£fill will be insufficient to cause significant
contaminant generation in the rock materials which are used for
filling the heap.

The first materials to be placed into Dyson's Open
Cut will be the heap leach material and the tailings from the 014
Tailings dam. The majority of this material which has a high
potential for contaminant generation will be placed in the bottom
of the pit so that any small amount of rainwaters which penetrate
through the cover and into the underlying rock materials will tend
to cause oxidation in the more inert portion of the rock from Dysons
heap before penetrating to the level of the tailings and heap leach
material. |




LINE STORAGE BIN
- IRSERTABLE DUST

7
1 CRLLECTOR

[

@ INSTRUMENT
[ @uﬁuousz AR DRIER PLANT AIR
@. (OMPRESSOR
¢ LIME LIHE
I 2 DACHOUSE STORAGE T — B
= | ouwp t LOWER Fv
"Q—"‘" ROPPER sfﬁ\tﬁ‘:'mggévnna )
BULX LIME
FILTER PRESS
st 85K
LINE DLE® HOPPER :
D woeee - I ——{1] I
D] HOPPER
23) STORAGE Bint ’\
-BiR ACTivATOR
R R T T :
LIME TRANSFER AL e Wo2 FILTRATE PUMP
BLOWER //\\ ROPPERS :
G
LIME SLURRY LIRE L11771477 CORVEYOR TAKE STACKING
O TANK AGITATORN SLAKER . /15 GRIT STACK a ConvEYDR \
1"
bt FLOCCULANT @
LiME TANK AGLTATOR /// / B\\
SLUR 7 —(
PUMP HOPPER FLOCCULANT : CAKE STOCKEPILE '
@ UHE RETERDS : -
LIME SLURRY @ 10 CANDFILL
PUNP
HEUT TH. H® LIME SLURRY FLOCCULANT FLOCCULANT TANK
AGITATOR TANK HETERING
@ i — PUMP "
REUT TK W2
4 ABITATOR @
CLARIFIER
NEUTRALIZING FEED PUMP @
TANx ®ey SumF punp L -l
BEUTRALIZING K22 CLARIFIER
TAMK W22 - RAKE
/;7 I/ '/ e E———)
A//// SUKP MN22 // CLAI:IPFEER UNDERFLOW TH IEREn el CLARIFIER
use
CLEAR WATER
TAMK
TREATED WATER
’ @ DISCRARGE PURP sunp pump
- | j Y
ﬁ 7 2
J' /////surwu:‘l yoye
; = ;::f:- 4£_ J .
i T #
1
BORE FIELD
FLOWLBE 1 2 1 4 5 s 7 s 9 w 11 17 | 1 w il w | w {19 | 28 7 {22 | 23 | o2 | 25 | 2 17 | 78
Av SOLIOS FLOW tzh *25% | 160677684 [6:3537 hetnet [t41a7 10 [1-253 | c-068 1253 ) 5 5 19 *
Av LIGUIDS FLOW mdphe c20 PIewM a20 pOme|nevsed 17774 [wesud 1y | 10010 k wezrd cmrpadzreotolrs03s | s7e0 #1710 138074 28 6ot 738210
Av TOTAL FLOW tph 528 [ THISYRALIMSIINSSIR 2743 (159 0rnd 2 6290 | v06-10 preszraernrasdraaore) 15038 [ 87710] vo  ho-orio o-0s8| 2586 [ 0-042 jo-00%3 {0-0064] 6-0004
PEAX TOTAL FLOW 1ph 150 54506 & 1earTHL TR L 16 e30-072 |12582d 24 0136|500 |owat] s0 e s ) :
PEAX FLOW TIME he/day T ED Py SR ENED ISR ET 14 T 1 2 2 z
FRESSURE & Pa " w | 58 281 o2t | 4% o8
pH 2 I jas - volea-s >10 510 bePRas i
_ - H
o e I Cu arem = SSTTHE NORTHERW TERRITORY, OF AUSTRALIA [S7€[ %0
MINING & PROCESS ENGINEERING SERVICES (N.T) PTY.LTD. peacT arvn DEPARTMENT OF TRANSPORT & WORKS B M TS
o Descn apes. (@S fee [t YME RUM JUNGLE REHABILITATION PROJECY[ES ot
-5 i DRLAAIIG Mo
2/3 WHITEFIELD ST, DARWIN L WATER TREATHENT PLANT I 001
Ne. | BY | DArE REFERENCE DRAVWWCY Me. | BY |DATE REVEEION Pty | DA u-s-ot,a% ™ PRELIMINARY SCHEMATIC FLOW SHEEY

S s ot e




SR T

U

RUM JUNGLE REHABILITATION

ENGINEERING REPORT

MAY 1982

VOLUME 1

PREPARED BY

MINING & PROCESS ENGINEERING
SERVICES PTY. LTD.




Material requirements in terms of volumes are summarised on

Table 1; material thicknesses and properties are given on Table 2.

Design of Drainage Structures -

For the rehabilitation works, there will be essentially .

two types of drainage structures, these being:
* Collector drains on the surface of the overburden heaps
* Catch drains at the foot of the overburden heaps.

Collector Drains on the Surface -

The collector drains on the surface of the heap will
have gradients of between 1 and 10%. The required capacity
of the drains increases with decreasing elevation as
additional catch drains, formed in a dendritic pattern, on
the top of the heap, discharge their waters.

The design adopted for the main collector drains,
therefore, varies along its length. 1In the upper part
of the catchment where the collecting catchment is less
than about 2 ha, it will be sufficient to excavate and
form definite drainage lines on the existing heap and to
carry out recompaction at the base of the drains to enable
runoff of the stormwaters.

With increasing distance below the top of the heap,
the capacity of the drains will be increased and, in order
to minimise the effects of erosion and scour, a series of
drop structures formed by gabion retaining bunds will be
constructed. A typical design of the gabion bund and drop
structures is shown on Figure D19. A typical successful
use of gabions in a similar environment is shown on
Figure D20. The selection of gabions has been adopted
because of the need to control the cost of structures and
the long term erosion requirements.

Initially, the bunds will be free standing and water
which infiltrates behind the bund will be temporarily retained,
thereby minimising erosional velocities down the channel.

The secondary purpose of the gabion bunds during the




establishment of vegetation on the heap, will be to provide
retention for erosion products so that the risk of carrying
suspended sediment into the Finniss River is minimised. A
further reason for adopting these gabicon bunds is that they
can confinue to operate even when complete siltation has
occurred behind them. The wire reinforcement on the bunds
"will be coated with ultra violet resistent PVC to increase
their longevity.

In addition, by providing a silt trap in order to
collect any erosional products off the surface of the heap,
the bunds will tend to revegetate naturally and thereby
provide a vegetation or tree lined water course in the
centre of the heap.
| If, during the 100 year life of the erosion proteétion
measures, the wire forming the gabion bunds should corrode,
it is expected that the remaining pile of rocks and revegetated
channel will be sufficient to retain sediment.

Other advantages of using gabions in the design are:

Flexibility

The use of gabions will enable the walls to be

constructed even on reformed parts of the stockpile
without undue need for foundation preparation. The
gabions can, without loss of structural efficiency,
deform or bend rather than crack or collapse under
alternating tension or compression or in the event

of ground subsidence.

Permeability

Gabions exhibit a high degree of permeability which
will allow not only collection of silt but will act
in effect as a series of retardation basins which
will nevertheless not pond the water and allow it

to penetrate into the centre of the overburdenh heaps.

Costs

The cost of construction of gabions and their
transport to the site is considerably cheaper

than other measures needed to control erosion




in the centre of the gully, such as concrete.

’ Width of Drainage Channel

By using gabions rather than excavated channels
with rock retaining embankments, the width of the
central drainage channels can be minimised and
thereby allow greater vegetation cover in the main

channel.
Catch Drains at the Foot of the Overburden Heaps

A significant source of pollution and environmental
degradation occurs around the perimeter of the overburden
heaps where the emerging acidic Seepage water has led to
the destruction of root systems of the vegetation which
formerly stabilised the creek channels and maintain
surface flows in well defined paths. With destruction of
the root structure this stabilising effect is no longer
present and the channels have widened to the extent that
large areas are now devoid of vegetation. To exert control
over this problem, a series of catch drains at the toe of
each of the rehabilitated slopes will be constructed which
will collect the runoff from the slopes as well as any
residual seepage waters and lead it through rip-rap lined
channels into the main water courses where the potential
for degradation will be lessened.

A typical section through such a lined catch drain
is shwon on Figure D17. The stability of these drains will
be provided by their rocky nature and their degree of
entrenchment below the surrounding ground suxface. The
capacity of the catch drains will be sufficient to ensure
that overland flow of waters which either runoff from the
waste dump or flow from it in the form of residual seepage
does not occur. This will restrict the area where runoff
waters and seepage waters from the waste dumps occurs to
the immediate vicinity of the drainage channels, thus
permitting revegetation of the previously damaged areas

to take place naturally.




LOCATION
MATERIAL WHITE'S INTERMEDIATE | DYSON'S ks
' OVERBURDEN OVERBURDEN HEAP
(m3) (m3) (m3)
Compacted £9,000 19,000 18,000 106,000
Gravelly CLAY
Loosely Compacted 57,000 17,000 - 74,000
Lateritic GRAVEL
or ROCKFILL with
topsoil infill
Fine RIP RAP - - 18,000 18,000
with topsoil
Fine RIP RAP 1,000 500 1,200 2,700
for drains ' :

RUM JUNGLE REHABILITATION PROJECT

TABLE 1 -QUANTITIES OF REQUIRED MATERIALS

NOTE: Dysons reshaped heap added after report table was completed.

See Vol

ume 2 for amended table.
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A series of small check dams preventing erosion in a gully.

'? Figure D20

Meehan Burgess & Yeates
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3.2.3 Water Treatment Plant

Two options were proposed in previous reports:

(a) Controlled water treatment through a plant

designed to treat water at a nominated rate

before release to the East Finniss River.

(b) Insitu treatment of the open cut pit water

using an air infusion and lime addition

plant in the open cut pits.

Only method (a) was studied in detail during

the investigation programme. The scope of the study included:

The type of plant suitable to process pit water
The size of the plant and method of ‘treated
water disposal _

The cost of a controlled treatment plant

The study brief aimed at providing some guidance

on the following topics:

Definition of the prbblem.

Evaluation of data collected to date.
Nominétion of specific additional data collection
required, if any. .

Statement of design criteria for the option
proposed.

Evaluation of the need for pilot plant work.
Preliminary design of the pilot plant.

Capital and operating cost estimation of the
pilot plant.

Order of magnitude cost for a full scale
treatment plant.

Cost of design services for a full scale
treatment plant.

Technical description. of the treatment plant.
Details of the services required for operation
of the plant and how these will be provided.
Consumption of reagents.

A list of assumptions used and the probability
of success. |

A detailed programme of works showing the time
schedule for implementation of the proposed
plant. |




Management of overall water handling strategy
associated with water treatment.

A detailed report is included as Volume 3 of
this report.

Only a summary of the water treatment plant
report is presented in this section, with some typical drawings

for reference.




Water Treatment Plant Summary

Introduction -

| The treatment of waste solutions of water
containing small amounts of heavy metals has traditionally
been handled by either ion exchange or hydroxide precipitation.
Ton exchange, either on resins or using solvent extraction
techniques is often used where economics are such that the
project is commercially viable, and hydroxide precipitation
is used where the prime cbjective is achieving heavy metal
removal at minimum capital and operating cost.

Tn the case of the treatment of the Rum Jungle

 waste water contained in Whites, Intermediate and Dysons Open

Cuts, there is no demonstrably economic argument for a commercial
metal recovery unit. Therefore, the process selected to be used

in the treatment of these waters, is hydfoxide precipitation.

Chemical Reactions -
The chemical reactions involved in this process
are generally written.
mtd +  ap™» mmpa ¥
where M is the metallic cation of charge +d and D is the anion
of charge {(-m).
In general terms, the anion could be any of
a number of ions {e.g. the sulphide ion)} but for the hydroxide
precipitation D = OH and m = 1.
The reaction becomes
w4+ qoH - M(OH) g¥
The hydroxyl ion can be provided from a number
of sources. However, the most common and cost effective source
is from bunt on slaked lime,
ca0 + H,0 —> Ca(OH),
(Burnt lime + Water) (slaked lime}
The sequence in which heavy metals drop out
of solution is dependent of hydroxyl ion concentration and the

solubility product of the heavy metal hydroxide.




Test Programme Results -

The laboratory test work completed in April
1982 indicates that acceptable heavy metal removal will be
achieved by increasing the pH of the water to 9.6. An acceptable
dissolution of heavy metal ions will take place to values

expressed below:

Fe 0.5 p.p.m. or mg/litre
Cu 0.1 p.p.m. or mg/litre
Mn 1.0 p.p.m. or mg/litre

Confirmatory analytical data is presently
being prepared on all other metals. However, as Mn is the
last metal to precipitate, the others will be reduced to
below the levels outlined in the Rum Jungle Water Quality -
Design Targets.

It should be noted that both the calcium
and sulphate levels will be higher than desirable, the upper
levels being limited by the solubility of gypsum. These
levels are expected to be approximately |

900 to 1000 mg/l calcium Ca

1900 to 2000 mg/l sulphate SO4

It will therefore be necessary for plant
effluent to be diluted before disposal if recommended calcium
and sulphate levels are not to be exceeded.

Precipitated Material -
The precipitated material will have a
varyving composition, but will contain a range of heavy
metal hydroxides and sulphates, these being predominantly
iron, copper and manganese. This material is only likely
to re-solubilise under extremely acid conditions, and therefore,

is suitable for returning as land fill.

Process Deisgn Criteria -

The process is designed for the continuous
treatment of lO,OOOm3 per day of polluted water from the Whites,
Intermediate, and Dysons Open Cuts. Composition of feed water
is expected to vary depending upon depth and the particular
open cut, but is in the range of composition below for Intermediate

and Whites. Dysons pit is somewhat less contaminated. (See Table I).




The plant is divided into the following sections:
1/ Reagent Handling Section

2/ Neutralization Section
3/ Solids Liquid Separation Section

General Plant Description

Lime Handling -

Hydrated lime (Ca0) is received in suitable
containers and stirred. It is drawn off at an appropriate rate

and slaked with water, the reactions being

Ca0O + H,0 Ca (OH) ,
The slurry is diluted and pumped at a controlled

rate to No. 1 Neutralization C.5.T.R.

Flocculant Mixing -

Suitable ploymer synthetic flocculant is received
and mixed in dilute solutions (1% solids) for pumping to the
flocculant head tank. From this tank it is metered to the thickener
clarifier and controlled on the basis of:underflow density.




Note:

TABLE 1

TYPICAL FEED WATER COMPOSITIONS

OF RUM JUNGLE OPEN CUTS

Allowances must be made for wvariations at different depths.

Intermediate Whites
pH 3.5 2.5
Fe : 2 mg/litre 430 mg/litre
- Cu 60 " 55 "
Ni 14 " 4 o
Co 15 " 15 "
Zn 7 " 6 "
Mn 60 v 230 "
Al 60 " 280 "
Hg 0.05 o 0.01 "
As _ 0.001 " 0.4 "
Ca 200 " 400 "
Mg 400 " 900 "
Na : 40 " 200 "

50, 3100 .o 8200 "




Neutralization Agitators -

Neutralization of the incoming water is
effected in two continuous stirred tank reactors (C.S5.T.R.s)
in series, with a nominal residence time of 2 to 2.5 minutes
each. Thesé tanks have the characteristics approaching those
of perfect mixers, and are discharged by overflow.

Lime slurry at 5% solids is metered into
the first reaction vessel from the lime handling plant in
the services area, and the pulp resulting, overflows into
the second C.S5.T.R. at a pH of 9.0 to 9.6.

In this pH range heavy metals are precipitated
according to the general eguation.

' o+ aom  mMom,

Other reactions may also occur, precipitating
minor amounts of heavy metals as insoluble sulphates or complexes
with hydrated iron oxides.

The suggested residence times allow for
approximately 90% of the heavy metal hydroxides to occur in
the C.S.T.R.s. Reactions reach completion in the solids liquids
separation section.

Re-circulated pulé from the thickener overflow
is re-circulated at around 25% of thickener underflow in order
to assist in providing nucleation sites for flocc build up and
$0 assist in increasing pulp densities of thickener underflow.
Solids Liquid Separation -

In this section the solids precipitants and
residual lime products are separated from the liquids. Additionally,
ample residence time is provided in the plant thickener/clarifier

to enable the neutralization reactions to reach completion.

Thickener Clarifier -

Pulp from the neutralization reaction flows to
the feed well of the thickener/clarifier.‘ A syhthetic flocculant
is metered into the thickener feed pipe at the overflow from
No.2 C.S.T.R. The settling rate of non-flocculated pulp has
been determined by test work, and adjusted on the basis of

experience to a flocculated rate.
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Indications from test work are that a minimum
underflow density of 1.3% solids will be obtained. However,
this rate may be increased to approximately 5% solids by the
effects of pulp re-circulation and optimising flocculant addition.
The thickener is therefore, to handle an
overflow of 7.Om3/min, with a varying underflow density 1.3 to
6% solids. Re~circulation rate is variable to suit particular

operating conditions.

Slﬁdge Filtration -

The thickener underflow is pumped tc plate
and frame filtration presses where it is filtered on a semi-
continuous basis.

Due to the semi-gelationous nature cof the
sludge 1t is unlikely to cause bogging of the thickener, and
the options exist for operating by holding sludge in the

thickener during discharge cycle, or operating two filters in

parallel,

' The nature of the cake produced is as follows:
Cake thickeness 20mm
Cake density 1500 kgs/m>
‘Percent Moisture 50% H20

The material produced may be further dried by
air blown down the filter if required, and is suitable for
incorporation in land f£fill.

‘ Filtrate from the press is returned to the
clarifier.

Test work to hand indicates that the clarity
of the thickener overflow is excellent.

Whilst the water qﬁality is acceptable so
far as heavy metals are concerned, the total dissolved solids:
are higher than desirable for potable water. _

I+ will therefore, be necessary to dilute
this water.

Two opﬁions are recommended for fgrther test:

(1) Bore injection into underground agquifers.

(2) Dilution using uncontaminated groundwater.

Both options are discuésed in more detail later

in this section.




Water quality at this stage is as listed below:

pH 8.0 to 8.5

Calcium Ca 800 - 1000 mg/litre
Copper Cu 0.5 - n
Iron Fe 0.5 "
Manganese Mn : 1.0 "
Sulphate SO4 1900 - 2000 "
Zinc 1 "
Arsenic 0.05 "
Mercury ' 0.01 "
Nickel o.01 "

_ Other heavy metals will be below the Australian
Public Health Recommended Standard for Drinking Water.

Disposal of Treated Water -

It is proposed to dispose of the treated
plant water by pumping it via a borefield into the underground
aquifer system. '

The area chosen for location of the bores
is in a region of transmissive dolomites approximately 500m
south west of Whites open cut.

It is proposed to have four production bores
in on~line service, each having a capacity of 30 litre/sec. One
standby bore will be provided to enable rotation of production

bores for pericdic backflushing.

Alternative Disposal -

An alternative to the above is to dilute the
treated water with potentially clean bore water from an aquifer
approximately 2km north of Whites Open éut..

Dilution would occur by mixing the two prior
to disposal into the East Finniss River system.

During the wet season all water will be
diluted with -surface run off and be released into the East
Finniss River.

The use of groundwater during the dry season
eliminates the need for expensive holding ponds, if treatment

of the pit was to continue all year round.




During 8 months of each year the level of calcium
and sulphates is considered to be too high for direct release into
the East Finniss River.

The injection of the water into the underground
system has benefits for the following reasons.

There is evidence of groundwater moving through
Whites open cut and of caveneous dolomites adjacent and under the
pits. Mining records have recorded water flows at various times
and sink holes have been reported. The geology of the area indicates
Coomalie Dolomite in the area.

_ - If groundwater has been moving through the pit it
is possible that the local plume may already be contaminated.
Without any. groundwater records available this is only an assumption.

The injection of treated water into this plume
would only add calcium at approximately 1000 mg/litre as the only
possible contaminant. The sulphates in the groundwater plume
around the pit would be in the same order as the treated water
as the treatment process may only slightly lower the level of
sulphates during removal of metal ions.

The location for water injection has been
‘selected at a potential junction of two aquifers, in an attempt
to achieve wide dispersion of the treated water.

The only chemicals that should be of any concern
are calcium and sulphate, both of which should not cause any long
term pollution of aquifers during the 18 months of operation.

During the wet season the volume of surface
water passing down the East Finniss and Finniss River has sufficient
volume to permit a 10:1 dilution factor.

Only 5:1 dilution is required to achieve final
rehabilitation standards and only 3:1 dilution to reach the
interim release targets recommended in this report (Section 2.0).

The option to raise groundwater during the dry
season will be investigated if the water injection method is not
feasible. '

For surface dilution, low calcium and sulphate
concentrations would be necessary.

The groundwater around Whites would probably
not meet this criteria hence the only potential source is an
aguifer some 2km north of the main site.
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During previous rehabilitation works, potable
water was found in this region and used for drinking water. The
potential flow rates are not known and for the reasons of distance,
the need for low sulphate and calcium levels in the water and
unknown flow rates, the injection of water close to Whites open

cut is the favoured option at this stage.

In Situ Water Treatment -

' During the laboratory testwork and detailed
investigations of the controlled water treatment plant the main
concern was the potential risk of the treatment plant failing to
achieve the desired results within the time frame of the works.

A part of the overall rehabilitation strategy
is the use of Whites and Dysons open cut as a dump for various
overburden heaps, and the need to improve its water quality.

The reliability of the water treatment plant
becomes a big factor in the overall success of the project.

A number of factors found during the continuous
water treatment study have provided substantial evidence not to
proceed with an insitu plant as proposed in other reports, the
main reasons being -

buring investigations no evidence of successful
large scale water treatment using in situ lime dispersion was
found. Where destratification was used, it had been generally
used for removal of algae blooms or domestic water quality
improvements, not for heavy metal dissolution.

The air infusion plant proposed in previous
reports would require compressed air blowers in the order of
4 to 8 megawatts to achieve proper agitation and mixing.

The rubber curtain concept also proposed would
be difficult to maintain in a stable vertical position due to
unequal pressures being applied on each side of the curtain under
certain conditiomns.

The contact of water to lime is one of the
prime reasons for apprehension of the system. The effective use
of the lime demands ideal contact and the general pit mixing
method would not seem anywhere near the requirements found necessary
in the laboratory work carried out.

Tests were carried out on the heavy metal sludge

v

removed from the water samples.




‘It was found that very slight liguor turbity and
temperature change were sufficient to break up the sludge and
redistribute it through the liquor.

It is intended to backfill Whites during - the
same period of water treatment and any water disturbance would
create a far worse effect so it may be concluded that the discharge
water would still contain the heavy metals as suspended hydroxide
compounds. '

The cost of lime is significant and it is
imperative to achieve maximum chemical efficiency from the additive.
The controlled treatment plant permits better use of lime and
recirculation of the thickener underflow until the reaction has
been completed.

For the reasons above the in situ plant is not
recommended and any detailed study of an in situ plant would not

be productive.

Controlled Treatment Plant Equipment List -

An equipment list for the controlled treatment
plant.lists the major items involved in the plant and the costs.

It forms the basis for the cost estimates
submitted in Section 4.0 of this report.

A process flow sheet and general arrangement
drawing is included to describe the design parameters of the

recommended treatment plant.
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EQUIPMENT LIST FOR WATER TREATMENT PLANT

QrY ' DESCRIPTION

PUMPS

01

06

20

42

36

39

09

14

18

19

1 Plant feedwater pump
Allis Chalmers PWO 8 x 6 x 17 special
purpose pump with stainless steel
wetted parts and shaft.
Duty 116 1/s @ 10m.

1 Clarifier feed pump
Kelly & Lewis BMFV pump of cast iron
construction.
Duty 140 @ 1l0m.

1 Sump No. 2 pump

Kelly & Lewis 3 - 4 vertical sump punmp.

Duty 30 1l/s @ 15m.

1 Flocculent dosing pump.
Prominent model B04017 stainless steel
dosing pump.
Duty 12.5 1/h.

1 Lime slurry pump (primary)
Warman 3/2 BSC slurry . pump.
Duty

1 Mono pump metering pump
Duty 9.1 1/s @ 4m.

1 Pretreator/clarifier underflow pump
Mono CLR 211 425 RPM.
Duty 38 1/s @ 85m.

1 Filtrate pump
Kelly & Lewis 5 - 9 model 70.
Duty 30 1/s @ 5m.

1 Treated water discharge pump
Indeng VRE 6/8 pump.
Duty 120 1/s € 100m.

1 Sump No.l pump
Kelly & Lewis 3 = 4 vertical sump pump
Duty 30 1/s @ 15m.

30

15

0.25

150

TOTAL

COST

17,000

4,000

4,000

1,500

3,000

3,500

18,000

1,500

26,000

4,000
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DESCRIPTION

MAJOR ITEMS OF EQUIPMENT

Baghouse for lime dust control.

Comprising 2 x DLM - 4 - 4 - 15 pyramid
hoppers each with motorized rotary valves

duct work associated with baghouse.

Lime transfer blower (dump hopper to
Wallace & Tiernan lime staking system

Dorr Oliver pretreater/clarifier 30m @

Shriver plate and frame filter presses
semi-automatic operation size M48-75.
Capacity approx 40 TPD dry solids.

Bin activator 2.4m ¢ - for lime dump

Baghouse blower. Chicargo Size 30
SISW industrial fan complete with

Baghouse transfer screw conveyor

Dalamatic DLMVY/15W insertable filter
- for lime §torage silo required air

Bin activator 2.4m @ - for lime storage
Grit removal conveyor 450mm inside x

VIBT-10 chemineer mixer - for 5% lime

25 1
28
29
24 1
storage silo) Capcity 30 TPH.
33 1
Capacity 40 TPD.
08 1
supply comprises mechanism and
recirculation pump.
10 2
11
44 1 Lime transfer screw 150 ¢
MISCELLANEOUS ITEMS OF EQUIPMENT
23 1
hopper.
26 1
motor and drive.
Duty 28800 m™/hr @ 200mm
27 1
150 ¢ x 6m long.
30 1
supply 3.9m"/hr @ 45 kPa.
32 1
silo.
35 I
15m long.
38 1
slurry holding tank.
03 2 2HTD-55 chemineer mixers 0 for
05 neutralizing tanks.
41 1

kW

0.37

22

0.75

VLBT-10 chemineer mixer - for dozing tank 0.75

TOTAL
COST _

31,500

6,000

25,000
65,000

120,000
300,000

6,000

12,000

4,000

10,000

2,000

12,000
12,000

3,000
11,500

3,000
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21
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DESCRIPTION kW

Filter cake stacking conveyoxr 900mm 5.5

inside x 30m long.
Capacity 6 tonne/cake drop € 2 drops
every 4 hrs.

Atlas Copco automan Al2 compressor 15
30 a/s @ 690 kPa.

TOTAL

STEELWORK - HOPPER, TANKS, BINS AND CHUTES

22

31

34

37

02

04

07

16

1z
13

17

40

1

Lime dump hopper. 4m @ x 4.5m high
conical bottom ex émm plate.
Capacity: approx 30 tonnes.

Lime storage silo 4m @ x 1lOm high
conical bottom ex 6mm plate.
Capacity: approx 100 tonnes.

Lime slurry pump hopper, l.2m ¢
X 1.5m high conical bottom ex
6mm plate. 3
Capacity: approx 0.75m™,

5% lime slurry tank 2m @ 2m
high falt bottom ex 6mm3plate.
Capacity: approx 6.25m™.

Neutralizing tanks 2.5m @ 3.5m
high flat bottom ex 6mm3plate.
Capacity: approx 14.7m™.

Pretreator/clarifier tank.
30m @ 4m high flat bottom ex
6mm plate complete with launder.

Pressure filter filtrate hopper
1.8m @ 2m high conical bottom ex
émm plate. 3
Capacity: approx 2m™ .

Pressure filter cake discharge
hopper. Opening size 1.53m
inside x 6.0m long, outlet size
0.9m inside X 6.0m long ex 6mm
plate.

Clear water tank. 4m @ 3m high
flat bottom ex 6mm plage. '
Capacity: approx. 38m".

Flocculent tank iIm ¢ x 1.3m high
flat bottom ex 6mm plate.
Capacity: approx Im3.

TOTAL
COST

25,000

5,500

$736,000




Other Investigation Studies - ,

Some minor studies were carried out to assist
in the overall strategy of rehabilitation. Due to fund restrictions
they were kept to a small scale and may require further test work

once the need for the studies has been accepted.

3.2.4 Metallurgical Analysis of Dysons Overburden Heap -

The use of Dysons overburden heap as a covering
material for otherheaps was considered practical because vegetation
had re-established on part of the heap.

Visual inspection indicated massive surface
pyrites and electron microscope analysis of some grab samples proved
that there was 50% pyrite in the samples.. After close examination
of the grassed areas on the heaps it was noticed that the material
on the surface was fine grained and different to the underlying
broken rock.

Tt has been concluded from the levels of pollution
from Dysons overburden dumps and from examination of past samples
that the pyrite in Dysons overburden is considerably less reactive
than the pyrites in the black shales in Whites and Intermediate
overburden.

The use of Dysons close to any vegetation layers
has not been recommended in this report.

3.2.5 Hydrological Results -

During November 1981 three new gauging stations
were constructed and another upgraded in the'Rum Jungle area as
part of the current investigation programmé.

There were insufficient funds to supply the
stream gauging and sampling instruments for the stations. The
value of the 1981 wet season hydrological results were considered
of great importance for design parameters of a proposed water
treatment plant.

Strong recommendations were put forward in
the Implementation Report = October 1981, for the collection
of stream gauging and water quality results during 1981/1982
wet as previous results of water flow were much higher than

calculations indicated.




To assist the project team, the N.T. Water Division
installed continuous gauging equipment from their own resources and
have collected the necessary data from reliable gauging stations.

l The stations still require rating before final
values of teotal water passing through the Rum Jungle catchment
can be made available. .

The results will be used to validate the data put
forward in 'The Summary' and the 1982 - 1983 results from the same
stations will assist in determining release rates from the treatment
plant during first wet season after it is in operation.

It is recommended in this report to complete the
gauging and sampling stations to provide data for the water
treatment plant release programme and long term monitoring of the

site.
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- 3.3. Recommended Solutions and Measures

After consideration of the 'strategy D' measures,
the alternative proposed by the Department of Housing and Construction
- Canberra Region and the results of curren investigations, we
herewith recommend the following measures be adopted as a solution
to the Rum Jungle pollution problems. They should achieve the

rehabilitation objectives described in Section 2 of this report.

3.3.1 Copper Head Leach Pile -

'Strategy D' recommended the heap leach be dumped
into Whites Open Cut and covered with low pyritic rock fill from
Dysons overburden. '

This report recommends that the copper heap leach
be placed in Dysons Open Cut instead of Whites for the folloWing
reasons: '

The water treatment study indicates that most
of .the copper has precipitated out of solution in the pH range of
6 to 8.

At these high pHs, bacterial action is retarded
and pyritic action is not expected to be a major source of acidic
contamination in the pit.

However due to the possibility of acid waters
entering Whites Open Cut from residual action in overburden heaps
it is considered prudent to place the copper heap leach into Dysons
Open Cut, where no such possibility of recontamination exists.

By placing the copper heap leach into Dysons Open
Cut it will prevent any reaction as the pit will have all water
removed from it, and an impervious cover will prevent the ingress
of oxygen and water and it is in a better location for containment
of potentially reactive wastes.

The final contours will reduce the catchment area
and any failure of the impervious cover would not cause re-contamin-
ation of the East Finniss River.

Removal of the heap from its present location is essential
for the same reason. Past records indicate copper liquors permeated
through river gravels and old faults eventually returning to the

East Finniss River system.




Its relocation prevents any such reoccurrence
and improves the aesthetics of the area considerably.

The results of testwork indicates Dysons overburden
to be high in pyrites, although it is clearly less reactive than
Whites or Intermediate overburden. Its use as underwater cover is
therefore questionable, as under certain circumstances it may
accelerate metal dissolution thus reducing the effectiveness of
the water treatment programme.

The probability of its success in the long term
is considered more likely than the 'strategy D' proposal, and the
cost of moving Dysons overburden to Whites Open Cut as a cover is
greater than shifting the copper heap leach to the smaller Dysons
Open Cut and covering it with Dysons overburden.

The possibility of an effective underwater cover

was considered unlikely to achieve any real effect.

3.3.2 Tailings Dam -
It is recommended that the waste material in the
Tailiﬁgs Dam area be removed entirely to Dysons Open Cut: rather
than covering the site with an impervious solil cover as proposed
in 'strategy D'.

At present the tailings cover an area of 32
hectares with depths ranging from one metre to 300mm. The area
has a large surrounding water shed and is relatively flat,
leading to a creek, which joins into the East Finniss River. The
tailings material is highly acidic and the area is the most
aesthetically displeasing of all category 3 peollution sources in
the Rum Jungle mine site area.

After careful examination of the problem the
location of the Tailings Dam was the major concern. It is located
in a natural river course which attracts wet season runoff from
.a large surrounding area. The proposed soil cover in the area
would be susceptible to early failure if control drainage channels
failed to direct the water along defined paths. They would require
a substantial amount of protective'rock and concrete.

The depth of the tailings is quite shallow and
currently spread over a relatively large area, creating an
expensive covering operation for a thin laYer of tailings.

The prospect of establishing a confined site

where the cover could be minimised and the volume of tailings




maximised was investigated. Rather than creating a new guarry
styled pit, which would increase costs, Dysons Open Cut was examined
in detail, as a likely containment site.

Its topographical features suited the proposed
operation as it is a small pit with a high northern perimeter
allowing substantial filling with a minimum of impervious soil
cover.

The records of groundwater movement through
the pit during operations indicated insignificant flow rates,
consistent with the geology of the area. The addition of tailings
to the pit should not increase the level of cohtaminants already
present, in any surrounding groundwater aquifer, as the pit is
already partially filled with tailings from the o0ld treatment
plant.

The costs of moving the tailings and backfilling
Dysons Open Cut with Dysons overburden and the copper heap leach,
is significantly lower than covering the tailings area.

The main reasons for recommending the removal of
the tailings is the potential success and cost of the solution.

In our opinion the long term durability of an
impervious soil cover in the tailings area is suspect due.to
erosion each wet season. It was not considered an acceptable
solution to propose any works which require long term maintenance.

At the lower end of the present tailings site,
the water table is known to rise above the existihg surface which
may cause an early breakdown of any impervious cover.

The regrowth of vegetation may be a problem if
the acidic properties of the tailings migrate upwards through
the imported soil.

The overall cost of the: tailings cover is
significant and dramatically increases the-borrow pits needed
to provide the necessary soils, whereas shifting the tailings
into Dysons can be economically achieved and a 8 metre rock cover
over the top is proposed using some 722,000 cubic metres of Dysons
overburden, then a final compacted soil - cover over a relatively
small area. '

Removal of the tailings in prévious reports
has not been recommended because of the potential health hazard
created by disturbing the tailings and the potential bogging of
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machines at the western end of the Tailings Dam.

The uranium mining industry have developed codes
of practice for mining uranium ore. The application in this instance
may be different to pit mining but provided air conditioned operator
compartments are. used on all equipment, daily equipment cleaning and
inspection is carried out and all the necessary medical checks
and camp hygiene regulations are enforced then it is considered
practical to shift the tailings without placihg equipment operators
at risk.

Opinions from experienced earthworks contractors
re the problem of machine bogging, firmly ruled out any difficulties
provided track machines were used and the work was carried out during
the dry season.

The overall benefit in shifting the tailings as
one of the first activities allows the remaining works to proceed
as a large civil engineering project without any concern by the
public, of a large uncontrolled radiocactive waste being left in the
centre of the project activities, which may create adverse
industrial and press reports. _

The use of Dysons overburden heap and the copper
heap leach, to cover the tailings is discussed in this section.

The heap has been found to have massive pyrites and would be better
used in.the pit which is a short haul from the overburden area.

The relatively deep cover planned for the tailings eliminates any
possible breakdown of the cover during the expected 100 year life
of the works.

After removal of tailings materials and
approximately 200mm of affected soil directly below it, it is
recommended to treat the natural surface with.agricultural lime,
then import 200mm of top soil.

Once suitable mixing has been achieved it will
be necessary to shape the area, provide rip-rap lined drainage
channels and erosion protection berms before re-seeding the
Tailings Dam area. ,

In this area it is recommended to plant trees
similar to the surrounding vegetation.

All migrated tailings further down the creek
would be removed during the same phase of operations and the creek

beds stripped of affected soils, treated and mixed with new topsoil,
then allowed to revegetate naturally. '




3.3.3 Dysons Open Cut -

It is recommended to:

Remove the water in the pit to Whites Open Cut for
treatment before it's release to the East Finniss River and underground
aquifers.

| A 150mm pipeline is proposed to transfer the water
by pumping once the treatment plant is in operation. '

Fill the eastern 'pan handle' end of the pit with
240,000m3 of tailings from the Tailings Dam. '

; Place 174,000m°

722,000m™ of Dysons overburden over the tailings, totally displacing

of the copper heap leach and

all pit water and providing an 8 metre cover over all tailings
deposits.

The final profile of rock fill will suit the
natural contours of the original topography and provide a dome
shaped final surface for the impervious covers with 1 vertical to
8 horizontal slopes.

' The top 450mm of the transported overburden
would be compacted to form a filter bed sufficient to allow a
transition layer from the course open rock to the more finely
grained imported gravelly clay.

A 300mm compacted clayey-gravel would be
placed above the filter bed to act as an impervious water barrier.

A final 300mm layer would primarily support
vegetation with the upper portion of the layer being constructed
from a fine rip-rap material blended with clay type soils. It
will be loosly compacted using track and wheel loaders during
the spreading operation.

The final profile of the pit will be gentle
dome'shape sloping down from the natural bank of the northern side
to the southern side. The dome shape would minimise the length
of runoff in any one direction (see typical profiles included in
this report) hence minimising the risk of erosion.

Once all mass earthworks have been completed,
erosion berms would be established to prevent sheet and gully
erosion before final seeding of native grasses commenced.

The vegetation programmes have been scheduled

for October to December each year to minimise the need for reticulation.




Haul roads into the eastern and western end of
Dysons Cpen Cut would be established during the first phase of the
operations. There are existing access roads into the area previously
used for hauling tailings waste to the pit.

Transportation of the tailings has been scheduled
for the 1983 dry seascn, thus preventing any machine difficulties
in the Tailing Dam.

The displaced water will move to the wider 'pan' "
end of the pit during tailings filling operation.

The displaced water will not be removed from
the pit until the water treatment plant commences operation in
December 1983. This will restrict backfilling of the pit scheduled
to be carried out in two stagés: tailings in 1983 and remaining
copper heap leach/Dysons overburden in 1984,

It is intended to dump the tailings underxrwater
at all times to. eliminate any radon or radiation problems from
the disturbed tailings. The 'pan handle' end of the pit should
take the 240,000m>

cover.

and still leave approximately 500mm of water

3.3ﬂ4 Intermediate Open Cut -

It is recommended that the Intermediate Open Cut
be connected to Whites Open Cut and a water treatment plant
constructed adjacent to this pit. _

Intermediate pit water would be treated at the
rate of 10,000m3/day and released to the East Finnisgss River during
the wet season and pumped into underground aquifers during the dry
season, depending on the results of tests recommended in this
report.

The rate of water treatment has been selected to
allow backfilling of Whites and Dysons Open Cut and inflow of
groundwater into the connected pits.

Once all Whites pit displaced water has been
treated and released, the treatment plant will continue to treat
all remaining pit water by drawing out of the Intermediate pit and
returning the higher pH water to Whites Open Cut which will displace
untreated water via the connecting channel back to the Intermediate
pit for treatment.
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It is expected that all water can be treated in
18 months creating a stable condition in the pit where metal
dissolution would have ceased and the sources of acidic water
éubstantially reduced by reshaping and covering Whites overburden
heap and backfilling the southern side of Whites Open Cut.

The water treatment plant has been described in
detail in Volume 3 of this report. It's function is to raise the
pH of the existing water and allow dissolution of heavy metals such
as copper, zinc and manganese which will be removed with other
contaminating sludges in filter presses. The treated water has
high calcium and sulphate t.d.s. levels and a pH of 8 to 9 on’
return to the pit or river water course. '

The dilution effects gained by the wet season
rainfall or underground aguifers would be sufficient to reduce
the total coﬁcentrations to the expected interim rehabilitation
standards (see Section 2 of this report).

The surrounds to the Intermediate Open Cut would
be cleaned up, graded and tyned to permit.natural revegetation.

Backfilling of the Intermediate pit is not
recommended nor diversion of the East Finniss River directly into
this pit.

For long term flushing of both pits and a lower
river diversion cost, this report recommends that the river be
eventually diverted into Whites Open Cut at the end of the

rehabilitation works and the interconnection between the pits remain

a permanent feature.

3.3.5 Whites Open Cut -

It is recommended to:

Dump Whites North Overburden Heap into Whites
Open Cut on the southern side of the pit - volume 151,000m3.

Removal of Whites North Overburden Heap will

assist in reshaping the area between the diversion

channel and the junction of the Acid/Sweetwater Dams. It is
recommended to divert the East Finniss River, (which flows through

the Sweetwater Dam) into Whites Open Cut. By removing the Whites

- North pile it allows access to Whites pit by the shortest route

possible.
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_ A secondary benefit of removing therheap into
Whites pit is it's effect on restricting water movement through
the pit by dumping the waste material around the southern side
where there is evidence of acidic water contamination.

The pH level of the pit water is considered
the most important aspect in achieving equlibrium to
prevent heavy metals dissolution into the pit over a long period
after rehabilitation has been completed.

Previous reports have expressed doubts as to the
long term success in maintaining a pH level of around 7 because
of bacterialogical action of pyrite in the pit walls. However,
an assessment of the area of reactive surface of the pit walls
indicates that this is not likely to contribute significantly to
long term problems, as the rates of reaction are related to surface
area. The walls of the pits have a very low surface area compared
with that of the brcken overburden dump.

| Experience in copper leaching at Gunpowder,
North Queensland, supports this assessment.

As a result of our investigation it is doubted that
the cause of the low pH in Whites open pit water is due to the
acidation of pyrite in the pit walls. It appears more likely that
the low pH is due to the ingress of acidic runoff and seepage from
Whites Overburden Heaps.

Past reports indicate the acidic levels to be
higher on the southern side of the pit walls. On that side there
are o0ld river gravels that intrude into the pit walls and the old
pit haul road used to rise out of the pit on the same side,

The Whites Overburden Heap is a known source of
acidic pollution. It lies on the southern side of the pit and there
is a possibility that the acidic liquor is leaching out of the
bottom of the overburden heap and through into the pit via the
old river course.

The haul road may also be creating a shear plane
along the loosley compacted backfill and further acidic water may
also be entering Whites pit on the same southern side.

It is thereforé possible that once Whites
Overburden Heap has been reshaped and covered with an impervious
clay and gravel structure, the amount of acidic liguors entering

the pit may be significantly reduced.
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Under the circumstances given above it should be
possible to treat the remaining pit water and achieve a state of
equilibrium once all water has passed through the proposed lime
treatment plant.

In an attempt to inhibit the pyritic action in
the pit it is proposed to dump the Whites North Overburden into
the pit on the southern side (151,000m3). This will act as a
barrier’to any surface action and when all overburden material
has been placed, a layer of clayey-gravel is proposed to assist
by infiltration of the broken ore and to blind the rock surfaces
to further inhibit the action.

It is proposed to dump 100,000m> of the blinding
clay} to achieve the desired result. A large amount will slump
into the base of Whites which will assist in covering tailings
already in the bottom of the pit.

As an additional long term measure it is
recommended to dump 5,000 tonnes of crushed limestone with the
blinding clay to provide a potential balance against any long
term pyritic action attempting to lower the pH level of the water,
once the treatment plant ceases operation.

Both the blinding clay and the limestone should
be considered as conservative measures to counter a complex problem

of the sources of the acidic pollution in Whites Open Cut. It may

not be necessary, however the costs have been included in the project

estimates for added assurance in achieving the rehabilitation
objectives.

The diversion of the East Finniss River into
Whites Open Cut will assist the long term stability of the pit
water.

It is expected to receive some 25 X 106m3 each
wet season into the pit. The residual, combined volume of Whites
and Intermediate once all work is completed will be 3.2 x 106m3,
allowing considerable flushing each year providing short circuit
water flows can be overcome by introducing the incoming water. some
thirty metres under the surface.

There should not be any concern about detrimental
contamination'of the incoming water each year as there is no
evidence of any radionuclides concentration levels above current
drinking water standards and without any heavy metals such as the

copper heap leach pile, no build up of metals should occur,




particularly when the pH level remains at 7 or above. 7

' The flushing will only remove any minor increase

in the acidic level which when diluted some 10:1 would be insignificant
to the long term water gquality release standards.

During the treatment of the water it is proposed
to remove the heavy metals in the form cf a gelataneous sludge. It
will have a 50% pulp density, thus allowing it to be handled by pump
or truck. The process of removal is by way of plate and frame
filter presses, eliminating any need for lafge evaporation ponds
holding low pulp density residues.

The filter cake can be placed in certain areas of
the borrow pits where the more pure clays will be removed from.

The borrow pit will contain the cake, preventing water from coming

_into contact with it. Once properly covered, the metals in the

cake will not redisolve even if by chance it is again subjected
to water.
The final solution to Whites must be to treat

the water in the above manner so that the pit can be returned to

a safe recreational area where no health risks exist.

3.3.6 Water Treatment and Disposal
' The disposal of treated water during displacement
has been investigated and it is proposed to carry out tests on
underground injection intc aquifers adjacent to Whites Open Cut.
’ The treatment of the water will remove all heavy
metals to concentrations below lmg/litre, but will raise the calcium
level to some 2000 mg/litre.

The level of sulphates would remain in the same
order as the present pit water so any injected water would only
increase the amocunt of calcium present.

The amount of water underground isg not known,
however recent bore field works around Batchelor would indicate that
a number of bores operating at 30 litres/sec. would be capable of
discharging into the underground aquifers.

' The position to be recommended for trial injection

is only 500 metres to the west of the Intermediate Open Cut, where




two aquifers diverge, giving the greatest possibility of dilution
and dispersion.

, In the event that these tests fail, it may be
possible to raise uncontaminated water from an aquifer 2 km to the
north of the tailings dam, where a construction camp was located in
1279 and potable water was found.

If the volumes prove sufficient it may be feasible
to dilute the treated water and maintain surface stream flow all
yéar round.

The underground injection method remains the most
attractive option and a test programme which would lead to the
installation of five bores is recommended in Volume 3 of this
report. '

The technology used in the design and selection
of equipment has been based on well known conventional technigues.

It was not considered necessary to construct a
pilot plant for this reason, except for testing a method of water
injection before proceeding with a final method of water discharge.

The results of the bore tests would not change
our recommendation to use a controlled conventional continuous
treatment plant even after taking account of its high capital cost
for a 2 year operation. The achievement of the rehabilitation
objective without risk of failure has made its selection necessary.

The whele programme revolves around total backfilling
of Dysons Open Cut and partially filling of Whites Open Cut, hence
the reliable operation of a water treatment plant has become a
critical item in the overall success of the project.

The insitu method of treatment using relatively
unknown techniques and equipment was not favoured for a number
of reasons given in Section 3.2.3. .

At the end of the treatment phase it is desirable
to relocate the East Finniss River back through Whites Open Cut for

annual flushing of the pit.

3.3.7 Whites Overburden Heap =
It is recommended to:
Reshape Whites Overburden to reduce the side

slope angles to 1:3 horizontal and re contour the top of the heap




- to form drainage channels into a common central point. From the

collection point it is proposed to construct a substantial concrete
or rock gabion drain off the heap, into a retention pond before
entering the East Finniss River.

During reshaping the upper 450mm of the heap will
be compacted to provide a more dense layer that will form the filter
bed for the imported soil cover to be placed over the top.

Once all shaping has been completed, it is proposed
to cover the heap with a tightly compacted layer, 300mm thick of an
impervious clayey-gravel, then a final loosely compacted soil, with
a light rip—rap surface, for initial erosion protection.

The side slopes of the heaps would have a final
450mm thick layer over the impervious clay barrier to prOV1de better
protection against infiltration and erosion.

The side slopes have been designed with 5 metre
wide berms every 9 metres down the slope %o protect the soll covers
from erosion.

The drainage channels on the top and sides of the
heap would be lined with rip-rap which is available locally in the
form of rlppable phyllite and granite.

Concrete or rock lined drains would only be used
from the main collection points where volumes of water were relatively
large and final side discharge channel leading to the East Finniss
River where velocities may be relatively high.

Once all soil covers were completed a revegetation
programme would seed the area with native grasses, after soil
treatment, using agricultural lime only when necessary.

' Reticulation during the first dry season may be
necessary to establish root growth before the first wet season.

3.3.8 Whites North Overburden Heaps -
It is recommended to shift all of Whites North Heap
into Whites Open Cut - volume 151,000m3
The heap is situated at the junction of the Acid/
Sweetwater Dams and between the diversion channel and Whites Open Cut.
The topography of this area is such that considerable

ponding of acidic wastes occur which may be a source of pollution into




Whites Open Cut. If the heap was reshaped and covered, the toes of
the reshaped heap would be below the perimeter of Whites Open Cut
causing run off problems. _

It is recommended to divert the East Finniss River
back into Whites Open Cut. To achieve it, the best route is from
the Acid/Sweetwater Dams junction through the middle of Whites North
Overburden. By shifting the heap it allows for a low cost diversion
of the river and removes the catchment outside Whites pit.

The overburden may assist in reducing the source of
acid pollution into Whites as previcusly discussed.

Aesthetically the area around Whites North Overburden

Heap is very untidy and its removal would permit regrading and contouring

of the area which would enhance the surrounds of Whites Open Cut and
allow a more attractive recreational area to be established in this
vicinity.

The short haul to Whites Open Cut is relatively
inexpensive and provides a balance of work for eguipment, during the
wet season, rather than extending the need for clay and borrow pit

rehabilitation.

3.3.9 Intermediate Overburden Heap -
It is recommended to carry out the same measures

_as proposed for Whites Overburden Heap.

* Reshape the heap and compact the top 450mm of
waste rock,

Cover the top and side slopes with 300mm of
compacted gravelly clay to form an impervious water
barrier.

* Cover the impervious barrier with a 300mm thick
loosely compacted layer of topsoil and light
rip-rap.

* Drainage channels and side slope protection berms
during final contouring of overburden heaps and
impervious covers.

Treat the top soil with agricultural lime if
necessary and seed the reshaped area with native

grasses.
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SECTION 5.3

PROJECT SCHEDULES




3.3.10 Acid and Sweetwater Dams -
_ It is recommended to generally follow 'strategy D'
proposals:

During the dry season excavate the river courses
and remove debris and other materials blocking the water courses,
to prevent flooding during the wet season, over a large uﬁcontrolled
area, which inhibits natural regrowth.

Once the creeks have been retrained it is
recommended to raise the banks approximately 500mm with non
pyritic rock fill from one of the overburden heaps, so the early
wet season rains do not return to the present flood plains.

o This would allow time to remove any acidic top
soil from the stream banks, treat the banks with agricultural lime
and tyne in a loose layer of top soil and rip-rap.

Natural regrowth in this area is quite evident
in areas that are not subject tc long term submergence during the
wet season.

It is proposed to construct sufficient erosion
protection berms along the two river courses to allow the flood
plains sufficient time to regenerate naturally.

The old dam walls at the junction of the two
dams would be removed and a new river course constructed from the
junction into Whites Open Cut, once all rehabilitation works were

completed.

3.3.11 Other Areas -

' A general cleanup of the mine site area is
recomnended only where it is necessary to remove hazards such as
acidic waste ponds, creeks with obvious transported waste material
from the mine site, badly affected river banks where vegetation has
not naturally regenerated, old structures, holding dams and the
like that for a small cost can be cleared away to improve the
aesthetic aspect of the area together with removal of potential
health hazards.

The areas considered necessary for general clean

up and soil treatment are:

Surrounds beyond the toe of the reshaped
Whites Overburden Heap.




Surrounds to Dysons Overburden area once

the heap has been substantially removed and

reshaped.

Surrounds to Whites North Overburden, once

the heap has been removed.
" The Copper creek area where catchments exist
from the copper heap leach pile. In this
area the old launders and evaporation ponds
should be removed, Copper Creek cleaned out,
refilled and contoured, general regrading
once the copper heap leach pile has been
removed.
Reshaping of the o0ld haul roads to the north
of Whites North area and the general area

where the original heaps were located.

Refill and regrade erosion damaged area on the old
treatment plant site.

Establish erosion protection berms on the slope
and reseed areas where vegetation has been washed away. '

Remove tailings waste transported down Tailings
Creek, treat the soil and import new top soil, allow natural
revegetation.

Remove transported wastes from the East Branch of
the Finniss River down to the confluence of the Finniss River if
necessary.

This exercise can only be determined at the end
of the rehabilitation works, by inspection and decisions as to the
extent of the remedial works shall be recommended once the affected
areas have been identified.

Regrade and contour old borrow pits left exposed
after completion of clean up works in 1979. A number. of pits have
not revegetated and should be cleaned up.

Remove the small ore stockpile at the eastern end
of the old treatment plant site and dump into Whites Open Cut, before

- backfilling operations commence.




03.3.12 Rehabilitation of Borrow Pits and Haul Roads -

It will be necessary to rehabilitate all borrow
pits used to win impervious clayey-gravels for overburden covers and
topsoil for vegetation‘layers.

The main borrow pit area will be located 1.0 km
south of Tailings Creek and the East Finniss Branch.

_ The pits will be opened up in rows of 100 metres
wide using the coal strip mining technigues where the top soil,
small trees and seeds would be pushed into a central windrow and
once the pit has been stripped the top soil would be returned to
allow natural revegetation.

Some reseeding may be necessary depending on the
depth, area and location of borrow pits. .

The total area once stripped will probably form
a wide bowl in the area and will require final reshaping once all
works have been completed.

It is now expected that all clays, gravels and
topsoil can be found from within close proximity of the 200 hectare
mine site, therefore confining the removal of further vegetation
to the general mine site area which should be considered as a
reasonable comprise when weighed against the total improvement
over the same area. '

| All haul roads constructed during the project
will be removed and regraded to suit the natural contours. The old
roads will be tyned and fresh top soil added if necessary.

The roads around Whites Open Cut will require

lime treatment and reseeding before the end of the project.

3.3.13 Protection Fence -

It is recommended to have an animal protection
fence around the total site. _

The revegetation programme has been designed to
achieve rapid early soil stability using predominately native grasses.
This will provide an attractive food source for buffaloes, kangaroos,
wallabies, rabbits and other similar fauna known to habitate the
area.

It will be necessary to fence the entire site and
remove any of the aforementioned animals from the protected area

before revegetation works commence.
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4.0 PROJECT COST ESTIMATES

4.1. Summary of Costs

The measures proposed in this réport have been
estimated using current day rates for labour, plant, equipment
and materials.

| This section summarises the costs for each area of the
rehabilitation works, in the same groups as previously presented
in 'The Summary' and subsequently reviewed by the Commonwealth
Department of Housing and Construction. ‘

Notes relating to any assumptions made, sources of
information, qualifications to the estimates that may affect
its accuracy and other pertinent data have been listed in section
4.2,

A comparison summary between the $12M - 1980 dollars
and this estimate will provide some reasons for the difference
in costs from the previous reports. '

_ It should be noted that the scope recommended in this
report has changed in some of the areas and the water treatment
plant is a totally different concept after proper investigétion.
Complete work sheet details of the estimate have been compiled
into a separate file and will be made available to all interested

parties,




4.1 Summary of Costs

PART A COMPARISON SUMMARY

Description Strateqgy D-by Eng. Report May
D.H.C. - Feb. 1982 - July 1982
1980 Dollars bollars

Direct Costs

0ld Tailings Dam 2.75 M 0.832 M
Dysons Open Cut 0.16 M . 0.161 M
Acid/Sweetwater Dams 0.29 M 0.191 M
Intermediate Open Cut 0.25 M (treat water) Nil
Fence Site 0.22 M 0.024 M
Copper Heap Leach 0.54 M 0.478 M
Dysons Overburden 3.05 M . 1.678 M
Whites Overburden 2.90 M © 0.696 M
Whites North Overburden 0.50 M 0.328 M
Whites Open Cut 0.48 M {(treat water) 0.386 M
Intermediate Overburden 0.87 M 0.217 M
Water Treatment Plant ~ (Incl. in Whites 5.837 M
& Intermediate 0O.C.)
Site Establishment - 0.611 M
Site Services - 0.415 M
Construction Camp & Accommodation - 1.169 M
Other Areas - General Clean-up - 0.333 M
TOTAL DIRECT COSTS 12.010 M 13. 356 M
Indirect Costs
Project and Construction
Management - 3.386 M
Contingency - 0.550 M

TOTAL PROJECT COSTS 12.000 M 17.292 M

Estimate of $12 M escalated to July 1982 dollars 15.820 M

VARIANCE ($1.472 M)
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PART B . DETAILED ESTIMATE - SUMMARY OF RECOMMENDED MEASURES

i COPPER HEAP LEACH PILE

Dump Heap Leach Pile into Dysons Open Cut - 174,000m3 : 423,000

Haul roads, top soil, cleanup - 16,000m3 46,000
Vegetate surrounds - 9,000

TOTAL $478,000

TAILINGS DAM.

i Removal of Tailings to Dysons Open Cut - 240,000m3 517,000
{ Top soil, drainage channels and reshaping - 90,000m3 255,000
Vegetate tailings area . 60,000

TOTAL : $832,000

DYSONS OPEN CUT

Haul roads - 3,000m3 31,000
Impervious covers - 23,000m3 ' 66,000
Protection drains ‘ 30,000
Vegetate surrounds : 34,000

TOTAL - $161,000




WHITES OPEN CUT

Connect Whites to Intermediate Open Cut
Pipeline Dysons to Whites Open Cut

Plug Whites with clay - 100,000m°

Divert East Finniss River into Whites Open Cut

Crushed limestone for long term water guality - 5,000 tonne

TOTAL

INTERMEDIATE QOPEN CUT

Water treatment works only - see later summary

All cleanup of surrounds in other areas

TOTAL

DYSONS  QVERBURDEN HEAP

Dump part of Heap into Dysons Open Cut - 722,000m3

" incl. haul roads
Dump Copper Heap Leach Pile into open cut
- see previous summary

Reshape'remaining heap - 214,000m3

Impervious covers - 27,000m3
Erosion protection drains

Vegetate heap - 4 H.a.

TOTAL

35,000
119,000
200,000

18,000

14,000

$386,000

NIL

1,547,000

14,000
82,000
25,000 -
10,000

$1,678,000




WHITES OVERBURDEN HEAPS:

Reshape Heaps - 90,000m3

Impervious covers - 116,000m3
Erosion protection drains

Revégetate surrounds -~ 52 H.a.

TOTAL

WHITES NORTH OVERBURDEN HEAP

Haul roads and general cleanup
Dump Heap into Whites Open Cut - 151,000m3

Vegetation in "other areas"

TOTAL

INTERMEDIATE OVERBURDEN HEAP

Reshape Heaps - 2O,lOOm3

Inpervious covers - 22,000m3
Erosion protection drains

Vegetate heap ~ 8 H.a.

TOTAL

171,000
327,000
114,000

84,000

.$696,000

26,000
302,000

$328,000

67,000
6,000
65,000
19,000

$217,000




ACID/SWEETWATER DAMS .

Remove dam walls and clean out river bed

Rip all affected areas ~ lime treat - 55 H.a.

Build up river banks to contain flow - 8,000m3

TOTAL

OTHER AREAS.

General cleanup of mine site areas, rive;

courses and surrounds to overburden heaps

' Remove small ore stockpiles from around mine site - 4,000m
Vegetation in same area

Removal of temporary facilities used during rehabilitation
works

Remove copper launders - misc., structures

TOTAL

WATER TREATMENT PLANT:

Treatment plant

Borefield and delivery pipeline
Treatment plant operating costs
Lime consumption - 13,000 Tonne

TOTAL

3

8,000
147,000
36,000

$191,000

190,000
16,000
36,000

83,000
8,000

$333,000

1,810,000

503,000
1,025,000
2,499,000

$5,837,000
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PROTECTIVE. FENCE-

10km animal proof fence TOTAL $24,000

SITE ESTABLISHMENT

Clear camp sites 16,000

Establish power, water and roads arcund mine site

to camp/construction office/treatment plant - 83,000
Establish borrow pits and push up top soil and
gravel - 400,000m> 311,000
Establish rip-rap pit — dozer ripping - 40,000m> 58,000
Rip-rap pit - drill and blast - 3,DOOm3 : 60,000
Construction management facility 39,000
Establish truck washing/workshop facility - 44,000
TOTAL $611,000
SITE SERVICES -
General labour for all areas 355,000
Misc. equipment (non earthmoving) hire 60,000
Construction management facility ' -
TOTAL $415,000
CONSTRUCTION CAMP
Buildings and kitchen - 50 man : 292,000
Camp services - power, water, sewerage 139,000
Camp generator fuel and maintenance costs 198,000
Camp accommodation 540,000
TOTAL $1,169,000

GRAND TOTAL DIRECT WORKS 513,356,000




P

Engineering and Management Costs

Project and construction management
- labour
- expenses
Soils consultants
Groundwater consultants
Other design services
N.T. Government divisions
Transport & Works - services
Transport & Works - water div.
Department of Health
Soils Conservation Commission
Lands Department

Treasury

INDIRECTS COSTS TOTAL

DIRECT COSTS TOTAL

GRAND TOTAL

CONTINGENCY 5% on $11.0M

1,977,000
529,000
276,000
164,000
156,000

284,000

$3,386,000

$13,356,000

$16,742,000

(excluding water treatment plant) 550,000

PROJECT TOTAL

rdge

$17,292,000

Estimate in July 1942 Dollars $12M
Escalated to July 1982 Dollars $15,820,000

VARIANCE

($ 1,472,000)




4.1. Ssummary of Project Estimates cont.

4.1.,1 Proposed Changes to 'Strategy D' For Cost

Reduction Purposes

The recommended measures put forward in this
report should all be carried out in order to achieve the proposed
level of pollution reduction considered appropriate by the
Commonwealth Government.

The estimated costs in this report exceed the
"amount considered appropriate by the Commonwealth Government
($12M February 1980 dollars).

The additional costs can be justified because
of the water treatment plant.

Previous reports have recommended further
studies to resolve the complex problem of water treatment.

Now that a firm proposal has been put forward it
is obvious that the original concept and projected costs $0.73M
1980 dollars was not adequate. The estimated cost put forward in
this report is $5.837M. This one item is substantially greater
than the budget variance. '

Two options can be taken -

In the first instance it is recommended that the
Commonwealth Government review the original estimates and increase
the value of the project funds to accommodate the water treatment
plant. '

The rehabilitation strategy relies on the treatment
of water to allow both Dysons and Whites Open Cut to be used for
containment of other contaminants. If the concept of water treatment
is rejected then so too must the rehabilitation strategy presented
in 'The Summary' and this Engineering Report.

The other alternative is to reduce the scope of
rehabilitation works taking the lowest priority items and deleting
them from the project works. This and other suggestions have been
‘listed below to permit cost reductions with the minimum impact on
the higher priority rehabilitation objectives, those being:

(a} PFinniss River Pollution

{b} Public Safety and Health Hazards




Residual Value of Plant and Equipment -

At the end of the project, a number of items would
have a residual value if sold at auction. The revenue from the
sale could be returned to the project funds as part payment for the
additional costs needed to complete all works without any scope
reductions.

An estimate of the residual costs of major equipment

is given below:

Water Treatment Plant

Equipment - clarifier filter presses, pumps,
lime handling equipment, conveyors, dust
collectors and other plant items:

Purchase Value $736,000
Residual say 40% : $294,000

Tanks, clarifier shell, lime hoppers other

usuable steelwork items:

Purchase Value $335,000
Residual say 30% $101,000

Electrical switch boards and instrumentation:

Purchase Value $205,000 _
Residual say 25% $ 51,000

Bore field pipework:

Purchase Valué $170,000
Residual say 20% $ 34,000

Construction camps:

Purchase Value $300,000
Residual say 40% $120,000

TOTAL REVENUE FROM SALE $600,000
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If these residual savings can be used to offset the
project costs then the balance of the variance

VARIANCE 1,472,000

RESIDUAL SAVINGS 600,000
NECESSARY SCOPE REDUCTIONS $ 872,000

It is recommended to reduce only activities that
relate to aesthetic improvement of the area in the first instance
and possibly as a later measure, the deletion of the blinding clay
and crushed limestone from Whites Open Cut which was only included
for added long term assistance to the water guality. Its addition
may not achieve any improvement.

“Recommended Scope ‘Reduction &

It was proposed to remove all affected soils in the
Tailings Dam and spread 200 mm of top soil to assist rapid
revegetation.

It is possible that the top soil may not be needed
and by bulldozer ripping, lime treating and finally re-seeding the
area, sufficient rehabilitation may be achieved.

The savings would be 70,000m3 X $2.00/m3 $140,000

The'Acid/Sweetwater Dam area may
rehabilitate with less work after the stream cleaning
and removal of the dam walls has been completed. If
restricted grading and revegetation is carried out in
this area, possible savings may be in the order of $120,000

Whites Open Cut - deletion of the
clay blinding and limestone to be included for
possible assistance in restricting further acidic

action.

The savings would be $214,000

Whites North Overburden - The
possibility of Whites North Overburden achieving

the desired effect of inhibiting pyritic action




in White Open Cut may be suspect and when
Whites Overburden has been covered it may
reduce the source of pollution significantly.

The improvement in the aesthetics
of Whites Open Cut surrounds may have to be less
than expected to reduce costs.

By reshaping and covering Whites

North Overburden, savings $200,000

TOTAL SAVINGS $674,000

To save a further $198,000 on direct scope
reductions would reduce the overall effectiveness of the primary
and secondary rehabilitation savings. 7

It would be difficult to choose other activities
that could be deleted and still provide an overall satisfactory
results.

The level of estimate confidence is considered
to be -5% to +10%.

The contingency added to the project budget was
5% so it may be assumed that some savings in all sections of the
project estimates may be possible.

Any further reductions to the scope would be
minor in savings and not provide the necéssary order of magnitude

required to reach the $12M escalated costs.

The escalated factors to be applied after July lst,

1982 should be the same for both past and present estimates.
The project has been scheduled to have most of the work completed
by the end of 1984, to achieve maximum benefits from the camp and
management service costs.

In view of the reduced time, it may be proper to
assume some savings on escalation as the project was predicted to

be completed over a four year period.
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4.2 . Notes on Estimates

The project cost estimates have used a number of
sources to gain all the necessary information.

In the time allowed it was not possible to confirm
all data hence, it has been necessary to rely on guantities stated

in other reports. .
The assumptions included in the estimates were:

1. The quantities used in the estimate for overburden

heaps were calculated using a computer digitising method which

~relys on the accuracy of the 0.5 metre contours of the area

produced in 1977 by photogrammetry methods. It has been assumed

that the overburden heaps have not been altered in shape since

. that time.

The method of calculation should produce volumes

within +5% accuracy.

2. The volumes of water in the open cut pits have
been taken from 'The Summary' - April 1978 page 68. Further
confirmatory bathymetric surveys have not been carried out.

3. Local contractors provided current day equipment
hire rates and contract rates for various types of activities.
In each case the estimates were calculated using
plant operating cycles to check the cubic metre rates given and
in most cases the contract‘cubic metre rates were lower. The
ratés were normally adjusted up to allow for some additional

degree of difficulty not allowed for.

4. All cubic metre quantities have been expressed
in bank cubic metres. The relative tightness of each heap,
particularly the copper heap leach was not known and a 1.3 swell
factor was used to calculate the quantity of loose cubic metres
to be shifted. | '

5. The results of the soils investigation indicate
relatively deep borrow pits up to 2 metres deep. The swell

factor assumed was 1.2 for all clayey gravel and top soil.




6. Appropriate labour loadings, in dccordance with
the industrial awards for uranium mining were added to the costs
only for removal of the tailings material. Once the tailings
have been dumped into Dyéons Open Cut it is assumed that all work

would be under normal construction industry awards.

7. The costs of revegetation were based on preliminary
advice from the N.T. Soils Commission.

The rates used were:

Convential seeding: $ 800/hectare
Hay mulch for side slopes $5000/hectare
8. The protective perimeter fence has been designed as

1500mm high - 4 barbed fence strong enough to resist buffaloes.
'The Summary' report fence costs were substantially higher, indicating
a 2.1 metre high manproof chain wire fence. It is not considered

necessary to exclude personnel from the site.

9. The water treatment plant has been designed on
parameters gained from laboratory testwork carried out by the
N.T. Government Water Division laboratories. The samples used-
were taken from 2 metres below the surface.

The results gained were reviewed and compared with
previous samplihg some years earlier to ensure that sufficient
design capacity was included for water that would have a higher
concentration of metal ions and a lower pH. It is recommended
that the current testwork be repeated on deep water samples before

final design criteria is adopted for the water treatment plant.

10. Adequate groundwater data in the area does not

exist in any past records.

To determine the capacity.of the water treatment
plant it was necessary to use the mining records provided by
CRA as a guide to the inflow of water into the pit during mining.
Some 2500m3/day has been allowed in the plant design, which should
be less given the present hydraulic head applied to the pit by the
water in each open cut. '

The quality of the groundwéter coming into the pit
has been taken as pH.6 for the putposes of calculating lime

consumption.

4



11, The excavations for the Whites/Intermediate Open Cut
connection channel has been taken as rippable rock by a D8 bulldozer.

12, The use of scrapers for the works was taken into
account, however their restricted versatility may cause an overall
more costly exercise.‘

| The type of activities have been carefully selected
to allow year round work through both wet and dry seasons to minimise
the supervision and administrétion costs. The scrapers have a great
benefit in shifting clay and topsoil, but cannot be economically
employed to shift the rock. It was decided to use a predominately
20m3 semi tippers, 35 tonne payloader haul trucks and front end

loaders, so that year round versatility can be achieved.

13. The construction camp and site administration office"
will use second hand units presently available around Darwin. There
is no guarantee to the length of time of availability.

14, The 400 KVA generator for the water treatment plant
has been assumed to be free supply from the N.T. Government cyclone

standby units presently stored in Darwin.

15, Alternatives to site camp accommodation were
inveétigated. The use of Batchelor facilities was not favoured by
the authorities using the town for aboriginal training. The costs
and time to travel each day to Darwin ruled out another option. It
would also affect productivity when shifting the major stockpiles
and overburden heaps.

16. Previous correspondence with C.R.A. has confirmed
that the copper heap leach can be disposed of without any compensation
payment due.

17. The management team proposed for the project would
be assembled from N.T. Government personnel assigned to the project
together with services from private industry to assist with detailed
design and construction supervisioh.
The N.T. Water Division and Soils Conservation
Commission would provide major contributions to the project works.




Costs for all Government officer salaries, expenses and incidentals

have been included in the management estimates,.

18. The costs to reticulate the revegetated areas has
not been included as the advice given by the Soils Commission would
indicate successful growth should be achieved if seeding and hay

mulching is carried out between October and December each year.

19. The order of accuracy of the estimate is considered
to be -5% +10% with the exception of the water treatment. It's
level of confidence is +10%. Appropriate contingency factors have

been added to the project estimates.




4.3 Cash Flow Projections

The cash flow projections have been based on the
project schedules included in Section 5 of this report.
Two cash flow charts have been included:

(a) The total project cash flow chart commencing
October 1lst, 1982 until December, 1985,

b) Summary of 1982/1983 costs.

(c) A cash flow chart for the 1982/1983
activities commencing October lst, 1982
until June 30th, 1983.

The escalation applied to the project costs from
July, 1982 has been estimated at 0.9%/month.
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PROJECT CASH FLOW
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PROJECT COST ESTIMATES cont

Summary of Costs for 1982/1983 Programme

DIRECT WORKS

Site Establishment -

Construction Camp -

Camp buildings

Camp services
Construction management
offices '
Camp operating charges
Camp accommodation

Tailings Dam -

Remove tailings to Dysons
Reshape,protection
drainage and t0p‘soil to
tailings dam

Whites Overburden Heap -

Reshape Heaps

- Treatment Plant -

Design
Part supply of equipment

Borefield installation

JULY 1982 COSTS

356,000

292,000
139,000

39,000
80,000

100,000

613,000

120,000

190,000
500,000
304,000

TOTAL DIRECTS 2,733,000

INDIRECTS
Soil consultaﬁt
Groundwater consultant
Other design services
N.T. Government services

Project Management/Admin.

140,000
163,000

50,000
105,000
600,000

TOTAL INDIRECTS $1,058,000

GRAND TOTAL JULY 82/JUNE 83

% contingency

TOTAL

$3,7%1,000

185,000

$3,980,000
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198211983 WORKS PROGRAMME CASH FLOW

DATE JULY 1982 EST. ESCATATTON TOTAL CASH FLOW
QOSsTS.
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MAY 650 41 691
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TOTAL 3,980 181 4,161

* N.B. All dollar values x 1.000.
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TIME FRAME FOR UNDERTAKING THE WORK




5.0 TIME FRAME FOR UNDERTAKING THE WORK

Project Execution

The Project schedules in this section of the report
indicate the planned activities for the overall project extending
from Cctober lst, 1982 until December 1985.

A more detailed schedule for the period October lst,
1982 until December 1983 has been included to provide more details
of the first years operations and highlight the independency of
activities and the effect on the overall project duration if the

commencement of the project is delayed.
General

The project activities have been carefully selected
to suit the dry and wet season conditions in the area.

The costs to mobilise heavy earthmoving equipment
is considerable and by maintaining activities all year round, the
plant will be better utilized and the camp costs can be reduced
by keeping more average numbers of men rather than peak c¢rews in
the dry season and small crews in the wet season.

The supervision and project managemént costs can be
more effectively used by minimising the overall project time. By
working through each wet season, it reduces the overall time scale

by some eight months.

To gain maximum benefit from the vegetation programme

it is advisable to carry out hay mulching of slopes and conventional

seeding of flat areas during October to December periods.

The apprcach taken in respect to detailed design of
the various activities is to design and specify only the overburden
heaps including reshaping, impervious covers and shifting of large
discrete heaps. _

The remaining works such as rehabilitation of river
beds, general mine site cleanup, removal of coppér launders and
evaporation ponds, revegetation works and removal of minor heaps
will be supervised by the site team with some broad specifications

provided.




It is the objective of the project task team to
maximise the use of a plant hire team rather than expending costs
in engineering design and specification except where a benefit in
arranging specific contracts can be determined.
| It will require more site supervising so day to day
decisions and directions to contractors can be adequately dealt
with. It is expected to achieve more direct rehabilitation of the

site rather than detailed design and documentation.

"Plan of Execution on 1982,/1983

Project Approval by Commonwealth Government by
September 1982,

Formation of project team.

The team will be formed under the direction of the

N.T. Transport and Works - Water Division.

It will consist of experienced project staff, some

drawn from the participating Government departments.

*  Office space in Darwin will be allocated to the team
and all services such as telephone, telex to the site

established soon after.

By reducing the amount of offsite engineering to a

minimum, communications with the site is critical.

A site management office will be established at

Rum Jungle, adjacent to the existing storage sheds
located near Whites Open Cut. It will be situated
away from the tailings area for health and safety

reasons,

A 50 man camp will be constructed 1 km to the north
of the Tailings Dam near the site where the last camp
in 1979 was situated. 0ld water bores exist in the
area which need minor cleaning and new bore pumps to

re-establish a reliable fresh water supply.

The cost of establishing a camp is considerable over




the 3 year period. Alternative proposals were
investigated. These included a camp/caravan park in
Batchelor.

The town management were not in favour of the facility
being in Batchelor and would only permit a camp at
Rum Jungle South or Rum Jungle. There was not sufficient

other accommodation available.

Diesel generating sets will be required for the camp and
the treatment plant. The cost to refurbish the overhead
line back to Batchelor is $118,000 and cannot be

considered an economical prospect.

It will be necessary to set up site laboratories for
water sampling and soils testing. Results from the tests
will be used to control selection of overburden cover
material, the operation of the water treatment plant, and

the allowable water release to the East Finniss River.

Once all project office facilities have been established
by March 1983, it is intended to commence the first major

rehabilitation activity.
Tailings Dam Removal -

The tailings must be carefully removed to Dysons Open
Cut. It is considered appropriate to carry out the works on a schedule
of rates basis. The haul road will be established by the hourly rate,
plant hire crew who would carry out all activities on an "as directed”
basis. The tailings should be removed in 10 weeks and the period
has been selected to take advantage of a low water table under the
Tailings Dam.

After all tailings have been removed approximately
200 mm of acidic soils under the tailings will be taken away to
Dysons Open Cut.

A natural river course will be formed to control water
flow through the area during the first wet season to prevent scouring
of large exposed areas.

Topsoils, protection berms, drainage channels and
revegetation of the Tailings Dam is expected to be completed between
May and December 1983, due to coincide with the dry season.

The water displaced in Dyson Open Cut must be removed




before the rock f£ill can be placed over the tailings. This activity
is dependant on the water treatment plant being in operation by’

January 1984,
Whites Overburden Heap -

The detailed design of the main overburden heaps will
be completed by January 1983. A suitable contractor will be selected
by April 1983.

Reshaping can be carried out during the wet season
without difficulty and it is expected to complete Whites Overburden
Heap including impervious soil covers between April and September
1983. '

Revegetation is scheduled for completiop.by December
1983 prior to the 'growing' season.

Moving of the tailings and rehabilitation of Whites
Overburden are the two major site activities planned for 1982/1983

once all project and construction facilities have been established,
Engineering Investigations -

The detailed engineering and investigations works
recommended in the 1982/1983 programme are:

_ 1. Detailed Design of Dysons,Whites and Intermediate
Overburden covers using naturally occuring clayey - gravels, rip-rap
and suitable top soils.

2. Detailed design and procurement of the water treatment
plant - .

| The operation of the treatment plant is the key to a
number of other major activities planned for 1983/1984. Some of
the equipment will take 30 weeks to manufacture and deliver hence,

the importance to commence design work in October 1982.
3. Water Injection Investigations -

The removal of treated water from the site remains the
one major concern at the time of this report. The method of disposal

cannot be decided upon until trial test bores have been established
and the pumping rates confirmed,

L
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, The method of injection is not an unproven technique.
The geology of the area and the fecords of water flow indicate the
prdspects of success very high. It is necessary to intersect a
high flow aquifer, establish the pumping rates and the head needed
for pump design. The costs of the drilling works has been calculated
by the N.T. Water Division on their success ratio when establishing
new bore fileds, By careful selection of the proposed site, it may
be possible to reduce the drilling costs.

The costs of casing and other permanent materials will
be used for the final water treatment plant disposal system.

The method of disposal is independent of the treatment
plant and any changes could not effect the recommendation to design
and construct a continuous watér treatment plant as proposed in this
report. |

Other works planned for the first year are:

1. Establishment of stream gauging and sampling stations

around the site.

2. Stripping and establishment of borrow pits.
3. Establishment of rip-rap borrow pits.
4. All weather haul roads around the mine site.

Programme of Works 1982 to 1985.

It is expected to.complete White and Intermediate
Overburden reshaping by June 1984 and all revegetation by December
1984.

Completion of Dysons Open Cut filling and reshaping is
expected by December 1984 owing to water treatment restrictions.

Removal of the copper heap leach is expected to commence
in February 1984 once the water treatment commences operation.

Whites North Overburden will be shifted late 1984
after all water from Dysons has been treated.

The aesthetic rehabilitation of the Acid/Sweetwater
Dam, areas under heaps removed to Whites Open Cut, cleaning of river

courses, general recontouring of local mullock heaps have been
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scheduled as the last major activity between March and Jﬁly 1985.

_ The amount of work to be done in this area is difficult
to assess at this stage. Some other rehabilitation activities may
reduce the amount of work planned. An assessment of final cleanup
works is needed by late 1984.

All aestﬁetic rehabilitation and revegetation
programmed will be completed by daily hire equipment crew, supervised
by the site project team.

The vegetation programme will be co-ordinated by
the N.T. Soil Conservation Commission and has been scheduled for
the latter part of 1983 and 1984,

The success of the revegetation programme will be
monitored during two wet seasons and it is expectéd to need remedial
work carried out on areas that have not shown signs of regrowth or

have been damaged by erosion.

A four month evaluation and remedial works programme
has been included as a realistic contingency.

In 1985 it is anticipated to complete aesthetic
rehabilitation of the mine site area, removal of haul roads,
recontouring of borrow pits, remedial work to new vegetation areas
and completion of the open cut water treatment programme.

Once the water treatment has been completed by

September 1985, the only remaining activities are -~

Diversion of the East Finniss River into Whites
Open Cut _

Removal of the treatment plant .

Removal of the camp

Removal of the construction management offices
and services -
Rehabilitation of all areas used for plant and

accommodation.

Check all monitoring stations to ensure all are

operational.
Complete all accounting and administrative functions

in Darwin.
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Complete a project report outlining all activities
undertaken and the measured success of the project at time of
completion.

Long Term Monitoring =
|

Methods proposed for a long term monitoring programme

will incorporate stations installed before and during the course of
the rehabilitation programme: _
The programme is discussed in more detail in Section
& of this report.
In brief it will consist of the four stream gauglng

and water sampling stations set up on the:

East Branch of the Finniss River (1)
Tailings Creek (1)

Finniss River (2}

The 10 observation bores needed for ground water
injection sampling will be a permanent feature for monitoring long
term groundwater arising from the adjacent open cut pits.

Monthly sampling of the open cut water would be
desirable for approximately, 3 years during 'settling down'
period, .

Photography of fixed vegetation plots on overburden
heaps and the Tailings Dam Site would be beneficial to establish
the rate of revegetation progress.

A 35 mm colcur movie would be beneficial showing
'before’, 'during' and 'after' conditiens.

The 'before' scenes have already been taken during
November 1981,

The project schedules for all works and for the
1982/1983 period have been included in Section 5.3 of this report.
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5.2 Project Organisation

The project organisation chart has identified all
key positions needed to carry out the main functions during the
cburse'of the project.

It is proposed that the Director of the Water Division
would.act as project director and a controlling committee comprising

the Secretary of the Transport and Works, other senior N.T. Government

officers and nominated Commonwealth officers would meet on a regular
basis to review engineering proposals, receive progress reports .
on achievements and expenditure forecasts.

The project co-crdinator would supervise éll
activities on a full time basis to ensure achievement of the project
objectives. ,

Some specific assistance from consultants is
recommended to provide expertise in determining:

(a) design of the water treatment plant

(k) wground water evaluation of water injection bores

(c) soils testing and control of compaction,
identification of the correct material from

borrow pits and detailed design of the imperviocus
overburden covers. '

It is proposed to use a number of N.T. Government

Departments to assist in:

water quality sampling

labbratory analysis

vegetation programmes

radiological survey

land survey

bathemetric survey

ground water drilling and pump testing

An assignment chart has indicated the duration of
the key project team members.
The final works in 1985 has a small supervisory team

to minimise costs, as water treatment is the major activity.
The final cleanup works should be carried out with

a small crew and it may be possible to complete the 1985 works
using Darwin and Batchelor for accommodation rather than a camp.

~ 4
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 RUM JUNGLE REHABILITATION PROJECT

RESULTS OF SITE INVESTIGATION

1. INTRODUCT ION

This portion of the report presents the resulits of the site
investigation and materials study undertaken at Rum Jungle during April and
May 1982. '

The site is located approximately 100 km south of Darwin by road and 9
km north of Batchelor. The area examined during exploration surrounds the
abandoned Rum Jungle Mine Site and is shown on Figure 1. '

Properties of potential construction materials were assessed by field
sampling and laboratory testing at the site. A laboratory was established at
Rum Jungle in facilities provided by the Department of Transport and Works,
Water Division, specifically for the Project.

Z. SITE INVESTIGATION

2.1 Investigation Criteris and Exploratory Programme

This field study was undertaken to determine the types ang
amounts of naturally occurring materials available on-site and allow
engineering design of rehabilitation measures.

Materials are required for construction of engineersd covers
over various contaminated areas and for rehabilitation of the entire
site. Sources of borrow would desirably be:

*  Deep deposits to reduce the impact of excavation on undisturbed
areas

* [lose to the site to provide economical haul distances

* Located on topographic highs to allow drainage and pfevent
ponding from rainfall,

After initial site visits were made, .an exploration programme
comprising 64 backhoe excavated test pits was undertaken. These pits,
normally 3m to 4m in depth, were positioned to gain the maximum inform-
-ation with 'a limited. programme rather than excavated on s regular grid.
The area investigated covered 9 square kilometres.

Samples taken from the backhoe pits were tested at the site
soils laboratory established as part of the investigation. This allowed
the exploration programme to be adjusted during the investigation and
thus avoid major areas of uncertainty.
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Test pit locations are shown on Figure S1.]1 and a compilation of
test pit logs is contained in Appendix A below.

2.2 Site Geology

The investigation area comprises a gently undulating plain,
rising to a minor escarpment immediately north of the site.

Rum Jungle Granite surrounds the site to the south, esast and
north while the mine site and the adjacent western area comprise sedi-
ments of the Pine Creek Geosyncline. These sediments include dolomites,
mudstones and congiomerates. From the Geological Plan (Figure 52.2) it
can be seen that tectonic activity has produced major faulting and
quariz intrusions.

The soils overlying the Rum Jungle Granite have resulted - from
insitu weathering of the granite and are essentially sandy gravels and
gravelly sands. This material does not exhibit significant lateritisa-
tion and only supports a sparsely vegetated cover. ' -

In contrast, material overlying sedimentary formations is highly
laterised with significant clay fractions and supports a medium to very
thick vegetation cover.. The area drains to the wesi along the Finniss
River.

2.3 Genesralised Soil Profiles

) As mentioned above, the materials overlying sedimentary forma-
tions are highly laterised. These soils have a generalised profile
comprising either:

* (0.} metres of clavey sand rich in organics

* 3.5 .metres of loose to medium dense laterite and soft to stiff
lateritic clay

or
% . 0.1 metres of clayey sand rich in erganics
* 2.0 metres of lateritic gravel

* 1.5 metres of lateritic clay

Soils derived from granitié material generally comprise:
* (.1 metres of sandy gravel with some organic matter
“* 1.0 metres of loose to medium dense sandy gravel

* 0.5 metres of medium dense to dense clayey gravelly sand.
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Both profiles terminate on extremely to moderately weathered rock.

3. CONSTRUCTION MATERIALS

Suitable construction materials encountered during this investigation
can be classified into six broad types according to their properties and
potential utilisation.

fhe following discussion describes the basic properties of these
materisls, and their potential uses.

3.1 Topsonil

Topsoil 1is required in almost all areas of the proposed rehab-
ilitation to provide a seed bed. Suitable material for = topsoil was
encountered in the wajority of test pits located to the west and north
of the mine site. This material comprises a surficial layer betwsen
J.1Im and 0.4m deep of fine grained, brown clayey sand of loamy
appearance conlaining significant amounts of roots and organic matter.
1t normally overlies ¢ fine grained, red clayey sand which extends to
between 1.0m and 1.4m depth, although in some areas the topsoil type
maierial extended to a depth of 1.5 metres.

The proposed topsoil material is generally loose and would be
easy to excavate after vegetation siripping.

3.2 Lateritic Clays

Composed of sandy clay of high plasticity, these lateritic
materials were encountered in the vicinity of the test pits RJ19 to
RJ23, RI37 to RI39, RI4LS to RISL and RIGD. The lateritic elays extended
to a depth of up to 3.5m and were generally moist with a consistency in’
the range of firm to stiff and thus would present no problems during
excavation if kept well drained.

Figure 53.1 presents the grading envelope and plasticity charac-
teristics of the lateritic clays. This material could be compacted in
dense impermeable layers which would accommodate movement without
cracking. If used for construction, the layers would reguire protection
to prevent erosion.

3.3 Laterites

‘ Laterites were encouniered in the vicinity of test pits RJ1 to
RJ10, RJ1Y9 to RJIZ20, RIZ26 to RI30, RI36 to RI44, RIS52 and RI57. The
laterites consisted of fine to coarse grained clayey sands and gravelly
sands with clay fines of low to medium plasticity. The density of the
laterites was found to vary from loose to very dense and would
generally be very easy to excavate. The grading envelope and plasticity
characteristics of the lateritic sands are presented in Figure 53.2.
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This. material would provide semi-impervious, well compacted
layers. Some protection would be required {o provide adequate resis-
tance to erosion by overland flow.

3.4 Lateritic Gravels

Lateritic gravels were found to consist of fine to medium
grained sandy gravels and clayey gravels with clay fines of low to
medium plasticity. The lsteritic gravels were encountered generally
within a depth of 2m in the vicinity of test pits RJ1 te RJ7, RJl4 to
R315, RJ37 to RI51, RJIS6 and RIGD. Figure S3.5 presents the grading
envelope and plasticity characteristics of the lateritic gravels.

Two distinct types of lateritic gravels were encountered. Most
abundant were poorly graded gravels of essentially wuniform particle
gize. This material would be suitable for capping of overburden heaps

‘and - provide a semi-impervious layer of well compacted material with

sufficient clay content to bind the gravel particles together. The
resulting layer would be resistant to erosion from overland flow.

The second type of gravel was encountered near the downstream
end of the tailings area. This-deposit was easily accessible and
contained well graded sandy gravels with considerable clay that would
be suitable for road construction.

3.5 Extremely Weathered Granite

Soils of granitic origin were encountered in the vicinity of
test pits RJ13 to RJ14, and RJI27 to RI32 to the south east of the mine
site., The soil profile developed over the granite was found to consist
of fine to coarse grained clayey sands and fine grained sandy gravels
which extended to & depth of 2.5m. These soils were found in a dry to
slightly moist state and were medium dense to very dense. Clay
fines of the extremely weathered granite were of medium plasticity. The
grading envelope and plasticity characteristics of this material are
presented in Figure $3.4.

Generally, this material was found to be porous in nature and
lacking in sufficient nutrients to support significant vegetation.

When compacted in layers, it would form well graded, pervious to

semi-pervious material and be suitable for filter and transition filter
zZones. '

3.6 - Rack

Sound rock, suitable for use as rip-rap, is reguired for erosion
protection measures. Rock outcrops in the area are confined to large
quartz reefs and the minor escarpment north of the site. As described
in 3.5 above, granite is available close to the site at a depth of Zm.
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The quartz reefs have been rejected as constrdction_maferial due
to their limited extent and the visual impact that removal would cause.

Hence material suitable for use as rip-rap, apart from clean
rock contained within the overburden heaps, 1is limited to the granitic
areas south and east of the site, the escarpment area north of the site
and minor gravel deposits in stream beds. The river gravels are
composed of sound rock and, when used in gabion structures, would be
aesthetically pleasing. '

. The granite would first require excavation of 1.5 metres to 2.0
metres of overburden followed by a drill and blast operation to.obtain
“significant guantities but has the advantage of short haul distances.

It is uncertain whether excavation of escarpment material woulg

require drilling and blasting but, although the haul is downnill, the
‘haul distance is further than for the granite.

4. LOCATION AND DESCRIPTION OF BORRUW_AREAS

The locations of five potential borrow areas to provide construction
materials required for the rehabilitation works are shown on Figure 54.1,
while Table &.1 details tre estimated quantities of material available in each
area.

Borrow Area 1 is located adjacent to the western edge of the main
- Batchelor Road and is presently open grassland with occasional trees to 10Om
height. The borrow area is suitable for the winning of topscil, laterite and
lateritic clay using load/haul or scraper operations. The haul distance to the
Intermediate Open cut is about 1.5 km and to White's Open Cut is Z.0 km. The
grading and plasticity characteristics of the lateritic clays encountered in
this area are shown on Figure S4.2, Drainage of Borrow Area 1 would be south
into an easterly flowing creek which runs intc Wandering Creek.

Borrow Area 2 is located north west of the Batchelor Road and is
presently heavily vegetated with many trees up to 25m in height. Topsoil,
laterite and lateritic gravel can be won from this area again using load/haul
or scraper operations. Haul distances to the Intermediate Open Cut are about
1.0 km and to White's Open Cut about 1.5 km.. The 'grading and plasticity
characteristics of the laterite and lateritic gravel encountered in this area
are shown on Figure S4.3. The drainage of Borrow Area 2 is into the Finniss

*River Cast Branch.

Borrow Area 3 is located to the north west of the main mine site and is
presently heavily vegetated with several trees up to 10m high. Some scrub
clearings are present. Construction materials available from Borrow Area 3
include shallow deposits of gravelly clay overlying lateritic clay. The
grading and plasticity characteristics of the winnable materials are presented
in Figure S4.4. Haul distances for scrapers or dump trucks would be about G.7
km to the Intermediate Open Cut and 1.2 km to White's Open Cut. Drainage of
Borrow Area 3 would be to the north into the Old Tailings Creek and to the
west into Finniss River East Branch. :
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, ~ Borrow Area 4 is located adjacent toc the north of Dyson's Open Cut and
Overburden Heap. 1he Borrow Area would provide both laterite and lateritic
gravel for rehabilitation works on Dyson's Upen Cut with a naul distance of

‘apout 0.6 km. The grading and plasticity characteristics of these  laterites

and lateritic gravels are presented in Figure S4.5. Borrow Area & is presently
scrub land with several trees to 10m height. Drainage is to the east into a

-creek feeding the Finniss River East Branch.

Borrow Area 5 would provide a source of sand and sandy gravel derived
from extremely weathered granite and, below about 1.5 to Z.0m, relatively
fresh granite. The Borrow Area is presently grassland with several trees to 10
m height. Material could be removed by bulldozing and ripping. Howaver, rock-
fill derived from the underlying granite would need to be won by drilling and
blasting. The haul distance to White's Overburden is about 0.5 km, to Inter-
mediate Open Cut about 8.5 km and to Dyson's Open Cut about 2.0 km. Drainage
of Borrow Area 5 would be north into the Fimniss River East Branch.

BORROW ESTIMATED AVERAGE | AVAILABLE

AREA NB. | AREA (m2) MATERIAL TYPE THICKNESS VOLUME
: . _ (m) {m3)

Laterite (SC) - 0.5 70,000

1 140,000 Lateritic Clay (CH) 2.5 350,000

7 148,000 Lateritic Gravel (GP-GE) 2.0 280,000

3 137,000 Lateritic Gravel (GC-GS) 1.7 232,000

Lateritic Clay (CH) - 1.0 137,000

4 45,000 Sand (5P) 1.0 45,000

Granite (Rockfill-blast
as Required)

5 : 240,000 Laterite (SC} 0.5 103, Ca0
Lateritic Gravel (GC) ' 1.0 200,000
Lateritic Clays {(CH) - 1.5 300,000

TABLE 4.1 - ESTIMATED BORROW PIT QUANTITIES
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5. REQUIREMENTS OF FURTHER TESTING

The ecurrent exploration and " testing programme was sufficient to
delineate the principal wmaterial types to be found in the area and allow
designs to be formulated.

However, before proceeding with construction, it will be necessary to
undertake the following tasks: :

%*  Selection and proving of final borrow areas for the range of material
types appropriate to the reguirements of the design.

* Detailed investigatien of rip-rap sources to select the most economi-
cally suitable material.

%  Identification of inert material within the existing Overburden Heaps
. which would be suitable for construction. '

Successful functioning of the rehabilitation measures is dependent upon
correct construction placement. This placement can only be guaranteed by an
appropriate quality control programme to monitor construction and if necessary
facilitate design modifications. :

6. FIFLD PROCEDURES AND SUMMARY OF LABORATORY RESULTS

6.1 Jest Pits

In order to investigate and sample the uppermost 4.0 metres of
the sub-surface beneath the site, a John Deere backhoe was used for
excavating test pits. Each pit was approximately 4.0 metres long and
0.6 metres wide and was taken to the maximum depth capacity of the
machine, or to refusal, generally 3.0 to 4.0 metres. The exploration
comprised a total of 64 pits.

" The excavation of each test pit was supervised by a Geotechnical
Engineer, who examined, logged and sampled the sub-surface materials.
Each pit was then backfilled.

‘Test pit sample locations were chosen to provide a representative
range of foundation and construction materials.. Bulk samples of layers
in the soil profile were obtained from the sides of test pits making
sure to include the entire depth of the layer as defined in test pit
logs. A total of 84 bulk samples were taken, of which 70 were selectied
for laboratory analysis. ' '

6.2 Laborataory Testing

All  laboratory testing was conducted in accordance  with
Australian Standard 1289 - METHOD OF TESTING SOILS FOR ENGINEERING
PURPOSES, and results obtained from testing are summarised in Tables
6.1 and 6.2 '
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The following tests were conducted during the investigation:

Test

Determination of Soil Moisture Content AS
Determination of Liquid_Limit AS
Determination of Plastic Limit AS
Caleulation of Plasticity Index ~AS
Determination of Linear Shrinkage AS
Particle Size Distribution (Standard Method) AS

Particle Size Distribution - Analysis by
Sieving in Combination With Hydrometer Analysis A5
Maximum Dry Density - Standard Compaction AS
AS

Maximum Dry Density - Modified Compaction

Emerson Class Number

Dréft Standard

Procedure

1289 Bl.1 - 1977
1289 C1.1 - 1977
1289 €2.1 - 1977
1289 €3.1 -~ 1977
1289 €4.1 - 1977
1289 C6.1 - 1977
1289 C6.2 - 1977
1289 £1.1 - 1977
1289 £2.1 - 1977

DR 79081
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: . : LEVEL DATUM AHD
NOTES: ® RJ Test Pit. —— River, stream flowing during wet Meehan BUFQQSS & Yeat RUM JUNGLE REHABILITATION PROJECT
Sealed Road Milt Tailings . . Canmubting) Ervrrmmars & Geslogion OF BORROW A
@ - ATIMUTH AMG LOCATION REAS
No. | DATE DESCRIPTION APPD, ===a=  |nsealsd Rood DRAWNE RPD DATE .
— Dirt Trock TRACED: . DATE: MAY 1982 .
TEVIRONS A QECGED.__ GHA _ DATE MAY 1982 DATE : [ore.no. 2308-005 FIGURE SL.1
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txcavation log P45
~ ‘ A , ] e T
Client MINING & PROCESS ENGINEERING SERVICES (N.T.) PTY, LTD. ; 23508
Project . RUM JUNGLE REHABILITATION PROJECT RL
. Eguipmant iype Backhoe
Eacovation  [Dimensions 600 mm Bucket
Seoiogical € {onsictancy
s \
Sampies Prohle H "E Soi or Rock Type, Structuré . RaIHE;:sn)‘
g a8 . ' Penetromsier
Topsoii CL SANDY CEAY some GRAVEL
brown,- .
.2 Some roots.
Lateritic CH SANDY CLAY some GRAVEL - Yery
Clay High plasticity,fine ‘to medium grained sand Stiff
red,moist,MC ¢ PL o 2]
Some roots. :
-
2.
Lateritic CH CLAY some SAND some GRAVEL Stiff
Clay High plasticity,fine to medium grained sand
fine to medium grained gravel,red and
yellow/brown,moist,MC < PL 7
3.
Pit terminated at 3.4m -~ limit of reach,essy digging |
Logged Dby R.P.B.D. Date. 53 4 go Checked by : q.J.A. Dats ; 21.5.82

Meehan Burges.ﬁ & Yeates




[EU—

. ‘-/,-

- e e
Excavation Log RS 12
Lient MINING & PROCESS ENGINEERING SERVIZES (K.T.) PTY. LTD. 2306
Froject . RUM JUNGLE REHABILITATION PROJECT i
Equipment 1ype Backhoe
Excovaner. Gumensions 60C mm Bucket
o c Consisancy
BEDIOQ.CO) n o
Sompies Srotia H %% E‘D Soi or Rock Type, Structure RMHE::“”
£18c€ &3 Penetromeier
Topsoil g,“-g.:o_'uz GW GC SANDY GRAVEL some CLAY
.1 LAY L light brown,
-_ff?? “\Some roots.
30519 |EW o2 GW GC SARDY GRAVEL some CLAY Loose 1
Granite fine to medium grained gravel,fine to medium
grained sand,fines of low plasticity,yellow
brown;discontinuous sand drains,dry -4
Some roots; angular quartz fragments.,
.7
30520 | EW SC GRAVELLY SAND with considerable CLAY Medium
Granite Fine to coarse grained sand,fine grained Dense
gravel,fines of low plasticity,red white
brown and yellow brown,discontinuous sand .
drains,moist
Some roots; angular quartz fragments.
1.7
EW SC GRAVELLY SAND with considerable CLAY Very
' Granite Fine to medium grained sand,fine grained ) Dense
: 4 gravel,fines of low plasticity,grey red and
2.0 JRe—if” brewn,moist : ]
\ Angular quartz fragments; hard digging.
Pit terminated at Zm - refusal
-1 -
. -}
Logged Dy R.P.8.D. Dote. 53 4. 82 Checked by: J.J.A. . Dote: 21.5.82

Meehan Burgess & Yeates |-
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APPENDIX A

COMPILATION OF EXCAVATION LDG5

Meehan Burgess & Yeates




[PV B

i T . ‘ '
1 fxcavation Log T
i -
Chient MINING & PROCESS ENGINEERING SERVICES (R.T.) PTY. LID. 2306
‘' Project: Rup JUNGLE REHABILITATION PROJECT Re
: Equipment  iype Backhoe ’
frcuvaonan Dunens:ons 600 mm Bucket
; ‘F c Consiswency
, Sompies G;?:;ﬁl.cm ® En E’ %oit o Roch Type, Structure RGIH;):‘?‘”’
' 5 & E Penetrometer
"t Topsoil ' 5C CLAYEY SAND with considerable GRAVEL
i .1 Fines of low plasticity,brown,dry
=]
: 30503 {Laterite SC CLAYEY SAND with considerable GRAVEL Medium |
Tine to medium grained sand,fine grained Dense
; gravel,fines of low plasticity,red,dry
I3 !L E
,§
ty
o
o 1.0
30502 |Lateritic GC SANDY GRAVEL with considerable CLAY Medium
Lot Gravel Fine to coarse grained gravsl,fine to coarse Dense
: grained sand,fines of medium plasticity,red - . -
: moist '
| 4
g
2.1
30501 |Laterite SP SC GRAVELLY SAND some ELAY ) * Dense a
fine to coarse grained sand,fine to medium
grained gravel,fines of medium plasticity
rod,moist . -
3.0
. EW Greywacke . .
; . 3.1 GP GC SANDY GRAYEL some CLAY . Very
i \ grey white yellow, easy digging ) Danse
Pit terminated at 3.1m - pit refusal
— Logged by . G.B.A. Date:  20.4.82 Chocked by: J.J.A. ) Date : 21.5.82

Meehan Burgess & Yeates




P

i

R

Eriovaton {.mensions

600 mm Bucket

Chient MINING & PROCESS ENGINEERING SERVICES (N.T.) PTY. LTD. 2308
Project: RUM JUNGLE REHABILITATIOK PROJECT -
Equ.pment  1ype Backhoe

Geoivg.Lai

Sompies Protits

Waler

Depth
melres

Soi or Roch Type, Structure

Consistency
Rel Dansity
Hore
Penstromatar

Topsoil

30504 |Lateritic

Gravel

30505 (EW
Roeck

a
(=]

'
-]

a ov.-" Graphic
"% 1 og
o

L
oy
P ]
° -}
a®.
o'bb
Q.0 o

100,

-]
o
3

GW GC SANDY GRAVEL some CLAY
brown,

GW GC SANDY GRAVEL some CLAY
fine to medium grained gravel,fines of
medium plasticity,red,porous structure,moist

Loose

(!
(]
+
. o
-]

T
o
c

GW SANDY GRAVEL with & trace of CLAY
Medium to coarse grained gravel,medium to
coarse grained sand,red brown/yellow brown
motktled,moist

Yery
Dense

Pit terminated at 3.5m - limit of reach

Logged Dy G.B.A.

Dats.

Checked by: J.J.A. Daote :

21.4.82

21.5.82

Meehan Burgess & Yeates |




-

i
|
H
1
i

Excavation Log i3
Chent: MINING & PROCESS ENGINEERING SERVICES (H.T.) PTY. LTL. 2505
Project RUM JUNGLE REHABILITATION PROJECT R
Eguipmem  1ype Backhoe
Eacovaton Dimensions 600 mm Bucket

" - Consistancy
G ' o )
Sampies :::33::0 = fa g Soii or Rock Type, Struciure Ral."mo::s.ty
;D S E ’ Penetrometer
Topsoil 6C CLAYEY GRAYEL with some SAND
\bruwn,
38506 |Laterite GC CLAYEY GRAVEL with considerable SAND Loose
Fine to coarse grained gravel,fines of low
plasticity,red,moist
EW 5W SC GRAVELLY SAND some CLAY Very
Rock Medium grained sand,fine to medium grained Dense
gravel,fines of low plasticity,red
brown/yellow brown mottled,moist -
Hard digging.
-
.
] Pit terminated at 2.8m - refusal’ i
Logged by . G:ﬂ.a. Date 21.4.8? Chacked by : J.d.A. DD'.: 21.5.82

Meehan Burgess & Yeates




e

[ pp—

el v

[

i

JE——

Excuvation bLog ' -
Ciiant MINING & PROCESS ENGINEERING SERVICES (N.T.J PTY, LTD
Project : RUM JUNGLE REHABILITATION PROJECT Re
Eguipmant  1ype Backhoe

Esxcovonon” Dimensions

600 mm Bucket

6 c Consstency
. eotog.co izt !
Sompies Brofils 1% : Soil or Rock Type, Struciure Re Hg:gs‘”
z ok Pangtromater
Tepsoil " 5C CLAYEY SAND with considerable GRAVEL
brown,
30508 [Laterite SC CLAYEY SAND with some GRAVEL Medium
Fine to coarse grained send,fine grained ) Dense
gravel,fines of medium plasticity,fed,moist 4
Some roots.
30507 {Lateritic GC SANDY GRAVEL with considerable CLAY Dense R
Gravel Fine grained gravel,fine to coarse grained
sand,fines of medium plasticity,red
-brown/yellow brown mottled,moist
Pit terminated st 3.2m - limit of reach,easy digging
= =1
Logged by G.B.A. Date  21,4.82 Checked by: J.J.A. Date . 21.5.82

Meehan Burgess & Yeates




S

L

svaztion bog

SRty ot 5
Chient RINING & PROCESS ENGINFERING SERVICES (K.T.) FTY, L1L. ; 7305
Project . RUM JUNGLE REHABILITATION PROJECT AL

EQuipment

faza.onon

1yD#

{nmensions

Backhoe

600 mm Bucket

6 | € Consisiency

N £0I0G.CO . w Lo Rel Dens.t

Samines Profie % '.E% i, Soil or Rock Typs, Struciure ‘ Honas b

z 8 E @_DJ ) - Penetromsier
Topsoil ﬁ/%;y S5C GRAVELLY SAND with considerable CLAY
.1 : - brown,
’ 7 49s Segme roots.

30510 JLaterite SC GRAVELLY SAND with considerable CLAY Medium
Fine to coarse grained sand,fine to medium Dense
grainsd gravel,fines of medium plasticity
red,moist
Some roots,

Lateritic GC CLAYEY GRAVEL with some SAND ‘ Dense
Gravel fine to medium grained dgravel,fines of low '
plasticity,red,porous structure,moist
og
HE
30509 lLeteritic —-:.";::--g GW SANDY GRAVEL with a traece of CLAY Yery
Gravel AL 3 Fine to medium grazined gravel,coarse grained Dense
giﬂf{ sand,red,porous structure,moist
e, o .
J'Doo:?ﬂ.ﬂ
2.1
] Pit terminated at 2.lm - hard digging at refusal
il
Logges Dy G.B.A. Date:  27.4,82 Checked Dy: J 9 A, Dote: 21.5.82

Meehan Burgess & Yeates




e T pE St b ey

Dscavation log RIE
wxm - e e
L Nt

Chen MINING & PROCESS ENGINEERING SERVICES (N.T.) PTY. LTD 2306

Project . RUM JUNGLE REHABILITATION PROJECT R

Eguipment  type - Backhoe

Escavonon  Drmensions 500 mm Bucket

. c Consistency

Samptlas u:::;gn.tﬂv s “_'; g .ED Soil er Rock Type . Struciure thf’::"‘y

go & E gj : Panatrometer
Topsoil SC CLAYEY S5AND with some GRAVEL
brown, .
Some roots.
30511 (Laterite SC CLAYEY S5AND with & trace of BRAVEL ) Dense
Fine to medium grained sand,fines of medium |
plasticity,red,moist
Some roots.
Lateritic GC- SANDY GRAVEL with considerable CLAY Denae 3
Gravel Medium grained gravel,fines of medium

plasticity,red,moist

“Some roots. .

30512 |EW SC GRAVELLY SAND with considerable CLAY Very T

L Rock ‘Fine to coarse grained sand,fine grained Dense
gravel,fines of medium plasticity,red
brown/yellow brawn mottled,moist - ~

4
Pit terminated at 3.5m - limit of reaéh,essy digging 7
Logged Dy R.P.B.D. Oote: 22.4.82 Checksd by: J.J.A.- Date:  21.5.82 -

Meehan Burgess & Yeates




T
!
L3

Lokxcovation Log RE 7
Chent MINING & PROCESS ENCINEERING SERVICES (N.G.) PTY., LTL, . 53¢
t
' Froject RUM JUNGLE REHABILITATION PROJECT R
[ EqQuipment  1ype Backhoe
Eacovaton  Dument.ons 600 mm Bucket
. . < Cansisiency
: - G icol I e
B Somgpies u;?:;ﬁ.co 5 :E g Soil or Rock Type, Structure RGIHQD::""
: g & E Panetromerer
Topsoil ) SC CLAYEY SAND with some GRAVEL
E brown,
1 Some roots.
. 30513 jLaterite SC CLAYEY SAND with some GRAVEL Medium
Fine to coarse grained sand,fine grained Dense
gyravel,fines of medium plasticity,red,moist .
Some roots. . .
i 3_ =
|
}‘ 30515 |Lateritic GC SANDY GRAVEL with considersable CLAY | Medium
o Gravel Fine to medium grained gravel,fine to medium Dense
! grained sand,fines of low plasticity,red,moist
Some roots.
30514 |Ew . GC SANDY GRAVEL with considerable CLAY Very
j Dolomite Fine to medium graeined gravel,coarse grained Dense
| - sand,fines of low plasticity,red
' brown/yellow brown mottled,infill clay on
joints,moist
¢ variable density; very irregular fractures -
! . and easy digging. :
{ .
!
! -
3
E
| -
. 3.2
Pit  terminated at 3.2m - refusal
=
. Loggea by R.P.B.D. . Dote.  22.4.82 | cnecked by: g g A, ' Date. 21:5.82

o | ’ | R Meehan Burgess & Yeates




-

| S

Excavation log RS &

- _ _ . JE':/' HC o

wlient MINING & PROCESS ENGINELRING SERVICES (N,T.) PTY. LTD. 230t

Project . RUM JUNGLE REHABILITATION PROJECT Ri

Equpment 1ype Backhoe

Eazavenon Dumensions 600 mm Bucket

o e Cons:stency
i L0 el R h

Sampies :I;;ﬁ. 5 | £ 2 £ Soit or Rock Type, Structure Rei. Densiny
° ] og. Hong )
z A £ &3 Penetromster

Topsoil i SC CLAYEY SAND with some GRAVEL

brown,
.2 Some roots.

30516 |Laterite SC CLAYEY SAND with a trace of GRAVEL Medium
Fine to coarse grained sand,fines of medium Dense
plesticity,red,porous structure,moist
Some roots.

b
_.a Pit terminated at 4m - 1imit of reach, easy digging
woygea by R.P.-B.D. Date 22:4.82 Checked by: J, J,A. Date : 21,5.82

Meehan Burgess '&.Yeatés |
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P

PRIy

JE———

-

[
CoA LS Y

ction Log

Lhienl MINING & PROCESS ENGINEERING SERVICES (N.T.) PTY. LID 72306
Project . RUM JUNGLE REHABILITATION PROJECT R L
Egupment  1ype Backhoe
Eascusdnon  Dumens.one 600 mm Bucket
c Consistancy
C Lot T ow .
Sompies u:zﬁ‘ ajgf Son or Rock Type, Struciure R”Hg’:g‘”y
o w @
= o E Penetromeias
Topsoil GC SANDY GRAVEL with considerable CLAY
brown,
Socme roots.
G
Lateritic GW GC SANDY GRAVEL some CLAY Loose
Gravel Fine to medium grained gravel,medium to
coarse grained sand,fines of low plasticity
red,porous structure,moist
Some roots.
Ew GC SANDY GRAVEL with considerable CLAY Very
Rock Fine to medium grained gravel,cocarse grained Dense
sand,fines of low plasticity,red
brown/yellow brown mottled,moist
Hard-digging.
Pit terminated st 3m - refusal
Loggea by R.P.B.D. Dote:  27.4.82 Checkad by: J.J.A. Date : 21.5.82

'Meehan Burgess & Yeates




O

[——

Fxcavation Log RJ 1%
Client. MINING & PROCESS ENGINEERING SERVICES (4.T.) PTY. LTD. T oape
Project RUM JUNGLE REHABILITATION PROJECT ' Ri

Equipment  1ype

Eataygnon  Dimansions

Backhoe

600 mm Bucket

[

e Consisancy
GeolngCor b
Sampies Prol.;:- & ﬁ% Soil or Rock Type, Structure Rel.mljs::sn,
§ & E Pengtromater
Topsoil SC GRAVELLY SAND with conaiderable CLAY
brown,
: Some roots, -
Colluvium SC GRAVELLY SAND with considerable CLAY Medium
fine to medium grained sand,medium grained Dense
gravel,fines of low plasticity,red,moist
Some roots; maximum size 200 mm. ’ E
30517 |Latsrite SC GRAVELLY SAND with considerablie CLAY Medium
Fine to coarse grained sand,fine to medium Denae i
grained gravel,fines of medium plasticity
;ed,moist '
1.7
EwW - 3 SC CLAYEY SAND with some GRAVEL ) Yery
S5iltstone/spndstone Fine to medium grained sand,fines of medium Dense
plasticity,red brown/yellow brown mottled ‘
perous structure,moist . .
Angular quartz fragments; maximum size 100
mm and easy digging.
3.2
Pit terminated at 3.2m - refusal’
Logged, Dy R.P.B.D. 22.4.82 Checked by: d.J.A, | Dote : 21.5.82

Meehan Burgess & _Yeateg




[N O

U A,

T B
B : !
Exi vation Log ) Ry
Clent FINING & PROCESS ENGINLERING SERVICES (N.T.) PTY. LTL, : 230
e i
Project . RUM JUNGLE REHABILITATION PROJECT Ri
Egu-pment nype Backhoe
Eacovonon  Dumens.ons 600 mm Bucket
c Consistancy
Leaing.cal o
Sompies :—,?:,,3. i ‘E‘l% Seil or Rock Type, Siructure R'EHE::”W
E 8 E Panatrometer
‘Topsoil 5C CLAYEY SAND with considerable GRAVEL
dark brown,
Some roots.
30518 | Alluvium S5C GRAVELLY S5AND with considerable CLAY Medium
Fine grained sand,fine grained gravel,finss Denae
of low plasticity,dark brown,moist
Some roots. 4
EW GC SANDY GRAVEL with considerable ELAY Dense
Rock Fine to medium grained gravel,medium grained i
sand,;fines of medium plasticity,red
brown/yellow brown mottled,wet
Water table at 2.3m depth,
L 4
Pit terminated at 3.7m - limit of reach,easy digging
Logged Dy R.P.B.D. Dats . 22.4.82 Checked by: J.J.A. Dote : 21.5.82

Meehcxn' Buraess & Yeates




N -.\m‘/-'

Y e

(N.T.) PTY. LIL.

Project

RUM JUNGLE REHABILITATION PRCJECT

EQ..poment  1ype

Ercsounon

D.mens.ons

Backhoe
600 mm Bucket

. < Conswsrancy
Geotog.cal _ - u - Rsl D '
Somoies Brofite H % % ‘E‘,o Seil or Reock Type, Structure Hun.;“] y
o © o5
z o E o Penatromater
Topsoil ¥-e ot 5C CLAYEY SAND with considerable GRAVEL
.1 220 brown, ’
eyt NSome roots.
Laterite SW SC GRAVELLY SAND some CLAY Dense
Fine to medium grained sand,fine grained
gravel,fines of low plasticity,red,dry
Some roots. ‘
Lateritic " GC SANDY GRAVEL with considerable CLAY Dense
Gravel Coarse greined gravel,medium to coarse
grained sand,fines of medium plasticity,red
dry :
Maximum particle size BOmm; hard digging.
Pit terminated at 1.8m - ;efusal
Logged Dy, R.P.B.D. Date: 27.4.82 Chacked by: dJ.dJ.A. Dats . 21.5.82

Meehan Burgess & Yeates




[PE——

e et

R

Earcoyalion Tamensions

600 mm Bucket

RS 1L
Chient MINING & PROCESS ENGINLERING STRVICES (N.T.) PTY. LTL, T e
Project . RUM JUNGLE REMABILITATION PROJECT R
Eguipment  1ype Backhoe

c Cons:stancy
Georog.cos - u
Sampiss Frotie ";6 § % £, Soll or Rock Type, Siructure R"H:::"'Y
3 c E (‘53 ) Panatromaster
Topsoil {o:;}!o GC SANDY GRAYEL with considerable CLAY .
.1 S di brown,
0D gt Some roots.
30521 |Lateritic GC SANDY GRAVEL with considerable CLAY Medium
Gravel Fine to medium grained gravel,fine to coarse Dense
grained sand,fines of low plasticity,red and
yellow brown,discontinuous sand drains,dry -
Some roots; angular quartz fragments. :
.9 :
R '
EW f3-0% g GW GC SANDY GRAVEL some CLAY Dense .
Granite i{:ﬂ@f Fine grained gravel,medium to coarse grained
300000 sand,fines of low plasticity,red white brown
%epo%q and yellow brown,dry |
';o?o;n Angular quartz fragments; hard digging.
1.3 fa"®Cro"
- Pit terminated at 1.3m - refusal 1
. 4
- s 4
- e
~09360 By R.P.B.O. Dote. 23.4.82 Checked by: J,J.A, Date 21.5.82

Meehan Burgess & Yeates




N

R

Cuen : o ' N eI Ry r ; T ;-i IS Tats
Liient MINING & PROCESS ENGINEERING SERVICES (N.T.) PTY, L1D. 250n
Project . RUM JUNGLE REHABILITATION PROJECT R
Eguipment  1ype Backhoe )
Excovanon  Thmensions 3 mm Bucket
c Consis1angy
Hezing:Lo - i .
Sompies 0;,;3. . = '.‘:-l 2 % Soii or Rock Type, Structure ReanI;‘):;sn,
; - " o .
';3 & E g_‘_‘, Penet:omater
Topsoil S GC SANDY GRAVEL with considerable CLAY
brown,
: . Some roots.
30522 |{Lateritic GW SANDY GRAVEL with a trace of CLAY Medium
| Gravel Fine to coarse grained gravel,coarse grained Dense
sand,brown,porous structure,dry
Some roots; angular quartz fragments; .
maximum gravel size 80mm.
Lateritic GW GC SANDY GRAVEL some CLAY Loose
Gravel Fine to medium grained gravel,medium grained
sand,fines of medium plasticity,red and
yellow brown,porous structure,moist
Angular guartz fragments. ]
£W SW SC GRAVELLY SAND some CLAY Dense ]
Rack Fine to medium grained sand,fine grained :
gravel,fines of medium plasticity,red white
and yellow brown,moist ]
Angular quartz fragments; hard digging.
Pit terminated at 2Zm - refusal
Logged by R.P.B.D. Dois . 23.4.82 Checked by: J.d.A. 21.5.82

Meehan Burgess & Yeates
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Excovailon Log 1oz
o ) 7' son ne T
Client MINING & PROCESS ENGINEFRING SEAVILES (H.7.) PTY. LID 230¢
Project : RUM JUNGLE REHABILITATION PROJECT RL
Eguipment  1yee Backhoe
Eacosoton  D.mensions 600 mm Bucket

) c Cons.stancy
eping:tol —ow
Sampies F,;fj. B ‘gg Sail or Rock Typs, Structure RBIH::;"”
3,9 5 E . Penatrometer
Topsoil CL SANDY CLAY with considerable GRAVEL
: .1 brown,
\kSDme roots.
Laterite SC CLAYEY SAND with considerable GRAVEL Medium
Fine to medium grained sand,fine grained Dense
gravel,fines of low plasticity,red,moist
Some roots; angular quartz fragments. .
30523 JEW CH SANDY CLAY with a trace of GRAVEL Yery
Mudstaone High plasticity,fine grained sand,blue Stiff
yellow red,bedded,moist,MC > PL
Mudstone is blue with 70° dipping red and
yellow bada; hard digging.
Pit terminated at 3.3m - refusal
Loggea by R.P.B.D. Dare: 23.4,82 Checked by: J.J.A. Date . 21.5.82

Meehan Burgess & Yeates -




Excavation

Loy

R 17
Clignt: MINING & PROCESS ENGINZERING SERVICES (N.T.) PTY, LIL, 2308
Project . RUM JUNGLE REHABILITATION PROJECT Ry
Egupment  1ype Backhoe
Excovoton [nmensions  H00 mm Bucket
= Cons:siency
G 1£a T oW o H i
Sampius :t::g.cu - '.E s ;‘io Soil or Rock Type , Struciure Fie-ﬁé)::s 1y
£ 8 E gg Pangtrometsr
Topanil LA CL SANDY CLAY some GRAVEL
.1 Lol Low plasticity,brown,
i 1 \_Some_roots. .
Laterite Tl A SC CLAYEY SAND with some GRAVEL Dense b
> ' Fine grained sand,fines of low plasticity
; brown,dry
- Some roots. .
.5 :1'Fiz
30524 |Lateritic OL CH SANDY CLAY with a trace of GRAVEL Very |
Cisy s High plesticity,fine to coarse grained sand Stiff
: 4 red,moist,MC > PL
. .,-_ E
2.3 // -
Lateritie _—////// CH CLAY some SAND some GRAVEL Very ]
Clay High plasticity,fine to medium grained sand Stiff
fine to medium grained gravel,grey red and
-/ yellow,moiskt,MC > PL -
- ///
Pit terminated at 3.2Zm - limit of reach,easy digging
N N
Logged Dy R.P.B.D. Date . 23.4.82 Chacko_d by : IJ.\].A. Date . - 21.5.82

Meehan Burgess & Yeates
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Ewcovation log RS 5
hent MINING & PKOCESS ENGINCEEING SERVICES (&.T.) FTY. LIL. o 2308
Project . puM JUNGLE REMABILITATION PROJECT R

Ezwpmunt

Lalu.anon

=0

Dimens.ons

Backhoe

600

mm Bucket

. Consistency
Saminms u:::;:i;cm Soil or Rock Type, Siructure RMHE::S"’
£ FPenetrometer
Topasoil A CL SANDY CLAY some GRAVEL
dtas] brown,
A N.Some roots. .
38525 jLaterite 0: S5C CLAYEY SAND with considerable GRAVEL Dense R
: Fine to coarse grained sand,fine grained :
gravel,fines of high plasticity,red,moist
Some roots. 1
4
30526 |Lateritic CH SANDY CLAY Very ’
Clay High plasticity,fine greined sand,red,moist SEiff
MC > PL 400
(kPa) .
’ ] Pit terminated at 3.3m - limit of feach,easy digging
_ogged by R.P.B.D. Date. 93 2. 82 Checked by: J.J.A. Date . 21.5.82

Meehan Burgess & Yeates




I S ' e
Ewcavation Log At oz
Cient. MINING & PROCESS EMGINZERING SERVICES (N.T.} PIY. LTI, } 235t
Project RUM JUNGLE REHABILITATION PROJECT R
L4u.pMment  1ypé Backhoe
Eacavoren Dimens.ons 600 mm Bucket
c Consisiency
G c.cob )
Somzins u;‘::::‘w 8| % v Soil or Roch Type, Siruclure R“Hg:gs”’
o @ ¥
= = E Penetromster
Topsoil ’ SC CLAYEY SAND with considerable GRAVEL
brown,
Some roots.
30527 |Laterite SC CLAYEY SAND with considerable GRAVEL Dense
Fine to medium grained sand,fine grained
: gravel,fines of medium plasticity,red and
5 Dbk yellow/brown,moist
. 77 ™\ _Some roots. )
30528 |Lateritic YA "CH SANDY CLAY with a trace of GRAVEL Very
Clay High plastiecity,fine grained sand,red,moist Stiff
MC = PL
EW mudstone at base of pits;hard digging.
/
;
/
i
}
{
!
Pit terminated at 3.2m - refusal
Logged by R.P.E.D. Doe  93.4.82 Checked by: J.J.A. Date : 21.75.82’

Meehan Burgess & Yeates
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Exeovation !Og

Bdol
LHiEnT MINING & PROCESS ENGINCERING SERVICES (N.T.) PTY. L7L. 7306
Froject. RUM JUNGLE REHABILITATION PROJECT RL
EGwipmant  1ype Backhoe
friaeonon D:mensions 000 mm Bucket
I Cons.stency
G wat -
Sempies u:‘?:ﬁ,a g |2 E Soil or Rock Type, Struciure R"'HE::"'V
o o @
T o E Penefromuater
Uranium SC CLAYEY SAND with conaiderable GRAYEL
Tailings grey,
.2
Alluvium CL GRAYELLY CLAY with considerable SAND Firm
Medium plasticity,fine grainsd gravsl
vellow/brown,wet, Easy digging =
Water table at 2m depth. ’
X 2.0 1
2.5
1 7 Pit terminated at 2.5m - refusal -4
Loggea by R.P.B.D. bate. 23 .4.82 Checked by: J.J.A. Date : 21.5.82

Meehan Burgess & Yeates
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ROV AHON LGQ Rt 27
e A ' wolk RE - T
Hent MINING & PROCESS EHGINEERING SERVICES (K.T.3 PTY. LID. : 2306
Project . RUM JUNGLE REHABILITATION PROJECT Rt
Egupment 1ype Backhoe
Eacouates Lomensons 600 mm Bucket
. € Consistency
Samipius m:.o?ﬁ:m T '.g L Soii or Rock Typs, Struciure R“HE:;“”"
§ 8 E FPenatromuter
lopsoil : o" GC SANDY GRAVEL with considerable CLAY
.1 5, brown
1 N Some I"DOtS.

Coiluvium © GC CLAYEY GRAVEL with considerable SAND Medium
fine to medium grained gravel,fine grained Dense
sand,fines of low plssticity,grey,dry

.4
Laterite GC CLAYEY GRAVEL with some SAND Medium
6 o Fine grained gravel,fines of low plasticity Denas
) ey yellow brown,moist
- - Some roots. :

Laterite i SC CLAYEY SAND with considerable GRAVEL Medium
Fine to medium grained sand,fine grained Denae
gravel,fines of medium plasticity,red and
yellow brown,moist

30525 | lLateritic CH SANDY CLAY some GRAVEL Firm

Clay High plasticity,fine to medium grained sand
red and yellow brown,meoist,MC = PL
Groundwater at base of pit.

21/ pit terminated at 3.9 m - 1imit of reach, easy
digging
Loggea by "R.P.B.D. Date é4.4.82 ‘Checkead by: J.J.A. Do . 21.5.82

" Meehan Burgess & Yeates "




[——— st

[

et

Excavation Log

Rg 2
Ciignt. MINING & PROCESS ENGINEERING SERVICES (N.T.) PTY. LTD. - 730t
Project . RUM JUNGLE REHABILITATION PROJELT R

Egoipmant

Eazg.d1:0n

1ype

Dimensipns

Backhope

600 mm Bucket

N c Cons:stancy
Sampivs QT:-::L.C:.T.CDI R B Son or Rock Typ#, Siruciure Rel. Dansity
© il Hong
ES o E ) Peneiromstar
TOpPSOTT LT SARDT TEAT S0WE GRAVET
. brown,
Some roots.
30530 [Lateritic CL SANDY CLAY some GRAVEL Stiff
Clay Medium plasticity,fine grained sand
vellow/brown,moist ,MC < PL
Some roots.
Laterite S5C CLAYEY SAND with considersble GRAVEL Denge
Fine to mesdium grained sand,fine grained
gravel,finss of madlum plastlclty,rad moist
Some roots.
30531 |Lateritic CH SANDY CLAY with a trace of GRAVEL Stiff
Clay High plasticity,fine grained sand,grey red 250
and yellow/brown,moist,MC > PL (kPa)
Some roots.
f;'
1
Ew CL SANDY CLAY with considerable GRAVEL Vefy
Mudstone Medium plasticity,fine grained Band,grey red Stiff
' and yellow/brown,moist,HC < PL C 400
! {kPa)
H
;
Pit terminated at 3.6m - limit of reach,difficult digping
Loggea by R.P.B.D. Date. 54 4. g2 Checkad by: J.J.A. Date : 21.5.82

 Meehan Burgess & Yeates
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xcavation Log

s

Client. MINING & PROCFSS ENGINEERING SERVICES (N.T.) PTY. LTD. L 736k
Project : RUM JUNGLE REHABILITATION PROJECT Re
Eguipment  1ype Backhoe
Eacavonon emensons 600 mm Bucket
c Consisiancy
Geplog.col T owm .
Sompiss :,?ofﬁ.c H % _E Soil or Rock Type, Strutiure R“HE::""
§ & E ) Penatrometer
Topsoil SC CLAYEY SAND with considerable GRAVEL
.1 brown, :
\\Same.roots.
tateritic GC SANDY GRAYEL with considerable CLAY Dense
Gravel Fipe grained gravel,fines of medium
’ plasticity,red brown yellow brown mottled
moist : m
Soma roots.
.5
Lateritic CH SANDY CLAY with considerable GRAVEL Stiff
Clay High plasticity,fine grained sand,red blue
and yellow,moist,MC = PL
Some roots.
.
1.5 -
Mudstone CL SANDY CLAY some GRAVEL Hard -
/. grey blue,moist
1.7 4, fissured; hard digging.
Pit terminsted at 1.7m - refusal —
Logges Dy R.P.B.D. Dote. 24.4,82 Chacked by: J.J.A. Dmo:‘ 21.5.82

Meehan Burgess & Yeates
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Excavation Log

Ri 73
' i ot ne
Crhien MINING & PROCESS ENGINEERING SERVICES (N.T.) PTY. LTD. 5 2306
P : i
Froject RUM JUNGLE REHABILITATION PROJECT Ri
Eq-.omert 1,pe Backhoe
Lazavzron Dimensions 600 mm Bucket
c Consmtancy
Sampios Uep‘:::ﬁ;cc' o ‘fl g Soil or Rock Type, Strutiure R'}H::d“"’
g1&8E Penetromater
Topsoiil GC SANDY GRAVEL with considerable CLAY .
brown,
.2z Some roots.
30532 |Lateritic GC CLAYEY GRAVEL with considerabls SAND Dense
Gravel Fine grained gravel,cosrse grained sand
fines of high plasticity,red and yellow B
brown,moist )
Somz roots.
1.9
30533 |Ew CH SANDY CLAY some GRAVEL Very 1
Raock High plasticity,fine grained sand,grey red SEiff
and yelloy brown,moist,MC = PL
Some roots; easy digging. .
3.
i "Pit terminated at 3.3m - refusal
LOgged Dy R.P.B.D. Date. - 24 4 g2 Checked by: J.J.A. Date : 21.5.82

Meehan Burgess & Yeates |
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[ Excove on Log _ R
i - e Lo ne N
§ Chent: MINING & PROCESS ENGINEERING SERVICES (M. T3 PIY, L1B, o 2306
; Project : RUM JUNGLE REHABILITATION PROJECT R
o Equisment  1yps Béck‘hoe
i Escovoncn  $imensions 600 mm Bucket
c Consisiancy
Geoiog:cal . Cow v Rei Dens:1
Sampies Profie ‘E '.% E -§D Soil or Rock Type, Structure Il-mm:s 4
= o E &S . Penstromeisr
3 Topsoil “{SC CLAYEY GRAVEL/SAND
% brown,
.2 Some roots.
. 30534 tLaterite CLAYEY GRAVEL/5AND ' Medium
Fine grained sand,fine grained gravel, Dense
| "medium plasticity clay,red and blue,moist -4
_ Some roots.
i
.9
30535 lEW CL SANDY CLAY some GRAVEL . Veryr ;
Mudstone Medium plasticity,fipne grained sand,fine Stiff
i grained gravel,red blue and yellaw/brown
H 1.2 infill clay on joints,moist,MC = PL ]
o Same ropts. - ; :
Mudstone CL SANDY CLAY some GRAVEL
grey blue,
! Hard digging;bedrock. .
; 1.7
N Pit terminated at l.7m - refusal 1
i
i ] -
|
! 4 N
? i
i
|
od Logged by R.P.B.D. Dole. o4 487 Checked by: ‘JTJ.A. Cate - 21.5.82

Meehan Burgess & Yeates
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LXCGYdarion og Bl 57
Chent. MINING & PROCESS ENGINSERING SERVICES (N.T.) FTY. LiD 230t
' . - ‘ R
Project RUM JUNGLE REHABILITATION PROJECT . -
EQu.pment  type Backhoe
Escovonos Dimensions 600 mm Bucket
c Consisency
Geclog.cal T nst
Sumnpias :‘:o‘;’i.‘:o 8 -‘E % Soil or Rock Typs, Siruciure RMH.:?:.;_.S 'y
F18&c€ Penetrometsr
Topsoil SC GRAVELLY SAND with considerable CLAY
brown,
Some roots.
30536 jLolluvium GH GflSANDY GRAVEL some CLAY Medium
Cosrse grained gravel,medium grained sand Dense
4 fines of low plasticity,grey yellow, dry E
Some _roots.
30537 [EW SC CLAYEY SAND with considerable GRAVEL Dense
Granite Fine to coarse grained sand,fine grained
: gravel,fines of medium plastlc;ty,red brown ]
yellow brown mottled,moist
Some roots.
-
2.0
Granite GRANITE - (MW - HW) grey, dry Strong
2.3
” Pit terminated at 2.3m - refusal :
A
Loggea Dy R.P.B.D. Dot 57 4,82 Checked by: J_J.A. Date : ?21.5.82

Meehan Burgess & Yeates
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Exra

vation lLog

i
i

Clignt

MINING & PROCESS ENGINEERING SERVICES {N.T.) PTY. LIE.

LoD 0l

- ~gject RUM JUNGLE REHABILITATION PROJECT ' _ RL

;q.;z;_,mem 1ype : Backhoe

faci.chon Dumensions 600 mm Bucket

c Consisiancy
Geplog.CO: T ow u .
Sampiés Brotaa g iég E‘o« Sail or.ﬁock Type , StruCiure RITHOD':;!H)‘
2z o E &5 Penetromeer
Topsoil CL SANDY CLAY some GRAVEL
brown,
- Some_roots.
30538 ilLateritic CL SANDY CLAY with a trace of GRAVEL Stiff
Clay Medium plasticity,fine grained sand,red and 50
yellow brown,moist,MC > PL {(kPa)
Some roots.

3053% fLaterite SC CLAYEY SAND with considerable GRAVEL Medium
Fine grained sand,fines of medium plasticity Dense
red and yellow brown,moist

30540 jLateritic CH SANDY CLAY with a trace of GRAVEL Yery

Clay High plasticity,fine grained sand,grey and Stiff
yellow brown,moist ,MC > PL
Groundwater at base of layer.
30541 |EW SC CLAYEY SAND Very
Hudstone Fine to medium grained sand,;fines of medium Dense
1 plasticity,grey snd yellow brown,moist
Pit terminated at 3.7m - limit of rsach,easy digging
Loggea Dy R.P.B.D. Date. o7 4. 82 Checked by: J.d.A. Dote : 21.5.82

Meehan Burgess & Yeates
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Excovation lLog R; 71

_ i A Loz T

ChEnT. MINING & PROCESS ENGINCERING SERVICES (N.7.) PTY. LiL, . 250¢

Project RUM JUNGLE REHABILITATION PROJECT Ri

Egupmant  1ypé Backhoe

Extavonen Dimensions 600 mm Bucket

B la , £ Consstency
oedioeg:Ca a B
Sampies p,oiﬁ. F Soil or Rock Typs, Structure ReIHE:cnnny
é’ 3 E Fonatromatrer
Topsoil SC GRAYELLY SAND with considerable CLAY
.1 brown, '
Spme roots.

30542 |lLaterite SW S5C GRAVELLY SAND some CLAY Medium
fine to coarse grained sand,medium grained Dense
gravel,fines of low plasticity,yellow Drown
porous structure,moist 4

5 Some roote; angular fragments.
EW SP SC GRAVELLY SAND some CLAY Denae 4
Granite Medium to coarse greined sand,fine grained
gravel,fines of medium plesticity,grey red
brown/yellow brown mottled,moist
Some roots; angular quartz fragments. 3
-
2.2 :
Granite GRANITE (MW - HW), grey and yellow-brown.
Hard Digging | .
2.5 -
- Pit terminated at 2.5m - refusal -1
wogged Dy R.P.B.D. Date: 27.4.8l2 Checked by: J.J.A. Date : 21.5.82

Meehan Burgess & Yeates
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Excavation Log

Exca.clion

Dimensions

600 mm Bucket

R 30
Client. MINING & PROCESS ENGINFERING SERVICES (N.T.) PTY. o 2308
FProject : RUM JUNGLE REHABILITATION PROJECT Ro
Equipment  typs Backhoe

~ c Consisrency-
wQicat w
Somples b:?;:?l.o s | £ 2 Son or Rock Type, Structure Rei Dansity
. =l B3 _ Hong
2 o E . Panstrometar
Topsoil ISC CLAYEY GRAVEL/SAND
; brown,
Some roots.
30543 JLaterite CLAYEY GRAVEL/SAND " Dense
Fine to medium grained sand,fine grained
gravel, medium plasticity clay,red and
yellow brown,moist
Rounded fragments.
. b
EW Granite SP SC GRAVELLY SAND some CLAY Dense
Fine to medium grained sand,fines of low
plasticity,red white and yellow brown,moist
Angular fragments.
1.3
. Vs A ) ’
Granite > . N GRANITE - (MW - HW), grey, dry. Hard digging
\'\\ / .
/_4 -
=N
-~ \':
NN
-
N
\’:‘
2.0—Z
Pit terminated at Zm - refusal
Loggea by R.P.B.D. Dote. 27.4.82 Checked by: J.J.A. Date : 21.5.82

Meehan Burgess & Yeates
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seavisiion Log

RJ 31
] ‘—\r' - _ _ - P00 nl T
Cient MINING & PROCESS ENSINEERING SERVICES (K.T.) PTY. L7D. 2305
Prgcject . RUM JUNGLE RERABILITATION PROJECT : RL
Eguioment typs Backhoe
EarcovGlon  Lomens.ons 600 mm Bucket
Conswiancy
G 1
Sompies :,?:3,50' H Scit or Rock Type, Struciure R‘iH?;:"”
£ Panetromster
Topsoil SC CLAYEY SAND with considerable GRAVEL
' grey,
Some roots.
Colluvium SC GRAVELLY SAND with considersble CLAY
. grey, '
Some roots. ) )
30544 | EW SC CLAYEY SAND with some GRAVEL Dense
Granite Fine to medium grained sand,fine grained
gravel,fines of medium plasticity,red
brown/yellow brown mottled with some white
moist
Some roots; difficult digging; mw/hw granite
) at base of pit.
i Pit terminated at 1.5m - refusal -
.
Loggsa by R.P.B.D. Dote: 27,482 Checked by: g .a. Pats: 25.5.82

" Meehan Burgess & Yeates

W
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Fxeavation Log Ry 22
. Py
N e _ . ﬁ . , i e JGo ne o T
Client: MINING & PROCESS ENGINEERING SERVICES (N.T.) FTY, LTE, 250t
Project: RUM JUNGLE REHABILITATION PROJECT RL
Equipment  1ypé Backhoe
Eaca.anon Dumens.ons 600 mm Bucket
c Consistancy
e Lot T -
Sompies D::?:::.a 51z = Soil or Rock Type, Struciuce R.IH,;D::“”
;‘3_ E’]E . Penatrometer
Jopsoil SC CLAYEY SAND with considerable GRAVEL
grey,
Some roots.
Colluvium SC GRAVELLY SAND with considerable CLAY 7
grey yellow,
Some roota,
EW SC GRAVELLY SAND with considerable CLAY Medium
Granite Fine to coarse grained sand,fine grained Dense
gravel,fines of medium plasticity,red
brown/yellow brown mottled with some white
moist :
Difficult digging; mw/hw granite at base of pit ]
Pit terminated at 1.4m - refusal
7] =
Loggea by - R.P.B.D. Date. 27.4.82 Checked by: J.J.A. Date: 25.5.82

‘Meehan Burgess & Yeate




Fxcavation Llog ‘ RS 33
Cient MINING & PROCESS ENGINEERING SERVICES (N.T.) PTY. LTE, : 250t
Project . RUM JUNGLE REHABILITATION PROJECT RL
E£gquipment  1ype Backhoe
Eacovonon Dimensions 600 mm Bucket
. c Consistancy
Somples U:-‘::;:,q\:—m @ 55_ g Soil or Rock Type , Strutiure R”HE::‘”)’
£1a E Panstromatar
Topsoll U GANDY GRAVEL with considerable LLAY
grey brown -
.2 Some rootg.
30545 | Lateritic GC SANDY GRAVEL with considerable CLAY Dense
Gravel Medium grained gravel,fines of low
plasticity,red yellow,dry i
1.5 .
Quartz- GC GRAVEL some SAND some CLAY Dense
Breccia Medium te coarse grained gravel,fines of
medium plasticity,red brown,moist
s
3
EW CL CLAY some SAND some GRAVEL Very L
Rock Medium plasticity,brown and purple,moist,MC SEiff -
< PL
3.3 Difficult digging.
Pit terminated at 3.3m - refusal -
Logged - By R.P.B.D. Date  27.4.82 Checked by:  J J.A.. Date:  25.5,82

‘Meehan Burgess & Yeate
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‘}',.‘.A\f“-i.ign LQQ ct i
Chient MINING & PROCESS ENGINFERING SERVICES (N.T.) PIY. LTD. B 2300
Project RUM JUNGLE REHABILITATION PROJECT Re

Ecupment  1ype Backhoe

Escosaron  Dimens.ons 600 mm Bucket
c Consmiancy -
it og:cat Tom
Sampiws u:‘:;,s. 5 :E% Soul or Rock Type, Strutture R'IH::;“"
o a
3 E3 o E ~Penetiomater
Topsoil 1
) SC GRAVELLY SAND with considerable CLAY grey brown,
Colluvium Some roots, =
GC SANDY GRAVEL with considerable CLAY grey brown,
Some roots; anguiar gravel fragments
.8
30546 Lateritic GC SANDY GRAVEL some CLAY Dense
Gravel Medium grained gravel,fines of medium
plasticity,grey red end blue,moist ' .
‘Some roots; angular-quartz fragments to 50mm. .
-4
1.1
W CL SANDY CLAY some GRAVEL Hard -
Rock Medium plasticity,fine to medium grained
sand,grey blue,moist,MC < PL
Difficult d1gglng. - A
-

] - Pit terminsted at 2.7m - refusal

Logged Dy R.P.B.D. Date. 27.4.82 Checked by: J.J.A. Dota - 26.5.82

Meehan Burgess & Yeates
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ol e b A -
cxeavation LOQ Fi 2t
Chient: MINING & PROCESS ENGINEERING SERVICES (K.T.} PTY. LTD, : 7305
Project . RUM JUNGLE REHABILITATION PROJECT Ry
Equipment  1ype Backhoe
Escowvonon  {:mens.ons 600 mm Bucket
c ’ Consistancy
Gecrog.cai _ -ow o Re! Dansit
Sompias Frobis g %% .§ . Sail or Rock Type, Swucrure Hon:“ ¥
z & E & ) Penstromatar
Tailings e CL SANDY CLAY
ISy grey,
Lateritic CL GRAVELLY CLAY with considerable SAND Stiff
Clay Medium plasticity,fine grained gravel,yellow
moist
No free water at pit base after 36 hours.
- Pit terminated at 2.3m - refusal
Logged by R.P.B.D. . Date: 27.4.82 Checked by : J.0.A. Dote : 25.5.82

Meehan Burgess & Yeates
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Fauravation Log

RS EC
Chent. MINING & PROCESS DNGINEERING SERVICES (N.T.) ®TY. LiD. 2506
Project :  RuM JUNGLE REHABILITATION PROJECT e
Eqwﬁr-mml 1ype Backhoe
Eatcralion D .mansons 600 mm Bucket
6 c Cansisighcy
. - T W
Sompios epc::jﬂ'm 5 ‘.E I Soit or Rock - Type, Struciure’ R—"HE;:"”
5 8 E Penetromater
Topsoil SC GRAVELLY SAND with considerable CLAY
grey brown, ’
W2 Some roots.
Colluvium GC SANDY GRAVEL with considerable CLAY
grey brown,
Some roots. -
.6
30547 ] Laterite SC GRAVELLY SAND with conaideraﬁle CLAY Dense
Msdium grained sand,fine grained gravel
fines of low plasticity,red,moist 1
Some roots; angular gravel fragments.
1.5 -
EwW ML SANDY SILT some GRAVEL Yery -
Rock Low plasticity,médium grained sand,red Stiff
. yellow with purple and white,moist,MC < PL
Difficult digging. |
3. .
7 Pit terminated at 3.5m - refusal
Loggea Dy R.P.B.D. Dote. 28 4_82 Checkad by: 7‘]'\']'.6' Date : 25.5.82

Meehan Burgesé & Yeate:
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L Pxeovation lLog | o1 17
b1 Client MINING & PROCESS ENSINEERING SERVICES (N.T.) PTY. LTD. 2306
o Project . RUM JUNGLE REHABILITATION PROJELT Ri
| ' : :
! Eguipment  ype Backhoe
. Excavonon Dimensions 600 mm Bucket
Ei ) - Consistency
I . ] T
- Sampies U:):r)ﬁ!m I Soil or Rock Type, Strutiure R“IHE::NU
5_? 8 E Penatromstar
i Topsoil SC GRAVELLY SAND with considerable CLAY
. 1 grey brown
'i 7 N\_Spme roots:
: 30548 | Laterite SC CLAYEY SAND with some GRAVEL Dense
Fine to medium grained sand,fine grained
: gravel,fines of medium plasticity,red,dry . )
: Some roots. -
© g
g -
i W7
: 30549 | Laterite GC CLAYEY GRAVEL with considerable SAND Dense -
i Fine to coarse grained gravel,fine grained
A sand,fines of medium plasticity,red,moist
B Some roots. _ A
H
-
3
!
i 2
|
' Lateritic CH CLAY some SAND some GRAVEL Very
Clay High plasticity,red yellow,moist,MC > PL ~ S5tiff A
}
i
1 -
g i
i 7
5 i
. i
| .
3.8 !
Pit terminated at 3.6m - limit of reach |/
- coggsa by  R.P.B.D. ~  Dote. 28.4.82 Checkad by-  J.J.A. i bete- 25.5.82
4

! o | Meehan Burgess & Yeates |




1
| Cacavation Log s ong
" : . [ - - —
i of] AR Y] ~ oy o —— r = — i_,f.-.. N
’; Crent: INING & PROCESS ENGINFERING SERVICES (N.T.) PIY. LTD. ‘; 2336
Project . RUM JUNGLE REHABILITATION PROJECT .
i EgQu.pment  1ype Backhoe
IR Esxcovancn  Osmansions 600 mm Bucket
i . c Consisiency
i el s W
i Sompres ;‘(’::3. | € e Son or Rock Type, Structure Rule:;sn:r
o £18& H ' ' Fensiromatar
Topsoil CLAYEY GRAVEL/SAND
grey brown,
: Some roots.
30550 | Laterite SC CLAYEY SAND with considerable GRAVEL Dense
Sl Fine grained sand,fine to coarse grained
i gravel,fines of medium plasticity,yellow
. brown,dry .
E 30551} Latarite SC GRAVELLY SAND with considerable CLAY Dense |
; Fine grained sand,fine to medium grained
gravel,fines of medium plasticity,red blue
moist : ) .
30552 Lateritic GC SANDY GRAVEL with considerable CLAY Dense
Gravel Medium grained gravel,fine to medium grained 4
. sand,fines of high plasticity,red blue,moist
Lateritic CH SANDY CLAY with considerable GRAVEL Stiff o
Clay High plasticity,fine grained sand,red blue
with yellow and black,meist,MC = PL
H Difficult digging. i
1
i
E
3
o
; B
, pPit terminated 8t 3.7m - limit of reach
i
I_Dl.ngiﬂ by R.P.B.D..I pots. 28.4.82 Checked by: J. 3. A Date:  p5.5.82

Meehan Burgess & Yeate




Fecavation Log RJ 23
Lient. MINING & PROCESS ENGINZERING SERVICES (N.T.) PIY. LIL. 2306
Project :  RUM JUNGLE REHABILITATION PROJECT RL
Egquipment  1ypé Backhoe
Eacovohon L.mensions 600 mm Bucket

A c Consislancy
] 1003 L
Sompiyas epc:oc:i.c H £ ; Soil or Reock Type, Structure Rel. Dansity
E‘ g © Hang
z o E ) Penairomerar
Topsoil SC GRAVELLY SAND with considerable CLAY
grey brown,
Snome roots.
30554 ) Lateritic GC SANDY GRAVEL with considerable CLAY Dense
Gravel Fine to medium grained gravel,medium grained
sand,fines of low plasticity,yellow,dry -
Some roots. ‘
30553 | Lateritic GC SANDY GRAVEL some CLAY bense |
Gravel Fine to medium grained gravel,coarse grained .
sand,fines of medium plasticity,red yellow
meist
[
Lateritic CH SANDY CLAY some GRAVEL Yery E
Clay High plasticity,fine grained sand,red yellow 5tiff
moist,MC = PL ’
EW CL SANDY CLAY some GRAVEL Hard -
Rock Medium plasticity,fine grained sand, red !
yellow and white,moist,MC < PL
Pit terminated at 3.5m - limit of reach :
.ogeea by  R.P.B.D. Date. 28.4.82 Checked by 1.3.A. Date: 25 5.82

Meehan Burgess & Yeat

€
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Ixcovation LDQ

L T e o s g

Chent MINING & PROCESS ENGINEERING SEAVICES (N.T.) PTY. LTL. T g
Project:  RuM JUNGLE REHABILITATION PROJECT | RL
EQquipment  1ype Backhoe.

ExtOvalion

HMENS.0Nns

600 mm Bucket

X c Consistancy
i L0 0
Sompies D;?o(ﬁ.c :; g g -E:D Sod or Rock Type, Strugiure R.IH::;“”
z c E &3 Penetrometer
Topsoil A SC GRAVELLY SAND some CLAY
.1 A grey
0°°-0 ’
'~_,,-;_°- Some roots,
Leterite . SC GRAVELLY S5AND some CLAY Medium 7
Fine to medium grained sand,fines of medium Dense
plasticity,yellow,dry
Some roots. -~
30555 EW SC GRAYELLY SAND with considerable CLAY Dense
Granite Coarse grained ssnd,fine grained gravel
fines of low plasticity,red yellow and white |
discontinuous sand draine,dry
Difficult digging. i
— -
-y -1
Loggeo. by R.P.B.D. Date. 28 4.82 Checked by: g J.A. Date - 25.5.82

Meehan Burgess & Yeates




L ] Ao
bacuvaiion Log RI Wl
T I e e e e . . _ é.‘c—z r o
Lient PINING & PROCESS ENGINTERING SERVICED (K. T.3 PTV. LTL. 2508
: — s
Project RUM JUNGLE REHABILITATION PROJECY RL
Egquipmant  1ypé Ba;khoe i
Eaco-0non  mensions 600 mm Bucket '
c Consiswency
a o 1 T W
SompiNe :::;::a i fu L %D Soil or Rock Type, Struciure HMHE::"”
-;'.’ 8 .E gﬁ Panatromater
Topsoil ' . SC CLAYEY SAND with some GRAVEL
grey brown,
Some roots.
30557 | Laterite S5C CLAYEY SAND with some GRAVEL Dense
Fine grained sand,fine grained gravel,fines
of low plasticity,red brown,dry’ -
Some roots.
30556 Lateritic GC SANDY GRAVEL with considerable CLAY Medium
Gravel Fine to medium greined gravel,fine grained Dense
aand,fines of medium plasticity,red brown,dry 1
Some roota; gravel fragments to 50mm..
EW SC GRAVELLY SAND same CLAY Very
Rock Medium grained sand,fine to medium grained Dense
gravel,fines of low plasticity,red yellow
and white,moist ’ E
Some roots.
EW SC CLAYEY SAND with some GRAVEL Very
Roek Medium to coarse grained sand,fines of low Dense
plasticity,red brown/yellow brown mottled
with some white,moist ]
Difficult digging
Pit terminated at 3m - refusal
Logyua by R.P.B.D.. Date. 28.4.82 Checked by: g g 4, Dote : 25.5.82

Meehan Bdrgess & Yeate
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[

. . s - e e . _ h . LLCD ne PR
Cient MINING & PROCESS ENGINEERING SERVICES (N.T.0 PIY. LTD P 230t
Project . RUM JUNGLE REHABILITATICN PROJECT RL
Equ.pment  1yDe Backhoe
Eatavanon Dhmansions 600 mm Bucket
. : c i Consisiancy
alogicol L 3 .
Sompies ;,D,ﬁ. ;L s .::i Soil or Rock Typs, Siruciure Rei Density
5 S % ez Hano
ES o E 52 Penetrometsr
Topsoil ) ; CLAYEY GRAVEL/SAND
grey brown,
Some roots.
30558 Leteritic CH SANDY CLAY with considersble GRAVEL Stiff
Clay High plasticity,fine to coarse grained sand
' yellow brown and- blue,moist,MC < PL
Some roots. ' ]
30559 | Lateritic GC SANDY GRAVEL with considerable CLAY Dense
Gravel Fine to medium grained gravel,coarse grained
gsand,fines of high plasticity,red blue and
brown,mpist
Ew CL CLAY some SAND some GRAVEL Hard
Rock Medium plasticity,red brown/yellow brown
-1 mottled with some white,moist,MC = PL
3.5 _/ﬁ _
Ew / CL CLAY some SAND some GRAVEL Hard
Rack / Low plasticity,white,dry '
3.9 pd ﬂ'it terminated at 3.9 m - limit of reach
Logged Dy R.P.8B.D. Date. 28.4.82 Checked by: JuJ.A. Date : 25.5.82

Meehan Burgess & Yeate: :




S

Excavation Log RJ &3
1 e - T e T
L Chent MINING € PROCESS ENGINEFRING SERVICES (N.T.) PTY. LTD. | YAE
‘i Project: RUM JUNGLE REHABILITATION PROJECT Rt
S £gupment 1ype  Backhoe
. Ercaveron Owmansions 000 mm Bucket
; o < Consisancy
r 2005 T hed
i Sampies p?;:. B £ 2 % Soil or Rotk Type , Struciure Rel. Dengity
= &2 Bg Hang
z o E &3 Penetromatar
! Topsoil LR GC SANDY GRAVEL with comsiderable CLAY
. b grey brown,
) S N_Some rpots.
Colluvium Ferehie GL SANDY GRAVEL with considerable CLAY Medium 7
L Medium grained gravel,fines of low Dense
ot rrad o plasticity,red,dry :
. . Gravel particles to 100mm.. e
305601 Lateritic L ._ GC SANDY GRAVEL with considerable CLAY Loose
Gravel o4 o5 Fine to medium grained gravel,medium to i
. “evie{  coarse grasined sand,fines of low plasticity
e red yellow,moist '
-
. E ! A ‘-
4 et ) )
- 30561 | Lateritic o o GC SANDY GRAVEL with considerable CLAY Medium
Gravel 5y Fine to medium grained gravel,fine grained Dense
N et eren sand,fines of low plasticity,yellow,moist
, SAR 3L
| oo
: fo)5ro £
(343 49
Trohe
::ii%ﬁ —
L e la s
33,6 09
3.6. (v
Pit terminated at 3.6m - limit of reach
!
Loggsd by R.P.B.D. Dote. 28.4.82 Checked by: 3 J.A, Dote: 25.5.82

 Meehan Burgess & Yeates




e v e b ]
: I ORIV EITISN L“)Q RY L.
T Netaame e e —
1 Chemt YINING & PROCESS ENSINEERING SEAVICES (K.T.> PTY. LTE, : 7308
B i o ‘
B! Project : RUM JUNGLE REHABILITATION PROJECT _ RL
¢ ) .
f
= Equpment  1yps Backhoe
£aGvyaLON  D:MENs.ONs 600 mm Bucket
’ I - Cons:swncy
[} . T w
D Semules :::::T.COI = "ErS. £ Sail or Rock Type, StruClure R”H:::‘”"
; 5 E Panetromater
1 Topsoil st CLAYEY SAND with some GRAVEL
! grey,
; .2 Some roois.
30562 | Laterite SC CLAYEY SAND with some GRAVEL Medium
: Coarse grained sand,fine grained gravel Dense
fineas of low plasticity,grey,dry : .
Some roots.
.8
. EW SC GRAVELLY SAND some CLAY Medium
o Rock Coarse grained sand,fine grained gravel ’ Dense 4
fines of low plasticity,red brown/yellow
; brown mottled with some white,moist
i Easy digging. ‘ |
A 4
:! 2
. Pit terminated at 2m - refusal
|
v
ol - -
] .
W
i
i
i
Loggea by R.P.B.D. Date: 294,82 Checked by : J.J.A. Date:  25.5.82

i
i

Meehan Burgefss' & Yeate:
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! CEOOovabion Lo Rt Lz
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- g - - - - s oo -
A b Cien FINIHG & PROCESS ENGINZIRINC SERVICES (N, 7.2 PIY. LTD, . | 2508
] ) ;
Project . RUM JUNGLE REHABILITATION PROJECT Ri
1 Equ:pmont  1pe Backhoe
Erviovaror Dimensons 600 mm Bucket
! Cenrs c Consistanty
ed1bdg.cat il o
Sompies F‘er:l = |z % -‘E‘o Sou or Rock Type, Structure RMH:::“W
30 8. E & 3 Peanetrometer
Ly Topsoil 2o e GC SANDY GRAVEL some CLAY
b foe rey brown, ‘
i -8-q ome toots. -
Lateritic GC SANDY GRAVEL some CLAY Very -
. Gravel Fine grained gravel,cosrse grained sand Dense
fines of low plasticity,red yellow,moist
. Angular gravel fragmenta to 50mm.. ]
:
g
4
i
Lateritic CH CLAY some SAND some GRAVEL ' Very
; Clay High plasticity,yellow,moist,MC > PL 1 Stiff
A
1' Lateritice CH SANDY CLAY some GRAVEL Very
i t Clay High plasticity,fine grained sand,red,moist- Stiff -
H MC < PL - :
i
i
. Pit terminated at 3.9 m - limit of reach
!
i Loggea by R.P.B.D. Dote. 29.4.82 ‘ Checked by: 3.3 A; Date : "26.5.82
) . ] . .
i

=-| ' : Meehan Burgess & Yeates
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Frcovation Log R1LE
Ciient MINING & PROCESS ENGINEERING SERVICES {K.T.) PTY. LD, 2308
Froject - RUM JUNGLE REHABILITATION PROJECT Ry
£g-.pment  1ype Backhoe
£ 2C0vONCR  ChMENSIONS 600 mm Bucket

c Consistancy
Geal i£al w B
Sampies u,;:;;ﬁ. s | £ 2 % Soil or Rock Typs, Struciure Rel Dsnsity
AR s : Hoho
F4 a E & - Penatzrometer
Topsoil A GC CLAYEY GRAVEL with considerable SAND
9 ] grey brawn,
2 ‘o g0 Some roots.
30563 | Lateritic GC CLAYEY GRAVEL with considerable SAND
Clay Fine grained gravel,fines of high plasticity
green brown,moist -
Some roots. ’
30564 | Lateritic CH SANDY CLAY some GRAVEL Firm
Clay High plasticity,fine grained sand,green with 7
. some ved white and yellow,moist,MC > PL
Free water at 3.75m. after 15 minutes.
Pit terminated at 3.8 m - 1imit of reach
Loggea Dy R.P.B.D. Date . 29..4.82 Checked by: J.J.A. Date: 25 582

Meehan Burge

ss & Yeates
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Plonrvatic i‘t_.‘jg RI 47
; et s e v s y . e Ao i APt S AL e 4 R, Ao T85O 5 k_;b,ﬂ - e _
Clent. FINING & PROCESS ENGINEERING SERVICES (N.T.) FTY. LYL. 25
Project . RUM JUNGLE REHABILITATION PROJECY RL
n:;::nmn, rype Backhoe '
facw.ahon  C.mensions 600 mm Bucket
- Consislancy
Geolog.col Towm
Lampes epfool.gu s ;‘za S Seii or Rock Type, Struciure R_'|H§);:s|1)'
[<] v ¥
z o E ) Panetromeier
Topspil GC SANDY GRAVEL with considerable CLAY
: red brown,
.2 Some roots.
Quartz GC SANDY GRAVEL some CLAY : Dense
Breccia Coarse grained gravel,medium grained san
purple pink white and yellow,moist -
Gravel particles to 200mm..
1
30565 | Lateritic CH CLAY some SAND some GRAVEL Yery
Clay High plasticity,red brown/yellow brown Stiff |
mottled with some whikte,moist,MC > PL
Ew CL SANDY CLAY with considerable GRAVEL Stiff
Rock Medium plastiecity,fine grained sand,red -
yellow and white,moist,MC < PL
Difficult digging.
-4
Pit terminated at 3.7m - limit of reach
Loggea Oy R.P.B.D. Date. 29.4.82 Checkad by : J.J.A. Dote:26.5.82

‘Meehan Burgess & Yeates
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Eacovahion Log RO -
Lisent MINING & PROCESS ENGINEERING SERVICES (K.T.2 PTY. L1D 730t
i
Project : RUM JUNGLE REHABILITATION PROJECT R
Equ.pment type Backhoe
Escavonon Chimensions 600 mm Bucket
s c Conssacy
eciag:ca! W
Samples pc:ohgu s | £ ¢ Son or Rock Typs, Structure Rei. Density
. = 3 = Hong
z o E . Pensirometer
30566 | Alluvium GC CLAYEY GRAVEL with considerable SAND Medium
Fine grained gravel,fines of high plasticity Dense
grey,dry .
Trace of roots. T
.3
Lateritie CH SANDY CLAY some GRAVEL Very .
Clay High plasticity,medium grained sand,red Stiff
yellow,moist,MC = PL
4
4
2. - .
Lateritic : GC SANDY GRAVEL some CLAY . Loose
Gravel Medium grained gravel,coarse grained sand
: fines of medium plasticity,red brown/yellow
2.8 brown mottled,porous structure,wet .
\lFree water at 2.77m. after 15 minutes; easy
digging. .
] Pit terminated at 2.8m ~ refusal i
Logged Dy R.P.8.D. Dote. 29 4. 87 Checked by: J 3 A Dote: 26.5,82
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e ey

Cirent: MINING & PROCESS ENGINCERING SERVICES N.T.) PTY, 1L YEN
[P, .
Project: RUM JUNGLE REHABILITATION PROJECT e
Equipment 1ype Backhoe
Eactvation Dimens.ons 600 mm Bucket
c - Conssiency
o logi - .
Sampies u:u?;ﬁ.cc,” 5| % Soit or Rock Type, StruCture R"HE::“W
5-9 8 . PanBirpmsetar
Topaoil GE SANDY GRAVEL with considerahble CLAY
.1 brown,
Some roots.
Colluvium - GC SANDY GRAVEL some CLAY R
brown,
Angular gravel fragments.
Quartz GC SANDY GRAVEL some CLAY Dense
Breccia red yellow blue and white,dry ]
Angular quartz fragments to 200mm.;
difficult digging.
-
1.
Pit terminated at l.6m - refusal
. .
Loggea by R.P.B.D. Dote: 294,82 Chacked by: 5 5., Date:  25,5.82
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tacavation log T
Ciignt MINING & PROCESS ENGINFERING SERVICES (N.T.) PTY. LiD. 7308
Project . RUM JUNGLE REHABILITATION PROJECT RL
Egui-ment  3ype Backhoe
Escieanon  Dumens.ons 600 mm Bucket

B} 3 Consisrancy

Sampies ‘-‘;‘:":::Z::O' . P Sou or Rock Typs, Structure Rel Densiy

-6 E. ; . Honc
=z o E Penesromatar
Toapsoil SANDY GRAVEL with & trace of CLAY
brawn, -
Some roots.

Ju557| Colluvium GC S5ANDY GRAVEL some CLAY : Loose 7|
Medium to coarss grained qravel,fines of low
plasticity,brown,dry
Some roots; angular gravel fragments. .

30568 Lateritic GC SANDY GRAYVEL with considerable CLAY Loose |

Gravel Fine grained gravel,medium greined sand
fines of medium plasticity,red,moist
Rounded fragments.
Laterite SC GRAVELLY SAND with considerable CLAY Medium
Fine grained Band,fine grained gravel,fines Dense
of low plasticity,red yellow,moist
. Fasy digging.
3
Pit terminated at 3m - refusal
Logges by R.P.B.D. Date. 29.4, 82 Checked DY:J.J, A, Dote: 5.5, 82

Mechan Burgess & Yeates |
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Caduention Log RS SE
Chiedit MINING & PROCESS ENGINCERING SERVICES (N.T.) FTY. LTD. 230
Project . RUM JUNGLE REHABILITATION PROJECT , R
EGu.pment .type Backhoe
£atuesnon  [amens.ons 600 mm Bucket
i c . Consisiency
LesIDgQICD “
Sampies F'rcl::ll I ‘-E ¥ % Sou pr Rock Type, Struciure RMHE:;“‘,
- (=]
;D a E ng Penatromeier .
iopsoil A, SC CLAYEY SAND with some GRAVEL
.1 brown,
Some roots.
Latarite SC CLAYEY SAND with some GRAVEL Medium
Medium grained sand,fines of low plasticity Dense
red,dry
Some roots. -
4
53559 | Lateritic GC SANDY GRAVEL with considerable CLAY Medium
Graveal Fine to medium grained gravel,fine grained vense |
sand,fines of low plasticity,red,dry
.8
Lateritce SC GRAVELLY SAND with considerable CLAY Udenae
Fine to medium grained sand,fine grainad. .
gravel,fines of low plasticity,red,dry
1.4
tateritic CH CLAY some SAND some GRAVEL Stiff
Clay High plasticity,fine to medium grained sand —
fine to medium grained gravel,red blue black
and yellow,moist,MC > PL
Angular quartz fragments; difficult digging. |
- %
Pit terminated at 3.5m - refusal 7
Loggea Dy R.P.B.D. . Date. 29.,4.82 Chacked by: J.J.A. Date: 25, 5. 82

1
i

Meehan Bu—rgess & Yeates _-
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Pecovation Log RE 52
Choent MINING 8 PROCESS ENGINEERING SERVICES (N.T,) PTY. LTD, 2306
Froject . RUM JUNGLE REHABILITATION PROJECT RL
EGusMent  1ype Backhoe
fatovanorn  Dimensions 600 mm Bucket
[ Consisisncy
Senlogica: = w
SOmiiey Prolio v | £ 8 Soul or Rock Type, Slruciure R'I‘HD'“‘”’
H 3 s ong
z o E Penejromater
Tapsail GC SANDY GRAVEL with considerable CLAY
brown,
some roots.
3Jd3il fLaterite SC CLAYEY SAND with considerable GRAVEL vense
fine grained sand,coarse grained gravel
fines of low plasticity,grey brown,dry H
Some roots.
)
5J57U | Loteritic CH CLAY some SAND some GRAVEL Very 1
Clay High plasticity,brown,moist,MC > PL Stiff
450
(kPa) .
1.7
Eud CL CLAY some 3SAND some GRAVEL Very 7
Rock Medium plasticity,red brown/yellow brown Stiff
mottled with green and white,moist,MC < PL
_../ -1
//,
.8 77 : : -
Pit terminated at 3.8 m - 1imit of reach
Logged Dy R.P.B.D. Dote: 30.4.82 Checked by J.J.A. Date: 265,82

Meehan Bﬁrgés;f;&mYea‘tes
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i Cacavation Log L
e (™ . 1
A Cihent MINING & PROCESS ENGINEERING SERVICES (K.T.) PTY. LiE
o Project: RUM JUNGLE REHABILITATION PROJECT _ Ri
Lgupmant  13pe Backhoe
Eacgvaton  Dimensions 600 mm Bucket
-
’ c Consis:ancy
G el T wm
Sompies u:::::‘c:. 8|z % Soil  or Rock Type, Structure R"Hf:g'""
; LE’I E _ Pengicpometer
' Topsoil e " 0% GC SANDY GRAVEL with considerable CLAY !
.1 —ox brown, :
AAPILE Some roots.
Colluvium b0 GC SANDY GRAYEL some CLAY Loose 1
oy i e Fine to medium grained gravel,fines of low
35.% 0 plesticity,brown,dry
4 LD Some roots. -
e8! -
Lateritic 3 : GC SANDY GRAVEL some ELAY Medium
Gravel 0n% b Fine to medium grained gravel,fine ‘grained Dense |
3 5. 50 sand,fines of low plasticity,red white
i L porous structure,dry
o g 0.0 Angular quartz fragments; sub-rounded
el particles. 7]
oo :
i 1.5 777
EW N €L CLAY some SAND some GRAVEL Hard -]
) Rock ; Low plasticity,grey yellow/brown,moist,MC < PL
! ////// Difficult digging.
(3
[ -5
2.3 /]
B Pit terminated at 2.3m - refusal B
. - .
— Logged by R.P.B.D. Date. 30.4.82 Chacked by: g J.A, Dats : 26.5.82

Meehan Burgess & Yeates




Pxcavation Log RJ 54
PoLienl MINING & PROCESS ENGINEERING SERVICES (N.T.) PTY. LTE. 2300
FProject . RUM JUNGLE REHABILITATION PRCJECT RL
Egupmunt  1ype Backhoe
Ercawonor Domensions 600 mm Bucket
G z Consrsancy
e H i T ow»
Sampiss P‘:::IQI.CO 5| £ B Soit or Rock Typs, Struciure Rel Dansity
B % -4 Hang
z o E Penetromarer
Topsoil GC SANDY GRAVEL with considerable CLAY
brown,
.2 Some roots.
Colluvium GC GRAVEL some SAND some CLAY Medium
Fine to medium grained gravel,fines of low Dense
plasticity,red,dry -
Some roots; angular gravel fragments.
30572 | Lateritic GC SANDY GRAYEL some CLAY Medium
Gravel Fine to medium grained gravel,medium grained Densge
sand,fines of low plasticity,red,moist -
Some roots; sub-rounded gravel fragments.
30573 | Lateritic CL SANDY CLAY with considerable GRAVEL Stiff
' Clay Medium plasticity,medium grained sand,fine 300
grained gravel,red yellow/brown,moist,MC = PL {kPa)
Pit terminated at 3.9 m - 1imit of reach
i
L09gea Dy R.P.B.D, Dote. 30.4.82 Checked by: 5 3 A, .. Date:  26.5.82

Meehan Burgess & Yeates




RS oz
Cient MINING & PROCESS ENGINFERING SERVICES (R,T.) PTY. LTD. 2302
Frocyect . RUM JUNGLE REHABILITATION PROJECT Ri
Egupmem  1ype Backhoe
Exigedno: Dimens.ons 600 mm Bucket
. c Consmstency
e2log-Lar » .
Somgiea up;ot:. i1z % “g—;o Sou or Rock Type, Swuciure R“H:n':""
£1 8¢ &5 Penairometsr
Topsoil e CL SANDY CLAY some GRAVEL
i brown,
Some roota.
EW SC CLAYEY SAND with some GRAVEL Very i
Roek Fine grained sand,fines of low plasticity Dense
.- red brown/yellow brown mottled,moist .
Difficult digging. : g
.
n Pit terminated at 2.5m - refusal . 1
_'1 -
Lo4de0 Dy R.P.B.D. Dote. 30,4.82 Checked by: 5 g A Date:  35.5.82

Meehan Burgess & Yeates |
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— : [T Y
el MINING & PROCESS ENGINECRING SERVILES (N.T.3 PTY. LTD. P 230
- Project . RUM JUNGLE REHABILITATION PROJECT RL
Eo-.pment  1ype Backhoe
Esiieatir  Lomens.ons 600 mm Bucket
.. c Conssrancy
EGICQ.cOY w
BUMwa upmm. PR Sev or Rock Type, Structure Rel Dangity
- o Hong
z & E . ) Penastromaier
38574 | Lateritic GC CLAYEY GRAVEL with considerable SAND Loose
Gravel fine to medium grained gravel,medium grained
sand,fines of low plasticity,red,dry
Some roots; angular fragments. 1
-1
A
"‘ .
Laterite GC SANDY GRAVEL with considerable CLAY Loose
Medium grained gravel,medium grained sand
fines of low plasticity,red yellow/brown,moist
=
Pit terminated at 3.9 m - limit of reach
Lcggea by . R.P.B.D. Dote: 30.4.82 ‘ Chacked Y J9,J.A. Dote:  2§.5,82

Meehan Burgess & Yeates
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Excavation lLog RS 57
Cirent MINING. & PROCESS ENGINEE#ING SERVICES (N.T.) FTY. LTL. 7336
Proiect: RUM JUNGLE REMABILITATION PROJECT RL
Eguipment  1;D6 Backhoe
facc.ston  L.mensions 600 mm Bucket

) c Consistantcy
o ' ] T oow
Samgibs :_f:::i.co & ‘.E v -g Sail or Rock Type, Structure R',HE;:“”
- = -]
; 5 E g 3 Penatrometer
Topsoil // SC CLAYEY SAND with some GRAVEL
1 e brown, :
.4 ") Some roots. .
30570 | Laterite SC CLAYEY SAND with some GRAVEL Medium
Fine graeined sand,fine grained gravel,fines Dense
of low plasticity,red brown,dry
Some roots. 4
Lateritic GC SANDY GRAVEL some CLAY Medium |
Gravel Fine to medium grained gravel,medium grained Dense
sand,fines of low plasticity,red,moist
Seme roots. T
- Pit terminated at ¥.5m - limit of reach ]
Loggeo Dy R.P.B.D. Date. 39, 4,82 Checked by: 3 9 A. Date . 26.5.82

Meehan Burgess & Yeates
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Cihoent

Froject .

MINING & PROC

ENGINEERING Sr-v;E (N.T.)Y PTY. LT

RUM JUNGLE REHABILITATION PROJECT

Ego.pment  1ype

Eatsecnan Dimens.ons

Backhoe

600 mm Bucket

Logges Dy

c Consmiency
Gediog.LO: T w» .
Sam s p,oiﬁ. ) _E Soii or Rock Typs, Structure R“HE::‘”!'
g 'S E Panetrometer
Topsoil UL SARNDY TLAY some GRAVEL
.1 brown,
Some TOoOts.
30577 jLateritic GC CLAYEY GRAVEL with some SAND . Medium
Cravel Fine to medium greined gravel,coarse grained Dense
sand,fines of low plasticity,red brown,dry
Spme roots.
1.
Ew CL SANDY CLAY some GRAVEL Very E
Rock Low plasticity,fine grained sand,fine Stiff
grained gravel,red brown/yellow brown
mottled,moist,MC < PL ]
Some rooks.
3.
Pit terminated at 3.5m - limit of reach -
R.P.B.D. 30.4.82 Checked Dby: J,J.A. 26.5.82

Meehan Burgeés & Yeates
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tacavation Log ’ Sy s
[ e . _ s e . e e .
Cilen MINING & PROCESS ENGINEERINE SERVICES (N,1,) BTY, (1L, i I3
Froject RUM JUNGLE REHABILITATION PROJECT R
fasgne 15p8 . Backhoe
Exounation L.mens.ons 600 mm Bucket
) c Consisrency
EQICY. 0L i
SaIm e vprmj. H fo. ¥ % Soil or Rock Type, Struciure R"HD'I:S”"
< - o an
Sl &E (-g s Penetromarar
R PI" s N -
Topsoil ’°D,.'%: GC SANDY GRAVEL with considerable CLAY
.1 T e red brown,
% \ Some roots.
30574 | Lateritie % 25 ° GC SANDY GRAVEL some CLAY. Medium
Gravel Par ey Fine to medium grained gravel,fines of low Dense
plasticity,red,dry -
Some roots; angular fragments to 50mm.. -
Lateritie GC SANDY GRAVEL some CLAY Medium
Gravel Medium tc coarse grained gravel,fines of low Dense
: plasticity,red,dry
Some roots; angular fragments o 150mm..
Pit terminsted at 3.7m - 1limit of reach
e R.P.B.D. Date. 30.4.82 Chechad by: J.J.A. . Dote: 26.5.82

Meehan Burgess & Yeates |




Cient HINING & PROCESS EMGINTERINS SERVICES (N.T.3 PTV, LTE, 235
Froject - RUM JUNGLE REHABILITATION PROJECT RL
Equpment  1ype Backhoe

Eaca-0non  hmengions 600 mm Bucket

o c Consistancy
eCing.COs w v
Sampiss Protie sz % -§ Soill or Rock Type, Struciue H‘!H(?::‘”’
§ ;3 E & Penetrometrer
Topsoil SC CLAYEY SAND with some GRAVEL
.1 grey brown,
. Spme roots.
30579 | Alluvium SC CLAYEY SAND with some GRAVEL Dense
Medium grained sand,fines of low plasticity
yellow brown,moist
Some roots.
.6
30580 [Lateritic GC SANDY GRAVEL with considerable CLAY Dense
Gravel Fine to medium grained gravel,fine to coarse :
grained sand,fines of medium plasticity,red
blue yellow,moist
Rounded fragments to 15mm..
2
Lateritic CH CLAY some SAND some GRAVEL Very
Clay High plasticity,red blue yellow,moist,MC > PL Stiff
Ew CL SANDY CLAY some GRAVEL Hard
Rock Low plasticity,fine grained sand,red blus
red and blue bands,moist,MC < PL
Groundwater at 3.55m, depth.
Pit terminated at 3.7m - limit of reach
Logged by R.P.B.D. Dowe. 1.5.82 Checkad by: J.1.A. Date : 25 5.82

“Meehan Burgess & Yeates
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Coent YINING & PROCESS ENGIRFERING SERVICEC N, 7.5 PIV, L1D
Froject RUM JUNGLE REHABILITATION PROJECT . Ri
Exoztent  15pb Backhoe.
Eacnectiar D Muns.ORS 600 mm Bucket
c Cons:istency
C VoD o
Sorpies U‘:O{:ﬁ. H '.g £ ::io Son or Rock Type, Structure R"HE::""’
° o @ [ d
F o E 5 Penetrometsr
Topsaoil / SC CLAYEY SAND with some. GRAVEL
.1 - grey brown, '
SEbS o 3\ Some roots.
30581 [ Alluvium u SC CLAYEY GSAND Medium
Fine to medium grained sand,yellow brown,moist Dense
Some roots.
1
Alluvium GC CLAYEY GRAVEL with some SAND Medium
Fine to medium grained gravel,fines of low Dense
plasticity,red brown/yellow brown mottled
porous structure,moist
Gravel fragments to 50mm..
Alluvium SC CLAYEY SAND with some GRAVEL Dense
Fine to medium grained.sand,fines of medium
plasticity,yellow brown,moist
1o pla o
'D%
TEW f2743%sl  GL SANDY GRAVEL with considerable CLAY Medium
Rock _‘°°°fg Fine to medium grained gravel,medium grained Denae
;;{593 sand, fines of high plasticity,red
Y4 44 #3 brown/yellow brown mottled,porous structure
n a:auon moist
C°Z:3° Gravel particles to 50mm.j difficult digging.
Ate gt oo
CRT N
:ﬂnonﬂ
Yoy 980
337
R % +5 0t
3
Pit terminated at 3m - refusal
Logged by R.P.B.D. Date 1.5.B2 ' Checked by: d.J.A. Dote:  25.5.82

Meehan Burgesé & Yeates




Excovaetion Log .
whel? MINING & PROCESS ERGINEERING SzaVICES (K.T.) PTY, LIl : 25
Project . RUM JUNGLE REHABILITATION PROJECT R
EQ..L:’“:»’H :1,pe Backhoe
Ercowaron  Dumensions 600 mm Bucket
c Consistancy
Geospgical -
Sampies Erofie g ‘E% Soidl or Rock Type, Struciure RMHE:;SH-"
z & E Penatromster
Topsoil SC CLAYEY SAND with some GRAVEL
red brown,
Some roots.
30582 {Lateritic CL SANDY CLAY some GRAVEL Yery
Clay Medium plasticity,fine to medium grained Stiff
sand,red,dry .
Some roota.
Laterite A SC GRAVELLY SAND some CLAY Dense
A Medium grained sand,fine to medium gralned N
ol ol gravel,fines of low plasticity,red,moist
LA Some roots; angular gravel fragments.
Laterite W AlGt ol 5C CLAYLY SAND with some GRAVEL Dense .
19775 Fine to medium grained sand,fines of low
F ol plasticity,red yellow,moist
- Some _roots.
Leteritic GC SANDY GRAVEL with considerable CLAY Medium
Gravel Fine to medium grained gravel,fines of Dense
medium plasticity,red,moist
Angular fragments. .
£W GC SANDY GRAYEL some CLAY Dense
Rock Fine to coarse grained gravel,fines of low -
plasticity,red brown/ysllow brown mottled
moist
] Gravel fragments to 100mm.; difficult digging.
Pit terminated at 3.5m - refusal
Logged by R.P.B.D. Dote. 1.5.82 Checked by: J.J.A. Date: 25.5.82

Meehan Burgess & Yeates
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* aiton Log GRS
el MINING & PROCESS ENGINELRING SERVICES (N, T.) PIY. LIL - Z30c
rroject RUM JUNGLE REHABILITATION PROJECT R
Eg..pment  typé
Eazzearorn  D.mans.ons 600 mm Bucket
. c Consistancy
weolog.lar . P Ral Dans)
SLmpins Frofie % .é £ Soil or Rock Type, Structurs .Hcm.cs by
3 o E i Penetromater
Topspil SC CLAYEY SAND with considerable GRAYEL
brown,
Some roots.
Coliuvium SC GRAVELLY SAND with cnnsidefable CLAY
red brown,
Some roots.
Lateritic GC SANDY GRAVEL some CLAY Dense
Gravel Fine to medium grained gravel,fines of
‘medium plasticity,red browp,moist
Sgme roots. -
Lateritic CH SANDY CLAY some GRAVEL Stiff
Clay High plasticity,fine grained sand,red,moist
MC < PL
Some roots.
tateritic GC SANDY GRAVEL with considerable CLAY Dense
Gravel Fine to coarse grained gravel,fines of high
plasticity,red brown,moist
Some roots; angular gravel fragments.
Lateritic TH SANDY CLAY some GRAVEL Stiff
Clay High plasticity,red,moist,MC = PL
Some roots. .
EW Rock CH, SANDY CLAY some GRAVEL. High plasticity, white,
moist, MC < PL. Angular quartz fragments Hard
) o
Pit Terminated at 3.7 m - 1imit of reach
Logged Dy R.P.B.D. bata. 1.5.82 Chacked by: 3 3 a Date - 25.5.82

Meehan Burgess & Yeates
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Excavation Log B f
Clhient MINING & PROCESS ENGINEERING SERVICES (N.T.0) FTY. LTLL 2356
Project : RUM JUNGLE REHABILITATION PROJECT Re
Equipmen:  1ype Backhaoe
Eicovonon Cimensions B00 mm Bucket
_ c Conswiency
Sampies u:’zﬁ:’cl R :é " Soil or Rotk Typs, Struciure R"HD';“"
R s g ana-
z o E o] . Pangiromeier
Topsoil ) S ol CLAYEY GRAVEL/SAND
r brown,
Some roots.
30583 [Laterite SC GRAVELLY SAND some CLAY Dense
Fine to medium grained sand,medium grained
grevel,fines of medium plasticity,red brown N
dry
30584 | Laterite SC GRAVELLY SAND with considerable CLAY Dense
Fine to coarse grained sand,fines of low : ]
plasticity,red,dry
.
Ew SC GRAVELLY SAND some CLAY Yery -
| Rock Fine to coarse grained sand,red yellow with Dense
: some blue and white,dry
Diffieult digging.
T Fit terminated at 1.7m - refusal
Logged Dy R.P.B.D. Dote, 1.5.82 Checxed by: J 3. A. Dote ' 25.5.82

Meehan

Burgess & Yeates
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RUM JUNGLE REHABILITATION PROJECT

ENGINEERING REPGRT - MAY 1687

PART 2 - ENGINEERING DESIGN OF REHABILITATION MEASURES

FOR WASTE DU4PS AND DRAINAGE STRUCTURES

1. INTROGDUCTION

The Rum Jungle Rehabilitation Project will invelve the removal,
reshaping and rehabilitation of the various waste dumps within the Froject
Area. Detailed descriptions of the work to be carried out are contained in
Volume I of this report.

This pari of the report considers the engineering design of rehabilita-
tion measures for the White's, Dyson's and Intermediste Overburden Heaps and
Dyson's Open Cut. These measures involve:

*  The design of stable side slopes for the Overburden Heaps

* The design of cover layers for the tops and sides of the Overburden
Heaps

¥  The design of cover layers for Dyson's Open Cut

*  The design of drainage structures for both the surface and surrounds of
the waste dumps.

- Contour plans of White's, Intermediate and Dyson's Overburden Heaps are
shown on Figures D1 and DZ. -

2. DESIGN CRITERIA

The principal criterion underlying development of the designs ocutlined
above was that the Rum Jungle Rehabilitation Works should provide structures,
within relatively fixed budget limits, which will maintain their integrity for
a period in excess of 100 years whilst at the same time provide protection
against the generation of contaminants from within the waste heaps.

" From this criterion or the principal objective of the design, & number
of sub-criteria follow:

*  Maximum usage to be made of existing natural materials.

¥  Borrow materials required for construction should be obtained from
areas within a radius not greater than 10 km around the Project Area.

Meehan Burgess & Yeates
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Development - of borrow areas and construction of the rehabilltation
structures should not significantiy damage the enviroament which
already exists, and materials used should be relatively 1inert wiin
respect to contaminani generation.

Stable covers should generally reflect profiles similar to the
naturally developed soil profiles of the area. These existing profiles
are stable and support good vegetation cover.

Wherever possible, covers should allow natural revegetation to occur by
incorporation of an erosion protective layer and a topsoil horizon or
other material which will be suitable for -the maintenance of vesgetative
grawth.

REHABILITATION MEASURES FOR DVERBURDEN HEAPS

As part of the rehébilitation programme, the outer slopes of the Over-
Heaps will be stabilised by the flattening of existing batter slopes

and the development of capping layers, with integrated drainage structures.

and

Heap.

The work involved in the outer slopes will comprise:

The flattening of batters around the perimeters of the plle to slopes
not exceeding 3 horizontal to 1 vertical

The construction ef a simple layered cover which will inhibit rainfall
infiltration imto the heaps ang provide & site for revegetation to
commence.

The construction of stable drainage lines around tne perimeters of the
heaps and the development of stable drainage lines over the surfaces of
the heaps to provide ercsion protection and infiltration control.

These measures will be applied to the existing White's Overburden Heap

Intermediate Heap as well as the residual portion of Dyson's Overburden -

3.1  Stabilisation of the Outer Slopes

From observations made of the White's Overburden Heap and the
Intermediate Overburden Heap, it is apparent that one of the major
sources of contamination results from the infiltration of rainwaters
into the uncompacted side slopes of the heap and its re-appearance at
the toe of the heap as springs carrying a significant contaminant load.
Thus in developing the design of the covers for the slopes of the
Overburden Heaps, consideration has been given to minimising the amount
of infiltration into the slopes.

Meehan Burgess & Yeates
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Effective control over infiltration will be achieved by construc-

" tion of a cover of vegetation, topsoil and rockfill to provide an

"interception and surface store” and an underlying layer of low permea-
bitity earthfill.

The interception and surface store should provide - storage for
the 1initial 20 to 30 mm of rainfall during any single storm. In the
existing heaps, this rainfall penetrates rapidly through the outer
layer because of the rough and porous nature of the layer. Water then
progresses into the lower layers where it is then unavailable for loss
through evapo-transpiration. 2y providing the interception and surface
store and slopes which will a2llow for rapid rainfall runeff during
rainstorms in excess of 30mm, the extent of infiltration into the heap
will be minimised. As a conseguence, ths amount of contaminants trans-
mitted to the surrounding environment will be considerably reduced from
the existing levels. :

Batter flattening is required to provide a stable slope suitable
for the construction. and continued functioning of the cover. This will
involve the establishment of cut to fill slopes of 3 horizontal to. 1
vertical with berms 5 metres wide at 9 metre vertical intervals. These
berms -will be sloping rather than horizontal. There will be regular
turnouts on the berms to ensure that water fiows away from the heaps.
Runoff will be led off the heaps into rip-rap lined drainage channels
at the toe of the heaps.

A typical cross section through a stabilised siope is shown on
Figure D3. The approach with respect to the stabilisation of the
siopes and the subsequent cover is essentially the same for each of the
waste dumps.

On the edges of the heaps, especially where cutting and filling
has been carried out, the outer 450mm layer of the reshaped surface
will be compacted tc a granular surface by vibratory rcolier. The aim of
this activity is to provide a "filter" iayer for the overlying gravelly
clay material, to reduce the tendency for the clay scils to wash into
voids of the underlying waste rock.

* The gravelly clay layer overlying the compacted outer surface of
the waste dump requires a thickness of 300 mm when compacted and will
be overiain by 450mm of compacted gravel or rockfill with topsoil

~infill.

From the field investigation, detailed in Part 1, there are
ample quantities of laterite and lateritic gravels with the desired
soil properties available locally.

3.7 - Stebilisation of the Top Surface of the Heaps

Slightly different design conditions prevail over the top surface
of the Overburden Heaps. Over this surface it is essential that any
rainfall runs off into well defined channels and does not have the
opportunlty to pond and thus infiltrate the heap.

Meehan Burgess & Yeates
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In contrast to the sides of the heap howaver, the surface slopzs
are relatively smooth and there has already been a considerable deqgree
of compaction due to the passage of mining eguipment during the develep
-ment of the heaps.

The design developed for the rehabilitation of the overburden
heaps provides for a limited amount of recompaction where necessary of
the wupper surface to ensure that a granular tight rockfill surface
exists. This will be overlain by a layer of clay, earth-rockfill and
topsoil materials similar to the sides of the heap.

Thus, the design requires compaction of the upper surface to
establish this  granular smooin bese before placement of the capping
comprising a gravelly clav layer 300 mm thick. The uppermost surface of
the cover will be formed by =z layer of ripped earth-rockfill material
206 mm thick. This upper laver would not be compacted other than by
bulldozer tracking and construction equipment and tne taopsoil would be
loosely spread into the materlal. :

To encourage interception of water and therefore minimise the
potential infiltration into the pile, a vegetated topsoil cover will be
provided with a capacity similar to that of the side slopes (about 20
to 303 mm of the initial rainfall). The underlying gravelly clav layer
will have a relatively low permeability and thus the infiltration
capacity will be rapidly reached during heavy rainfslls resulting in
overland flow into the drainage control lines. Thus, for light rain-
falls, infiltrating water will be trapped in the surface soils and
vegetation whilst for heavy rainfall, most water would runoft intc the
drains.

a. TOVER DESIGN FOR DYSON'S OPEN CUT

As part of the overall rehabilitation for the Rum Jungle Project Ares,
the Dyson's Open Cut will be backfilled by the heap leach pile followed by
the tailings material. Once these materials are in place, waste rock will be
transferred from the Dyson's heap to cover the tailings. After the overall
designed shape has been achieved, a final cover will be constructed.

For the design, it has been assumed that during the selection process
of the materials on Dyson's heap, the most contaminated portions of the waste
and those =zones which have the greatest potential to generate contaminants
will be removed first. The material would be progressively dumped into Dyson's
Open Cut with the overall height of each successive 1ift restricted to 9m to
ensure that unacceptable differential settlements do not occur. Compaction of
the material other than by the passage of construction equipment 1s not
required and such an operation would be an unnecessary cost.

As the material is dumped into the open cut, 1t will be raised to pre-
determined survey lines to ensure that a simple mounded profile is developed.
The shape of the heap as shown on the cross sections, Figures D7 to D20, will
provide a stable heap with rapid runoff of waters rather than infiltration
into the dumped rock materials.

Meehan Burgess & Yeates




The upper 450mm, i.e. the last lift of dumped rockfill materials will
be compacted to establish a granular, relatively smooth surface which will act
gs a "filter bed" on the upper surface of thne heap. This compactiocn will be
achieved by a smooth drum vibratory roller.

The actual cover design and surface treatment above this will comprise:

* A lateritic gravelly clay layer of low permeability (300 mm compacted
tnickness} whose purpose is to minimise infiltration into the heap. The
clay, during rainfalls of 20 to 30 mm, will allow the water to perch in -
and above the clay layer rather than infiltration. Disposal of storms
of greater than 28 to 30 mm will be by saturation of the cover and
surface runoff into rip-rap lined drains around the perimeter.

* A layer 300 mm thick of fine rock rip-rap material infilled with top-
soil; this layer will be compacted only by the passage of bulldozers
and spreading equipment and will contain sufficient wvolds for the
topsoil to infiltrate and establish a bed for subsequent growth.

_ On completion, the upper surface of Dyson's heap will slope at about 1
vertical to B horizontal, blending into the natural surface on either side of
the heap with a rip-rap lined drain on the uphiil side. A typical section is
shown on Figure D4,

The objective of the final treatment of the Dysons heap is to provide a
stoble revegetated surface resistant to erosion and scouring. The surface will
be revegetated to ensure a maximum interception and evapo-transpiration of
light rainfails rather than permitting infiitration inte the heap. I{ is
expected that the first Z0 to 30mm of rainfall wiil be abscrbed by the upper
layers and any moisture penetrating to the underlying rockfill will be insuff-
icient to cause significant contaminant generation in the rock materials which
are used for Tilling the Open Cut.

Further, the first materials to be placed into Dyson's Open Cut will be
the heap leach material and the tailings from the Old Tailings dam. The
majority of this material which has a high potential for contaminant genera-
tion will be placed below the water surface so that rainwaters which penetrate
through the cover and into the underlying rock materials will tend to cause
-oxidation in the more inert portion of the rock from Dysons heap before
penetrating to the level of the tailings and heap leach material.

Material requirements in terms of volumes are summarised on Table 1
while required cover thicknesses and material properties are given on Table 2.

5. DESIGN OF DRAINAGE STRUCTURES

For the rehabilitation-works, there will be essentially two types of
drainage structures: : '

* Collector drains on the surface of the overburden heaps

*  Catch drains at the foot of the overburden heaps.

Meehan Burgess & Yeates
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5.1 Collector Drains on the Surface

The final surfaces of the Overburden Heaps will be shaped with
grades of 0.5 te 1% failing towards collector drains. The gradients of
the major drainage lines will vary from 1 to 10%. The reguired capacity
of the drains increases with decreasing elevation as additienal catch
drains, formed in a dendritic pattern on the top of the heap, discharge
thelr waters.

As a consequence, the design adopted for the main collector
drains varies along the lengths of the drains. In the upper part of the
catchment where the collecting area is less than about 2 ha, 1t will be
sufficient to excavate and form definite drainage lines on the existing
heap and to varry out recompaction at the base of tne drains to enable
runoff of the stormwaters without erosion.

_ With increasing catchment area, the capacity of the drains will
be 1increased and, in order to minimise the effects of erosion and
scour, . a series of drop structures will be formed by PVC coated gabion
retaining bunds. Reno mattresses will be used te form spillways at main
outfalls to the local river system. A successful application of gabions
in a similar environment is shown on Figure D6, whilst Figure D5 shows
typical design details of the proposed gabion structures. This design
has been adopted because of the long term erosion requirements and the
need to control the cost of structures.

Initially, the bunds will be free standing and any water impoun-
ded behind the bunds will readily pass through the highly permeable
rockfilled baskets, thereby minimising erosional velocities down the
channel. Gradually during the establishment of vegetation on the heap,
the bunds will collect any erosion products so that the risk of
carrying suspended sediment into the Finnis River is minimised.

By providing a silt trap to coliect any erosional products off
the surface of the heap, the bunds will tend to revegetate naturally
and thereby provide a vegetation or tree lined water course in the
centre of the heap. '

_ PVC coated gabions are produced especially for corrosive environ-
ments. However, if during the 160 year life of the erosion protection
measures, the wire forming the gabion bunds should corrode, it is
expected that the remaining pile of rocks and revegetated channel will
be sufficient to retain sediment. '

Other advantages of using gabions in the design are:

Flexibility

The wuse of gabions will enable the walls to be constructed even on
reformed parts of the stockpile without undue need for foundation
preparation. The gabions can, without loss of structural efficiency,
deform or bend rather than crack or collapse under alternating tension
or compression or in the event of ground subsidence.

Mechan Burgess & Yeates
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Permeability

Gabiona exhibit a high degree of permeability which will allow.not only
collection of silt but will also act in effect as a series of
retardation basins which will not pond the water ahd allow it to pene-
trate into the centre of the overburden heaps.

Costs

~The cost of construction of gsbions and their transport to the site 1is

considerably cheaper than other measures needed to control erosion in
the centre of the gully, such as concrete.

Width of Drainage Channel

By using gabions rather tnan excavated channels with rock retaining
embankments, the width of the central drainage channels can be
minimised and thereby allow greater vegetation cover in the main .
channel. :

5.2 €atch Drains at the Foot of the Overburden Heaps

A significant source of pollution and environmental degradation
oceurs around the perimeter of the overburden heaps where the emerging
acidic ssepage waters has led to the destruction of root systems of the
vegetation which formerly stabilised the creek channels. With destruc-
tion of the root siructure, the channels widened to the extent that
large areas are now devoid of vegetation and exhibit erosion.

A series of catch drains at the toe of each of the rehabilitated
slopes will bDe constructed to collect the runoff from the slopes as

well as any residual seepage waters and- lead it through rip-rap lined
channels intc the main water courses where the potential for degrada-

tion will be lessened.

A typical section through such a lined catch drain is shown on
Figure D3. The stability of these drains will be provided by their
rocky nature and their degree of entrenchment below the surrounding
ground surface. The capacity of the catch drains will be sufficient to
ensure that overland flow of waters which either runoff from.the waste
dump or flow from it in the form of residual seepage does not occur.
This will restrict the area where runoff waters and seepage waters from
the waste dumps occurs, thus permitting revegetation of the previously
damaged areas to take place naturally.

Figure D4 shows a catch drain above the rehabilitated Dyson's
Open Cut. This drain is te intercept runoff from the hillside above
Dyson's and redirect flow around the Open Cut. This drain, dues to its
elevation above the surrounding countryside, may require some gabions

to form energy dissipators.

Meehan Burgess & Yeates




&. LIFE OF REHABILITATION MEASURES

As mentionad in Section 2 - Design Criteria -~ the principal criterion
underlying development of the designs outlined is that the works should
provide structures which will maintain their integrity for a period in excess
of 100 years. '

For the designs described above in this section of the report, we have
attempted to provide this stability by incerporating the following featurss:

* A soil- profile similar to that which exists in the natural surface
already, i.e. a loosened topsoil layer with limited infiltration
capacity, armoured by rock and rip-rap to provide against scouring and
concentrated erosion, with an underlying clay layer simulating that
which naturally occurs {at a depth of about 1 to 1.5m).

»  The encouragement of vegetation wherever possible to provide for the
stabilisation .

*  The development of drainage channels lined with natural rock - materials |
which, even if they do erode will only provide distinct channels of
ergsion rather than widespread removal of the topsoil cover.

~ Thus, the stability of the cover in the leng term depends on a natural
soil profile and the development of vegetation. Whilst histororical records of
the Darwin region are not sufficient to assess how long the measures will
actually work, we have observed 900 year old man made slopes in Cambodia. The
climate is similar to Darwin and these slopes, which form large water
retaining structures, are still functioning. Their stability through 908 years
of alternating wet and dry monsoonal climate has been provided by the develop-
ment of vegetation. It is worth noting that the slopes have a gradient in
excess of 3 horizontal to 1 vertical.

Thus, we believe that under the conditions which prevail at the Rum
Jungle site, the measures provided will give this stability feor the cover.

Meehan Burgess & Yeates




LOCATION
MATERLAL WHITE'S | INTERMEDIATE | DYSON'S s
OVERBURDEN OVERBURDEN OPEN CUT m
(m3) (m3) (m3)
Compacted 69,000 19,000 18,000 118,000
Gravelly CLAY
toosely Compacted 57,000 17,000 - 86,000
tateritic GRAVEL ‘
or ROCKFILL with
topsoil infill
. Fine RIP RAP - - 18,000 18,000
with topsoil
Fine RIP RAP 1,000 500 1,200 3,300
for drains .
L

RUM JUNGLE REHABILITATION PROJECT

TABLE 1 -QUANTITIES OF REQUIRED MATERIALS

Meehan Burge'ssr & Yeates
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1.0 DEFINITION OF THE PROBLEM

1.1 Generally

1.1.1

~use

The problem addressed by this study is as
follows:-

"suitably to treat by use of a conventional
water treatment plant, the contaminatéd water
contained in the Whites, Intermediate and
Dysons open cut pits, for disCharge~into-the
Finniss River system and render that water

remaining in the pits suitable for recreational

The pit water is acid having a pH of approximately
2.8 and contains high concentrations of heavy
metals. Details of water quality are shown in

the reports nominated in Section 2.1.1 and 2.1.2.

. The "Australian Public Health Recommended

Standard For Drinking Water (Australia)" has
been adopted as the desired treated water

guality for the Rum Jungle Project (refer Table 1).

Backfilling of Open Cuts

As part of the overall Rum Jungle Rehabilitation

Project some backfilling of the open cuts will occur.

Generally it is proposed that these operations shall

be as

follows: -




totally fill Dysons open cut with

overburden 700 x lO3 m3

place copper heap leach material

into Dysons open cut 190 x lO3 m3

placement of a clayey gravel into
the bottom of Whites open cut to
act as a plug inhibiting possible
ongoing reaction which may occur
between acid pit water and the
existing tailings and pyritic

overburden to be placed into the pit 100 x 103 m3

Whites north overburden

into Whites open cut 150 x lO3 m3

Total 1.140 x lO6 m3

The backfilling operation shall take place at the rate

of approximately 8000m3/day.

The three open Cqu are to be connected in series with

the water displaced by the backfilling operation finally
flowing into the Intermediate open cut. The interconnection
of the open cut forms part of the earthworks operations.
Practicality dictates that water treatment should

coincide with the backfilling operation.
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Stages of Water Treatment

The water treatment programme will take place in

two stages:

Stage 1 The water displaced by the backfilling
operation will be treated and pumped away

from the plant for disposal.

Stage 2 The water remaining in the open cuts will
be pumped from the Intermediate open cut
through the treatment plant and returned
to Whites open cut, from where it will flow
back into the Intermediate open cut. This
circulation will continue until the pH in

the open cuts reaches an acceptable level.

It is possible that contaminated'ground water
may presently be flowing through the open cuts
and that any reduction in water level created
in Stage 1 may convert this througﬁ flow to a

net inflow of such ground water.

Accordingly it has been allowed in the calculations
below to deal with the maximum conceivable inflow
or through flow of ground water which could occur
during Stage 2 by providing for lime for

neutralization of this water.




It has been allowed that sufficient mixing in the
pits will occur such that treatment of a volume
of water equal to that contained in the open

cuts after backfilling will bring the pH of

all water in the pits to a satisfactory level.

Lime would be added at higher rates than theoret-
ically required to enable additon of the full
calculated amount in a finite period, i.e., lime
input would not assymtote to an infintisimally

small rate as the pH of the feed water rose.

Capacity of the Treatment Plant

It is proposed that the capacity of the treatment plant
be lO,OOOm3/day, with this figure being selected because
it exceeds the backfill rate and is sufficiently large
to enable total treatment to be completed in a realistic

time.

Volume of Water to be Treated

The volume of water requiring treatment is 5.12 x lO6 m

and comprises the following:

A

1.5.1 The present unfilléd volume of the open cuts.

Whites 2.5 x 10° o3
Dysons 0.7 x 106 m3
Intermediate 0.95 # 106 m3

6 _3

Total 4.15 x 10" m

3




1.5.2

The above figures were extract from Table 8,
page 68, Report of the Working Group - Summary.

April 1978 refer Appendix 1.

An allowance of 0.97 x 106 m3 for_contaminated
groundwater flow through the'open cut system

during the treatment programme (see Section 1.7).

The evidence of the existence of the groundwater

flow comes from the following reference:

Australian Mining & Smelting

8th Commonwealth Mining and Metallurgical Conference
Author: T. Barlow
(refer Chapter 9, Page 211, Uranium (see Appendix 2)).

The article outlines the history of the operations

at ‘Rum Jungle.

On Page 213 it is stated that 750 million gallons
of water was pumped from Whites open cut during
its 4 year life. This equates to a rate of

2335m3/day. Hence allowance was made for an

approximate 2500m3/day of contaminated water flow

- through the pit system as the extreme upper limit

possible.




1.6

1.5.3 It has been assumed that the water flowing
through the pits is contaminated to some
degree. There has been no hafd evidence
generated from ground water investigations
to support this statement but it is believed
that some contamination would result if the
ground water is considered to flow between

the individual pits.

The mechanism by which this would dccuf or
level of contamination are now known. However,
for the purpose of this study the possibility
cannot be ruled out as the cost of reégents

to neutralize any such effect is significant.

Determination of the Treatment Period for Stage 1

The duration of Stage 1 is calculated as shown below:

t

Total volume of backfill Duration in days

Fill rate per day

. 6 _3
i.e. 1.14 x 10 m3 = 142.5 working days
8,000 m~/day :
s effective days = 142.5 = 183 days
0.78

This treatment period is based on treating the water
at the reduced rate of 8000m3/day. However, should
the plant be run at its full capécity of 10,000m3/day
the overall treatment period woﬁld be reduced with

a reduction of the water level in the Intermediate

open cut by approximately 2.5m.



Determination of the Treatment Period for Stage 2

The duration of Stage 2 of the water treatment

programme was determined as follows:

Volume of water to be treated during Stage 2 is:
4.15 x 10° -  1.14 x 10®° = 3.01 x 10° n?
(pit volume) (backfill)

Treatment period required is:

2.975 x 10° m® = 301 working days

10,000 m3/day

To determine an effective operating year consider:

6 day week x 24 hrs per day (i.e. 52 days lost per year)

public holidays - 8 per year
downtime - say 20 days per year
.. effective year = 365 - 52 - 8 - 20 _ 100 _ ...
365 _ 1
.. allowing for the effective year
the total time elapsed = 297.5 = 386 days
during Stage 2 | 0.78
.. Volume of ground water flow = 386 x 2500
6 _3

il

0.97 x 10" m




2.1

EVALUATION OF DATA COLLECTED TO DATE

[

Data available at commencement of Study

At the outset of the Study the information available
from testwork previously carried out on the pit water

comprised the following:

2.1.1 Data on the potential range of alkaline chemicals
to neutralize acidity and precipitate heavy metals.
The effect of this type of treatment on macro-ion

. concentrations being noted.

The reagents considered were lime (Cal), limestone
(Cac0,), sodium aluminate (Na,Al, ,) s lime - sodium
carbonate and lime-sodium hydroxide.

refer to report:

"Chemical treatment of Whites pit water and the

Intermediate pit water - Rum Jungle Mine".

by: The Northern Territory of Australia
Department of Transport and Works.

(see Appendix 3).

2.1.2 Chemical analysis of the water quality of
Whites and Intermediate open cuts stating the
heavy metal concentrations( pH and conductance.
Some data is included on the effect of pH level

on the precipitation of heavy metals.




refer to report:

"Water sampling and analysis for Intermediate
open cut, Rum Jungle, 21 July i1981".

and
"Water sampling and field analysis for Whites

open cut Rum Jungle, 8 September 1981".

both reports were produced by:
The Northern Territory of Australia,

Department of Transport and Works.

" (see Appendix 4).

The indications from the reports mentioned above

were:

(a) that slaked lime would be the most practical

reagent to use for neutralization.

(b) the pH of the water would have to be raised
to approximately 10 to precipitate all the
relevant heavy metals the last of which is

Manganese.

(¢) the quality of the water varies from pit to
pit and varies according to depth in the
individual pits. Hence, the reagent consumption

will vary during the treatment cycle.




Additional Testwork Implemented

Additional testwork was initiated by the Study
Consultant through the Northern Territory of

Australia - Departmnet of Transport and Works.

The data generated from these tests related to

the following:

2.2.1 rate of reaction of reagents using dolamite

(MgCO,), limestone (CaCO3) and lime (Ca0).

2.2.2 settling tests using lime addition to
determine the settling characteristics of
the flocculated material.

2.2.,3 cadmium analysis of the pit water.

Reults of the testwork to date and the procedures

adopted are detailed in the report:

"Analytical results for water treatment tests

requested by the Study Consultant" (refer to Appendix 5).

Evaluation of additional testwork

2.3.1 Test Results

The test results reflect a general pattern that

indicated:



(a)

(b)

(c)

2.3.

- 13 -

limestone (C§C03) and dolomite (MgCO3) are
not sufficiently reactive to reduce the
Manganese ion concentration level tp that
required by water quality considerations

i.e. less than 0.5 mg/1.

Hence, these were not considered any further

as viable reagents.

the use of slaked lime proved to be successful
in attaining the required treated water

quality.
that the reaction rates of limestone and
dolomite are so slow that they are not conducive

to reasonable plant design.

Water Treated

The water treated was from Whites open cut with

the average quality being as follows:

pH 2.8

Cu 16 mg/1
Ca 280 mg/1
Fe 82 mg/1
Mn 70 mg/1
S0 4760 mg/1




Whilst it is not represenative of all the
water qualities to be treated, it is
regarded as being typical in settling

behaviour to that showing higher or lower

levels of contaminants. -

It should be remembered that lime concentrations
required to treat the water will be directly
related to the level of contaminants, e.g. higher

contaminants requires higher lime consumption.

However, the settling characteristics will not
vary greatly from those established in the tests,

as the overall concentration of the flocs is:

(a) low in absolute forms
(b) flocé will be of similar composition -
(c) heavier floc formation will result in

denser settled pulp.

Flocculated Pulps

It was noted in the laboratory tests that the
flocculated pulp was easily remobilised by minor

convection currents and agitation.




Treated Water Quality

Tests indicaﬁe that the plant as proposed will meet
the required water quality as far as heavy metal
concentrations are concerned but that the level df
dissolved calcium and sulphate compounds, while
§arying with the degree of contaﬁination of the
feed water, will exceed the nominated standards.

Emission levels will be in the order of:

Ca 900 to 1000 mg/1
S0, 1900 to 2000 mg/l
Cu { 1.0 mg/1l

Fe ¢ 0.5 mg/l

Mn ¢ 1.0 mg/l

pH 8.8 to 10

Settling Rates

Preliminary settling rate data was generated with
the procedures adopted and results obtained being
as detailed in the report: |
"Analytical results for water treatment tests by

the Study Consultant" (refer to Appendix 5).

The settling rate curve for lime addition of 2.22
grams per litre as shown in figure 1 was used for

preliminary sizing of the clarifier.

Note that the apparent decrease in settled density
at 1250 minutes is pobably due to convection currents

caused by minor laboratory temperature fluctuations.
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~2.3.6 Lime Dosage and Consumption

Based upon the data generated typical dosage
rates and total consumption have been

determined as shown in Table 2.

TABLE 2

TOTAL WATER DOSAGE RATE TOTAL QUICKLIME

VOLUME m° kg/m> USED~-TONNES
WHITES 2.5 x 10° 3 8523
INTERMEDIATE 0.95 x 10° 1.7 1835
DYSONS ] 0.70 x 10° 1.3 1035
GROUND WATER FLOW| 0.97 x 10° - 1.0 1102
TOTALS 5,12 x 10° 12495

N.B. The quicklime supplied contains 88% available

ca0 hence the totals of lime used as shown in
Table 2 have been adjusted by a factor of 0.88

to give actual tonnes used.

2.4 Additional Testwork

Additional minor testwork will be required of which
some is currently being carried out. The data being
collected will enable selection of the most suitable-

flocculant and optimum sizing of the thickener/clarifier.




The other testwork necessary is relevant to final
sizing of the filter presses and will determine the
operating parameters of these méchines. This type
of testwork is commercially available from the

equipment manufacturers at moderate cost.

Testwork Generally

The test data collected to date indicates that use of
conventional water treatment methods will reduce the
heavy metal concentrations in the contaminated water
to the aéceptable level as stated in the Australién

Public Héalth Recommended Standard.

The calcium and sulphate levels in the treated water
will be higher than that stated as being acceptable hence
the treated water will require dilution upon discharge

from the treatment plant.

~The information generated through investigation has

been sufficient to enable confident process désign
and preliminary engineering of a plant suitable to

treat the contaminated water.




PROCESS OVERVIEW

Introduction

The treatment of waste solutions of water containing

small amounts of heavy metals has traditionally-been

handled by either ion exchange or hydroxide precipitation.

Ton exchange, either on resins or using solvent
extraction techniques is often used where economics

are such that the project is commercially viable, and

hydroxide precipitation is used where the prime objective

is ‘achieving heavy metal removal at minimum capital and

operating costs.

In the case of the treatment of the Rum Jungle waste
water contained in Whites, Intermediate and Dysons
open cuts, there is no demonstrably economic argument
for a commercial metal recovery unit. Therefore,'the
process to be used in the treatment of these waters-‘

is hydroxide precipitation.

Chemical Reactions

The chemical reactions involved in this process are
generally written:
a4 @™ 5 Mmpa

where M is the metal cation of charge +d and D is

the anion of charge (-m)




In general terms, the anion could be any of a numbe:
of ions (e.g. the sulphide ion) but for the hydroxide

precipitation D = OH and m = 1.

The reaction becomes:

a4+ gonm - M(OH) 4 ¥

The hydroxyl ion can be provided from a number of
sources. However, the most common and‘cost effective
source is from burnt and slaked lime,

Ca0 + H20 —_ Ca(OH)2

(Burnt Lime + Water) (slaked lime)

The sequence in which heavy metals drop out of solution
is dependent on hydroxyl ion concentration and the

solubility product of the heavy metal hydroxide.

Table 3 below indicates solubility products for some

of the common contaminants in the Rum Jungle water.

TABLE 3

Solubility Products Constants for
Hydroxides in Waste Water

Ferric Iron 1.1 x 10738
Aluminium 1.2 x 10732
Cupric Copper | 6.0 x 10720
Zinc 7.1 x 10718

' -13

Manganese 2.5 x 10




Calculations indicate that the heavy metals in the .

Rum Jungle water will precipitate out in the order
as shown in Table 4. There will be of course, some

co-precipitation as the pH increases.

TABLE 4
Metal Approx. pH at which Precipitation'
Commences/Is Complete
Ferric Iron 3.2 — 4.1
Aluminium 5.0 — 5.5
Cupric Copper 6.1 — 6.9
zZinc 7.2 — 1.5
Manganese 9.0 — Q.l

The above relationships are generally correct, but
because of buffering etc., in real solutions, the
results have been checked by laboratory test work,

and found to be substantially correct.

Cobalt and Nickel also come out of solution in the
fange 6.0 to 9.0 but have not been included in the
above tabulation. Arsenic is removed as a co-precipitant
with iron hydroxide. It should also be noted that,
during the increase in éH, some material may be deposited

as insoluble sulphate.

Test Programme Results

Results of the testwork indicate that acceptable heavy
metal removal will be achieved by increasing the pH of
the water to be treated to a pH of 9.6. Precipitation

of heavy metal ions will take place to values expressed




below:
Fe 0.5 mg/1l
Cu 0.1 mg/1

Mn 1.0 mg/l

Confirmatory analytical data is presently being prepared
on all other metals. However, as Manganese is the last
metal to precipitate, the others will be reduced to

below these levels outlined in the recommended Australian

Public Health Standard.

It should be noted that both the calcium and sulphate
levels will be higher than desirable, the upper levels
being limited by the solubility of Gypsum. These
levels are expected to be approximately:

900 to 1000 mg/l calcium Ca

1900 to 2000 mg/l sulphate SO4
Tt will therefore be necessary for plant effluent to
be diluted before disposal if recommended calcium

and sulphate levels are not to be exceeded.

Precipitated Material

The precipitated material will have a varying composition,
but will contain a range of heavy metal hydroxides and
sulphates, these being predominantly iron, copper and
manganese. This material is only likely to re-solubilise
under extremely acid conditions and, therefore, is

suitable for returning as land fill.



PROCESS DESIGN CRITERIA

The pfocéss is designed for the continuous treatment
of lO,OOOm3 per day of polluted water from the Whites,
Intermediate and Dysons Open Cuts. Composition of
feed water is expected to vary depending upon depth
and the particular open cut, but for Whites and
Intermediate is wiﬁhin the range shown in Table 5.

Dysons pit is somewhat less contaminated.

" The plant'is divided into the following sections:

(1) Neutralization Section

(2) Solids Liquid Separation Section

The plant service area provides the necessary air,

water and chemicals to the main operation areas.
Plant Feed

The plant raw water feed is pumped from the polluted

sources to the plant area.

Prior to discharge into the neutralizing tanks some
of the raw water is diverted to be used as process

water to produce slaked lime and lime slurry.




pH
Fe
Cu
Ni
Co
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Mn

Al

Hg

Asv

Ca
Mg
Na
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TABLE 5
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TYPICAL FEED WATER COMPOSITIONS

OF RUM JUNGLE OPEN COTS
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3.5
2
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14

15
7

60

60
0.05

0.001

200
400
40

3100
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"
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55
14

15

230

280

400

900

200

8200
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.01




Neutralization Tanks

Neutralization of the incoming water is effected in two
continucus stirred tank reactors connected in series,
with a nominal residence time of 2 to 3 minutes each.
These tanks have characteristics approaching those of

perfect mixers, and are overflow discharge.

Lime slurry at 5% solids by weight is metered into the
first reaction vessels, with the pulp resulting

overflowing to second tank at a pH of 9.0 to 9.6.

‘In this pH range heavy metals are precipiated according

to the general equation:
MY+ a o —s M(OH)a.¢'(see Section 3.2)
Other reactions may also occur precipitating minor amounts

of heavy metals as insoluble sulphates or complexes

with hydrated iron oxides.

The suggested residence times allow for approximately
902 of the heavy metal hydroxides to precipitate in the
neutralizing tanks. Reactions reach completion in

I

the solids liquids separation section.

Pulp is recirculated from the thickener underflow and
discharged into neutralizing tank No. 2. The recirculation
rate is approximately 25% of the thickener underflow.
Recirculation of the pulp aésists in providing nucleation
sites for floc build-up and so assist in increasing |

pulp densities of clarifier underflow.




Solids Liquid Separation

In this section the solid precipitants and residﬁal-
lime products are separated from the liquid.

In addition, ample residence time is provided in
the élant thickener/clarifier to enable the

neutralization reactions to reach completion.

4.3.1 Thickener/Clarifier

Pulp from the neutralization reaction flows to
the feed well of the thickener/clarifier. A
synthetic flocculant is metered into the
clarifier feed pipe at the overflow from

No.2 neutralizing.tank. The settling rate of
non-flocculated pulp has been determined by
test work, and adjusted'on the basis of

experience to a flocculated rate.

Indications from test work are that a minimum
under flow density of 1.3% solids will be
obtained. However, this rate may be increased
to approximately 5% solids by the effects of
pulp re-circulation and optimising flocculant

addition.

The clarifier 1is therefore, to handle an overflow
of 7.0m3/min, with a varying underflow density
1.3 to 6% solids. Re-circulation rate is

variable to suit particular operating conditions.



4.3,2 Sludge Filtration

Clarifier underflow is pumped to plate and
frame filtration where it is filtered on a

semi~continuous basis.

Due to the semi-gelatinous nature of the sludge
it is unlikely to cause bogging of the clarifier,
and the option exists for operating by holding
sludge in clarifier during the cake discharge cycle,

or operating the two filters in parallel.

The nafure of the cake produced is as follows:b
Cake thickness - 25 mm
Cake density 1500 Kgs/m3
Percent Moisture 50% H20

The material produced may be further dried

by air blown down in the filter if required, and

is suitable for incorporation in land fill.
Services

4.4.1 Lime Handling

Lime (Ca0) is received in suitable containers
and stored. Lime is drawn off at an appropriate
rate and slaked with water, the reactions being:

Cab + H20—-—> Ca (OH)2




The slurry is diluted and pumped at a controlled

rate to No.l neutralization tank.

Flocculant Mixing

Suitable polymer synthetic fiocculant is

received and mixed in dilute solutions of 1%
solids, in the flocculant mixing tank. From
this tank it is metered to the thickener/clarifier>
feed pipe and controlled.on.the basis of underflow

density.

Process Control Criteria

The process control loops in this plant are quite

simple.

pH Control of Lime Addition

The pH of the effluent from No. 2 Neutralization
Tank is measured using a glass electrode or
equivalent. The variation of pH from the set

point is used to increase or decrease lime

slurry addition.

Thickener Underflow Control

The pulp density of the thickener underflow is
measured by a suitable density measuring unit.
(ultrasonic, differential pressure cell, bubble

probe or equivalent). The pulp density is



is used to alter the flocculant addition
and rake height, to bring the pulp density to
the desired set point.

All other areas of the plant are manually controlled.

Assumptions Made

The assumptions made during preparation of this réport

are as follows:

4.6.1 The volume of water in the pits is as stated

by others (refer Section 1.5).

4,6.2 Up to 2500m3/day of contaminated ground water
may presently flow through the pit system, and
that reduction in the pit water levels may '

convert some or all of this to a net inflow.

4.6.3 The allowance of 1 kg/m3 of lime will be sufficient
to neutralize the contamination of the 2500m3/day

should it in fact be contaminated.

4.6.4 The 2500m3/day of flow through the pit does
not actually pass through the plant for treatment
but the allowance of 1 kg/m3 of lime, is added to

- the system and pumped back into the pits.




When Stage 2 is implemented the recirculated
treated water will adequately mix with the
untreated water destratifying it and obtaining

the desired rise in pH.

Recirculation of one volume of the pit water

will achieve the desired pH rise.

Water samples used in the test work are
representative of the overall water quality

in the pits.

Results obtained from testwork at the laboratory ,A

scale are indicative of those resulting at full

treatment rate.




EVALUATION OF PILOT PLANT REQUIREMENTS

The process proposed for treatment of the contaminated
water is conventional applying the use Qf proven concepts

and equipment.

The chemistry relating to the water treatment method
as used in this process is common place and widely
applied in Industry, hence no doubts exist as to its

validity.

The testwork carried out has been designed to produce
usable data oriented towards a practicle solution of
the problem. The results obtained have been consistent

with those expected for water treatment of this nature.

Based upon the above statements it is concluded that
there is no necessity for any pilot plant work, other"
than batch scale work normally performed to complete

detail design and optimum sizing of equipment.




PROCESS DESCRIPTION

The water to be treated is pumped from the open cut
to the plant and discharged directly into the first
neutralizing tank. Transfer to the second neutralizing

tank is by gravity via a transfer launder.

Both neutralizing tanks are continuously agitated to

ensure intimate mixing of the reagents and raw water.

Addition of lime slurry is made to neutralizing tank

No.l to maintain the pH at approximately 10.
Flocculant addition is at No.2 neutralizing tank overflow.

As the neutralized water is leaving the second tank
some 90% of the total solids precipitated are in
suspension. The water is then pumped to the clarifier.
It is here that the liquid/solid separation and final
precipitaﬁion of dissolved solids occurs. The
clarifier overflow is discharged via a launder . to

the clear water  tank.

The clarifier underflow which is at a pulp density

of approximately 1.5%, is split and pumped to both

the plate and frame filter presses and No. 2 neutralizing
tank. Approximately 25% of the clarifier underflow is
recycled to the neutralizing section to act as a

nucleation agent in formation of flocs. .



The balance of the underflow is pumped through the
filter presses to remove the suspended solids. The
filter cakes are periodically discharged from the
presses. .They drop onto a conveyor and aré stacked

outside the building for periodic removal to landfill,.

The filtrate is pumped back to the clarifier where

it Is eventually discharged in the overflow.

Treated water is pumped from fhe clearwater tank to
either the borefield for injection into the ground
during the dry season or directly into the Finniss
/River system during the wet season. Both these options

have the effect of diluting the treated water.

Quick lime is supplied to the site in bulk containers
having a capacity of 22 tonne. They are emptied into
the dump hopper by use of a lifting ffame. From the
dump hopper the lime is pnéumaticaliy conveyed.td

the lime storage bin. Provision has been made for
dust extraction on the dump hopper to minimise losses
during dumpinQ and reduce operator contact with the
lime. The lime-storage bin contains approximately

3 days lime supply.

The quick lime is discharged from the storage bin
and_transferred to the lime slaker by means of a
screw conveyor. At this point water is added to the
system and slaked lime is produced. This is a
continuous process with the slaker prbducing lime

slurry at approximately 12% pulp density. The grit



remaining from the slaking operation is carried out
of the machine by the grit elevator, dropped onto a
conveyor and transported out of the building to a

stack from where it is taken to landfill.

TheAslaked lime is pumped to the C§ntinuously

agitated lime slurry tank where water is added

to reduce the slurry density to 5% by weight. From here
the 5% slurry is metered into No.l neutralizing tank

at a rate set by pH control.

The flocculant dosed into the system is made up in
batches of 2 days supply. The tank is provided with
an agitator which operates only when the batch is being

mixed.




ENGINEERING DESIGN CRITERIA

The treatment plant is to be designed to treat

lO,OOOm3 per day of raw pit water.

the pH of the raw water is to be considered as
being 2.0 and contains contaminants as described

in Table 5 page 23.

The plant water feed pump capacity shall be 116
1/s at 1l0m head. All wetted parts including the
shaft shall be stainless steel 316. The feed water

is pumped some 250m to the plant.
The feed water line size is 200mm diameter.

The residence time in the neutralizing tanks is
2 minutes and are to be continuously agitated with

mechanical mixers.

Discharge from neutralizing tank No.l to No.2 is

by overflow launder.

The clarifier feed pump capacity shall be 140 1/s at
10m head. The pump shall be of cast iron construction.
The liquid is 3.5% pulp density by weight, the solids

being flocs and are pumped through a 200mm diameter line.




7.8 The clarifier is 30m diameter x 5.5m high. The
clarifier is used to provide surge capacity during
cake removal from the filter presses and has a
recirculating load of 108.1 m3/hour of water.
Approximately 10% of the total solids removed from
the raw water are precipitated in the clarifier.
Discharge from the clarifier to the clear water tank

is by overflow launder.

The clarifier is sized on settling data generated

by the testwork.

7.9 The clear water tank has a nominal 5 minutes residence.

time and is mounted on a concrete pad containing a sump.

7.10 The treated water discharge pump is sized to supply
120 1/s at 100m head and requires a 150 kW drive. Each df
the 4 bores is supplied at a rate'éf 30 1/s with an available
working pressure of 50m. The bores are to be located
approximately 500m from the plant with the holeé being
drilled along a straight line and 500m apart. The

main line size is 250mm diameter.

7.11 Due to the nature of the solids and the low pulp density
at which they are to be pumped, the clarifier underflow
suction line can be ruﬁ along the bottom of the clarifier

tank and out through the side wall,



7.12 The clarifier underflow pump capacity shall be 38 1l/s
at 85m head and shall be a positive displacement type

pump. The line size to the presses is 100mm diameter.

7.13-20-25% of the clarifier underflow is pumped to
‘neutralizing tank No.2 to aét as neucliation agent.

The line size is 50nmi diameter.

7.14 The plate and frame filter presses are required to
haﬁdle 109.5m3/hour of water, and 1.4 tph. of dry
solids. Preliminary design requires the press to
conform to the following:

cake thickness 25mm

cake pulp density 50%

frame size 1220mm x 1220mm
number of chambers 75

number of presses 2

the presses operate on a nominal 6 cake drops per day

total volume of cake per day 65m3

7.15 The pressure filter cake discharge hoppers shall have
minimum wall angles of 60°. Cake breaking chains are

to be hung across the hopper throat.

7.16 The cake stacking conveyor is to be a nominal 900mm
wide and is to convey the cake clear of the immediate

plant area.




7.17 The plant building dimensions are 1l0m wide x 20m long
X 8m high. The presses are mounted on a mezanine floor
5m wide x 20m long and 3.5m above ground floor level.

A control room is also required on this level.

7.18 Bulk quick lime is supplied to the site in 22 tonnes
~capacity containers, the dimensions of which afe 2.44m

wide x 6.1m long and 1.45m high. The containers are

to be emptied by use of a lifting frame for discharge

through avtailgate.

7.19 The lime dump hopper is to have a capacity of 30 tonnes.
The lime is tipped into it and immediately transferred
pneumatically to the lime storage bin. A bin activator

2.4m diameter is fitted to the conical bottom of the bin.

7.20 A dust extraction system is to be provided for the
dump hopper. Provision is made for a bag house with
the lime dust returned to the dump hopper by a screw

feeder.

7.21 The lime storage bin is to have a capacity of
approximately 100 tonne i.e. 2.5 to 3.0 days supply.
A bin activator 2.4m diameter is fitted.to the conical

bottom of the bin.

7.22 The bulk density of the quick lime is taken to be 1041 kg/m3

and contains 88% available lime (Ca0l}.



7.23 The lime slaker shall have a nominal capacity of 40
tonne per day. The slaked lime slurry is approximately
129 pulp density by weight. Plant feed water is used in

the slaking process and supplied via a 50mm diameter line.

7.24 A grit conveyor of 450mm nominal width is provided
for removal of grit from the immediate plant area.

The nominal capacity is 0.14 tonne per hour.

7.25 The slaked lime is diluted to 5% pulp density in the

lime slurry tank.

7.26 Lime is dosed into the system at the rate of 1.42

tonnes per hour through a 50mm diameter line.

7.27 Flocculant is dosed into the system at 1.5 mg/l of

water supplied to the clarifier.
©7.28 The air requirement for the plant is 30 1/s at 690 kPa.

7.29 The above information is to be used in conjunction

with the following drawings:

Preliminary Schematic Flow Sheet

Drawing No. RJR-00/F-001

Piping & Instrumentation Diagram

Drawing No. RJR-00/P-001

Pams  LaYouwT
DRAWINE M. RTR- 00 |G ~001




8.0 CONTROL AND PROTECTION OF EQUIPMENT

8.1 General

g8.1.1 All drives will have local start/stop stations,
auto-off-manual selector switches in the control
rooms, overload protection and isolators ih tﬁe
motor control centre (M.C.C.). |
Any drive will start by:
Local Start with selector switch in manuél
position.
Group Start with selector sWitch in auto position

Local audible alarm and delay before group start

8.1.2 Any drive will be stop?ed by:
Local stop,
Group stop
Overload tripped due to high amps
Seleétor'switch in off position

"Isolator in off position

8.2 Lime Storage Bin 31

Condition monitoring:
Low/low and high level for indication in the control
room and for control as per paragraph 8.3. Low and

medium levei for indication in the control room.




8.4

8.5

Bulk Lime Transfer

Low/Low level in the lime storage bin 31 will raise
an alarm. The lime dump hopper 22 will then be
filled with bulk lime and lime transfer will be
initiated by pushbutton, starting the following
drives:

Lime storage bin insertable dust collector 30

vBag house blower 26

Bag house rotary valves 28 and 29

Bag house screw conveyor 27

Lime transfer blower 24

Lime dump hopper bin actuator 23

When level in lime storage bin 31 reaches high level,
lime transfer blower and limé dﬁmp hopper bin activator
will stop and after a time delay, the dust collection

system will stop.

Lime Storage Bin Screw Feeder 44

Manual local speed control.

Lime Slaker 33

Mechanical adjustment of water addition via torque
monitoring arrangement. Measurement of water flow

recording and for control as per paragraph 8.6.




8.8

Lime Slurry Tank 37

High levél.will stop lime storage bin - bin actuator 32
and lime storage bin screw feeder 44. |

Low level will raise an alarm and stop the plant

feed water pump 01.

Condition monitoring and control.

The flow of the water addition will be proportional to
the water flow into the slaker, and will be controlled

by a ratio controller.

Plant Feedwater Pump 01

Start by: paragraph 8.1.1
Stop by : paragraph 8.1.2, low level in lime slurry tank
37, failure of clarifier feed pump 06 or failure of

treated water discharge pump 18.

Measurement of flow in feedwater line for recording and

- for control of flocculant addition into neutralizing

tank No.2 via flocculant metering pump 42.

Neutralizing Tank No.2

Monitoring and Cohtrol.

pH level will be displayed and recorded in the control
room. A pH controller will determine the amount of
lime addition to neutralizing tank No.l via the lime

metering pump 39.




8.9

8.10

8.12

Clarifier Feed Pump 06

Start by: péragraph 8.1.1

Stop by : paragraph 8.1.2, failure of plant feedwater
pump 01 or failure of treated water discharge pump 18.
Loss of flow in clarifier feed line will raise an alarm

in the control room.

Flocculant Tank 40

Low level will raise an alarm.-
Flocculant metering via metering pump, volume controlled
by manual adjustment following measurement of underflow

pump density.

Clarifier Underflow Pump 09

Start by: 8.1.1
Stop by : 8.1.2
Loss of flow in clarifier underflow line will raise an

alarm.

The density and pressure in this line will be displayed
in the control room. High pressure will raise an alarm
to prompt the operator to clean one of the filtrate

presses.

Filtrate Pump 14

Start by: 8.1.1

Stop by : 8.1.2, failure of clarifier underflow pump



8.15

8.16

Clear Water Tank 17

Condition monitoring:
pH monitoring for indication and recording in Control

Room.

Treated Water Discharge Pump 18

Start by: 8.1.1
Stop by : 8.1.2, failure of plant feedwater pump.
Loss of flow in treated water discharge line will

raise an alarm.

Borefield

Condition monitoring:

Each bore will have local flow and pressure indication.

Sump Pumps

Start by high level in sump or local start.

Stop by low level in sump or local stop.



EQUIPMENT LIST

9.0
ITEM QTY
PUMPS
01 1
06 1
20 1
42 1
36 1
39 1
09 1
14 1
18 1
19 1

DESCRIPTION

Plant feedwater pump

Allis Chalmers PWO 8 x 6 x 17 special
purpose pump with stainless steel
wetted parts and shaft.

Duty 116 1/s @ 10m.

Clarifier feed pump

Kelly & Lewis 8MFV pump of cast iron
construction.

Duty 140 @ 10m.

Sump No. 2 pump .
Kelly & Lewis 3 - 4 vertical sump pump.
Duty 30 1l/s @ 15m.

Flocculent dosing pump.

Prominent model B04017 stainless steel
dosing pump.

Duty 12.5 1/h.

Lime slurry pump (primary)
Warman 3/2 BSC slurry pump.

DPuty-

Mono pump metering pump
Duty 9.1 1/s @ 4m.

Pretreator/clarifier underflow pump
Mono CLR 211 425 RPM.
Duty 38 1/s @ 85m.

Filtrate pump
Kelly & Lewis 5 - 9 model 70.
Duty 30 1/s @ 5m.

Treated water discharge pump

‘Indeng VRE 6/8 pump.

Duty 120 1/s @ 100m.

Sump No.l pump _
Kelly & Lewis 3 - 4 vertical sump pump
Duty 30 1/s @ 15m.

30

15

0.25

150

TOTAL
COST

17,000

3,850

4,050

1,500

3,000

3,500

18,100

1,600

26,000

4,050




ITEM

QTY

DESCRIPTION

'MAJOR ITEMS OF EQUIPMENT

Baghouse for lime dust control. . :
Comprising 2 x DLM - 4 - 4 - 15 pyramid

hoppers each with motorized rotary valves

duct work associated with baghouse.

Lime transfer blower (dump hopper to

Wallace & Tiernan lime slaking system

Dorr Oliver pretreater/clarifier 30m @

Shriver plate and frame filter presses
semi-automatic operation size M48-75.
Capacity approx 40 TPD dry solids.

Bin activator 2.4m ¢ - for lime dump

Baghouse blower. Chicago Size 30
SISW industrial fan complete with

Baghouse transfer screw conveyor

Dalamatic DLMV9/15W insertable filter
- for lime storage silo required air

Bin activator 2.4m @ - for lime storage

Grit removal conveyor 450mm inside X

VILBT-10 chemineer mixer - for 5% lime

25 1
28
29
24 -1
storage silo) Capcity 30 TPH.
33 1
Capacity 40 TPD.
08 1
supply comprises mechanism and
recirculation pump.
10 2
11
44 1 Lime transfer screw 150 @
MISCELLANEOUS ITEMS OF EQUIPMENT
23 1
hopper.
26 1
motor and dr%ve.
Duty 28800 m~/hr @ 200mm
27 1
150 4 x 6ém long.
30 1
supply 3.9m”/hr @ 45 kPa.
32 1
silo.
35 -1
15m long.
38 1
slurry holding tank.
03 2 2HTD-55 chemineer mixers - for
05 neutralizing tanks.
41 1

VLBT-10 chemineer mixer - for dosing
tank. :

kW

22

0.37

1.5

0.75

0.75

TOTAL
COST

31,450

6,000

25,000 -
65,000

120,000

300,000

6,000

12,000

4,000

10,000

2,000

12,000
12,000

3,100
11,450

3,100




ITEM

15

21

DESCRIPTION : kW

Filter cake stacking conveyor 900mm 5.5
inside x 30m long.

Capacity 6 tonne/cake drop @ 2 drops
every 4 hours.

Atlas copco automan Al2 compressor i5
30 1/s @ 690 kPa.

TOTAL kW 365

TOTAL
COST

25,000

5,475

$736,225




ITEM QTY DESCRIPTION

STEELWORK - HOPPER, TANKS, BINS AND CHUTES

22 1 Lime dump hopper. 4m ¢ x 4.5m high
conical bottom ex 6mm plate.
Capacity: approx 30 tonnes.

31 1  Lime storage silo 4m @ x 10m high
conical bottom ex 6mm plate.
Capacity: approx. 100 tonnes.

34 - 1 Lime slurry pump hopper, 1.2M
x 1.5m high conical bottom ex
émm plate.

Capacity: approx. O.75m3.

37 1 5% lime slurry tank 2m ¢ x 2m
high flat bottom ex 6mm3plate.
Capacity: approx. 6.25m™.

02 2 Neutralizing tanks 2.5m ¢ x 3.5m
04 - high flat bottom ex 6m? plate.
Capacity: approx.14.7m”.

07 1 Pretreator/clarifier tank.
30m @ x 5m high flat bottom ex
6mm plate complete with launder.

16 1 Pressure filter filtrate hopper
1.8m ¥ x 2m high conical bottom
ex 6mm plate. 3
Capacity: approx. 2m

12 2 Pressure filter cake discharge

13 hopper. Opening size 1.53m
inside X 6.0m long, outlet size
0.9m inside x 6.0m long ex 6mm
plate.

17 1 Clear water tank. 4m £ x 3m high
flat bottom ex 6mm plate.
Capacity: approx. 38m3.

40 1 Flocculent tank 1m & x 1.3m high.
flat bottom ex 6mm plate.
Capacity: approx 1lm™.




10.

CAPITAL COST ESTIMATE

The estimated capital costs for the water treatment

plant are as follows:

Site Preparation

Clear level and compaét the site $ 10,000

Earthworks

Ssummary of gquantities:

preparation of pads | 950m $ 8,603

preparation of ramps l400m3 $ 12,600

blasting lSm3 S 2,250

bituminising "around 34lm2 S 2,728

clarifier
Total | '$ 26,181

Cohcrete
(borefield excluded)
these quantities were taken from
preliminary layoutvdrawings.

total quantity ll7m3 $ 46,618

All up rate including formwork, underlay,
reinforcing steel, mesh and finishing

average $415.50/m3.




Mechanical Equipment

This includes the supply of mechanical and process
equipment as itemised on the equipment list except
. $26,000 for the bore pump and motor. (see Section 9

for itemised costing). All costs are ex works.

Mechanical steelwork is not includéd in this Cost.

Mechanical Equipment $ 710,225
Steelwork

All costs include erection:
Building steel 29.4 tonne $ 76,930
Lime dump hopper, storage
bin and container tipper 25 tonne $ 75,814
. Tanks and hoppers ‘ 8.4 tonne $ 31,323
.Pretreator/clarifier 67.3 tonne $ 125,780
Chutes and miscellaneous

mechanical steelwork 6.25 tonne $ 25,705

Total ' $ 335,552

Cladding 600m® (placed) | s 7,800

‘Mechanical Installation

Includes placement and full_assembly of

all mechanical equipment and steelwork $ 51,000



Transport - Mechanical Equipment

allowance for 90 tonne

Piping
(Borefield piping excluded)

Labour $ 20,400
Materials $ 16,500
Transport 85 tonne $ 3,740
Plant $ 2,200
Excavation S 2,640 -
Fill. $ 210
Cdncrete S 1,310

Total

Electrical & Instrumentation

(Borefield electrics excluded)

All electrical works, including supply and
installation of 750 kVa station transformer,
motqr control centre, control panel, main
marshalling cubicle, PLC controller, lighting;

earthing and instrumentation;

Borefield Delivery Pipeline

Piping | $ 167,000

Pump and Motor $ 26,000

Concrete $ 2,000

Electrics S 6,000
Total

$ - 21,000
$ 47,000
$ 199,000

$ 201,000




Total Direct Cost

10% Contingency

Detailed Design & Procurement

TOTAL PROJECT COSTS

say

n

1,655,376

$ 165,538

1,820,914

Uy

$ 190,000

Uy

2,010,914

$ 2,011,000




- TREATMENT PLANT OPERATING COSTS

Item : Cost Per Week
_Spare parts $ 600
Maintenance (15hr/wk x $30/hr) 4 4590

‘Power Supply

365 kw total power

320 kw continuous demand

rate 10 cents per kw hour $ 4,608
Machinery allowance (hire) S 100
Labour ' S 6,338

This figure is arrived at on the

basis of continually requiring 2

operators around the clock 6 days

per week i.e. an all up cost of

$22/hr at single time.

Flocculant

Consumption 30 kg/day at $3.10/kg

flocculant cost | ' S 558
Treatment cost per week

(excluding lime) | $12,654
Total cost for 81 week treatment

period. | $1,025,000

Lime Consumption

Total 12495 tonne at $200/tonne

over a total of 81 weeks

Average cost per week $30,852
Total cost for 81 week treatment

period $2,499,000
Hence

Total all up operating cost for

b1l 01 ARl rnari A $3.524.000



12.0

12.1

12.2

OPERATIONAL SERVICES REQUTIRED

The serviées listed below are required for operating
of the plant but no costs have been allocated for

them in the Treatment Plant estimates.
The Treatment Plant has been costed on the basis that
the services needed have been provided for in the

earhtowrks programme.

Labour

A total of six men will be needed to operate in shifts.

It is envisaged that they will come from Darwin having
their own accommodation or they could be relocated at

Rum Jungle.
Power

Eleétricity Commission power is available at Bachelor |
and a line could be run out to the site, a distance

of some 6 km, to supply the water treatment plant
requirements. Preliminary indications from the
Electricity Commission are that the cost would be in the
order of $118,000 and the line would take approximately

6 months to complete.

In addition the tarrif rate evoked for commercial
consumption would be approximately 16¢/kW hour which

is higher than local diesel generated power.
®




12.3

12.5

Accommodation and Messing

Accommodation and messing will be availakle at Rum Jungle

should the need arise.

Site Facilities

The following facilities are required on site and

will be provided as previously mentioned:

- gite office
Ablution block

Fresh water supply

Backfilling Operations

As part of routine plant operations a front end

loader and operator will be required to reﬁove the

grit and filter cake from the stockpile, for back-
filling to the borrow pits. The vclume to be shifted
is approximatély 86m3 per day. Depending upon'the size
of machine available this operation is estimated to

occupy 3 hours per day.

In general it has been assumed that any mobile equipment
required would be obtained undcr the earthworks

programme.




13.0

IMPLEMENTATION OF STUDY

It is estimated that a 15 month period would be
required to implement the results of the Study.
This covers tasks commencing from the design stage
through to commissioning. For a breakdown of the
tasks involved and their scheduling refer to the

Proposed Implementation Programme follow1ng.
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14.0 DISPOSAL OF TREATED WATER

14.1 Underground Disposal

It is proposed to dispose of the treated plant water
by pumping it via a borefield into the underground

agquifer system.

The area chosen for location of the bores is in a
region of transmissive dolomite approkimately 500m

south/west of Whites open cut.

There will be four production bores in on line service,
each having a capacity of 30 litre/sec. One standby
bore will be provided to enable rotation of production

bores for periodic backflushing.

The injection of the treated water into the underground

system has benefits for the following reasons:

14.1.1 There is evidence of gfoundWater moving through
Whites open cut and of caveneous dolomites
adjacent and under the pits. Mining records
have recorded water flows at various times and sink
holes have been reported. The geology of the area

indicates Coomalie Dolomite in the area.




14.1.2

14.1.3

14.1.4

14.1.5

If groundwater has been moving through the pit:

it is reasbnable to assume that the groundwater
plume around Whites open cut is alreédy contaminated
with Sulphates and possibly other heavy metals.
Without any groundwater records available this

is only an assumption.

Injection of treatment water into the ground water
syStem would increase the Calcium level by |
approximately 1000mg/litre. The Sulphates in

the groundwater plume around the pit would be

in the same. order as the treated water and no
additional heavy metal contamination would occur,

since they will have already been removed.

Calcium and Sulphates should precipitate as
Gypsum (CaSO4) in the underground rock formations
and not produce any detrimental contaminationvof

the groundwater during the 18 months of Qperation.

The location for water injection has been
selected at a junction of two aquifers in an
attempt to achieve wide dispension of the

treated water.



14.2

Alternative Disposal

An alternative to the above 1is to dilute the plant
water with potentially‘clean bore water to be obtained
from an aquifer approximately 2km north of Whiteé.

open cut. The increased cost;of pipewofk to this
location and the availabie flow from the source are
unknown at this stage. However, thé Northern Territofy
Water Division advise that a significant volume shoﬁld
be available which will permit a dilution factor far
greater than 10:1 which exceeds the interim water .

quality standards.

Dilution would occur by mixing the two prior to

disposal into the East Finniss River system.

The use of groundwater during the dry season eliminates
the need for expensive holding ponds if treatment of

the pit was to continue all year round.

'Even when diluting the water and pumping it into the

river the possibility still exists that some
precipitation may occur which is less acceptable

from asthetic terms.

During 8 months of each year the level of calcium
and sulphates is considered to be too‘high for direct

release into the Yriver system.



During the wet season all water will be diluted with

surface run off and be released into the river system.

The summary produced by the Working Group in April 1978
' 6

indicates that 39 x 10 m3 of watef is available from

the East Finniss and Finniss River.

.The'Hydrological Sectidn of the Northern Territory
Water Divison advise that 25 x lO6 m3 of water/wet
season is more applicable.

Using the value of 25 x 10° m> a 10:1 dilution can
be achieved with the permissable levels in the Rum
Jungle Intrim Water Quality Standards, refer Volume
1 Engineering Report May 1982, indicating that the
intrim‘release standard is a 3:1 dilution with only

a 5:1 dilution required to achieve final rehabilitation

standards.

To mbnitor the water flow available for dilution gaugihg
stations have been set up around the site. Readings
provided by the stétions would enable calculation of

the permissable volume of water for release to dilution.
The balance of water mot discharged into the river system,
or in the case of a totally dry wet season, the total
volume of treated water, would be pumped’to the borefield

for injection into the ground.




Since the potential flow rates of the underground
aquifers are not known and there is a need for
low sulphate and calcium levels in the river water
to avoid visual pollution from precipitation of
salts,the injection of water close to Whites open

cut is the favoured option at this stage.




15.0

15.1

~WATER MANAGEMENT

As the object of the water treatment plant is to-

produce water suitable for discharge to the environment}
the following notes provide a description of how this
would be achieved in the course of other complementary

operations during the Rum Jungle clean up.

Recycling of Treated Water

At some time in the treatment programme other operations
may dictate re-circulation of treated water-back to

the originating open cut. Whilst this may seem |
contradictory with previous comments regarding the

in situ treatment of polluted water, this paradox

is explained as follows:

(a) . The dilution effect for the time of operation is
small e.qg. | |
30 days operation @ 10,000 m3/day
Effect on Whites open cut = 1.5% dilution
this is far less than the range of compositioné
expected to be handled in the water treatment

plant from various

(b) In operating in this manner, the heavy metals
are being removed from the pit, and not being
precipitated at the bottom of the pit causing

potential dirty overflows.




15.2

(c) Lime is being used in the most effective
manner.
(d) Stratification and re—circulation'problems

can be avoided by careful siting of inlet

and treated water discharge points in the pit.

It should be kept in mind that in situ treatment was

rejected on the basis of:

problems of lime mixing (not to be confused with

mere de-stratification).

problems associated with mobilisation of precipiated

hydroxides.
potential for excess lime consumption.

and not the fact that the heavy metal content of the

water would be reduced with time.

In Situ Water Treatment

During the laboratory testwork and detailed.
investigations of the controlled water treatment
plant the main concern was the potential risk of
the treatment plant failing to achieve the desired

results within the next frame of the works.




A substantial part of the overall rehabilitation
strategy is the use of Whites open cut as a dump

for various overburden heaps.

The reliability of the water treatment plant becomes

a big factor in the overall projects success.

~

During investigations no evidence of successful
large scale water treatment using in situ lime
dispersion was found; Where destratification was
used, it had been generally used for removal of
algae blooms for domestic water quality improvements,

not for heavy metal precipitation.

Some preliminary design was carried out on the concept
put forward by the Department of Housing and Construction

when reviewing strategy estimates.

The compressed air needed for infusion at 100 metres
below the surface indicated compressor blowers in the
order of 400 kW each, to achieve destratification. This
is significantly less agitation than that required to
effectively disperse lime. Adéquate mixing required
huge amounts of power.

The rubber curtain concept would be very difficult to
apply, as it is required to maintain the curtain in a
stable vertical position due to unequal pressure being
applied on each side of the curtain under dynamic flow
conditions. 1In addition, it would suffer from re—mobiliéing

of the settled flocs when backfilling commenced.




The contact of water to lime is one of the prime
reasons for apprehension regarding the in situ
system. The effective use of the lime demands
adequate mixing and the general pit mixing method
would not seem anywhere near the requirements found

necessary in the laboratory work carried out.

Tests were carried out on the heavy metal sludge

removed from the water samples.

It was found that very slight liquor turbity and
temperature change were sufficient to break up

the sludge and redistribute it through the liquor.

Tt is intended to backfill Whites during the same

period of water treatment.

The water disturbance and associated currents would
create a far worse effect and it may be concluded
that the discharge water would still contain the

heavy metals as suspended hydroxide precipitates.

The cost of lime is significant and it is imperative
to achieve maximum chemical efficiency from its
addition. The controlled treatment plant permits
better use of lime and recirculation of the thickener

underflow until the reaction has been completed.



For the reasons above the in situ plant is not
recommended and any detailed study of an in situ

plant would not be productive.

It is recommended that the East Finniss River be
reconnected to Whites open cut for annual flushing
‘and the connection between Whites and IhtermediateA

remain as a permanent connection,

The remaining total volume of Whites and Intermediate
will be 3.35 x 108 m>. The annual water inflow of
25 x lO6 m3 will provide a significant flushing

action. The incoming water should be introduced at a

low level to aid destratification of the pits.
The reasons for the above recommendations are:

Sources of the acid are not really known e.qg.

from the walls or overburden.

We are aware that the action of the abovementioned
sources may reduce the pH but it will be a slow
process and annual flushing should keep the pH at

a neutral level.




The analysis of pit water at various depths as
carried out by the Northern Territory Water
Division East Point Laboratory indicates that

the level of radioeuclide contamination is well
below that specified in the Rum Jungle Water
Quality Standard refer Standards Engineering
Report Volum 1 1982. Therefore, the tailings

in the bottom of the pit will not effect the long
term water quality sﬁandard during the wet season

flushing.
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Technical reference to the Water Treatment Study:
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TABLE 8

THEAOPEN CUTS: VOLUME, WEIGHT OF ROCK EXCAVATED

AND PRESENT UNFILLED VOLUME

Original Weight of rock

Present Un-
Volume Extracted filled Volume
Million million million cubic
cubic tonnes metres
meters
White's open cuty 3.5 k 8.5 2.5
Dyson's open cut 0.92 2.5 0.7
Intermediate oOpen
cut 0.97 2.5 0.95
NOTES:
i. Rock extracted includes ore and overburden.
2. Dyson's open cuty was filled with tailings to

the lowest point of the perimeter.

3. Volume estimates are accurate to t 20%
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CHAPTER 9

URANIUM

Collated by M. L. FitzGeraLD! and F. R. HARTLEY?

INTRODUCTION?

The search for uranium in Australia was begun in 1944
when, at the request of the United Kingdom Govemn-
ment, the Commonwealth and South Australian Govern-
ments examined Radium Hill and Mount Painter which
had both been discovered before World War 1. By 1950
a treatment method had been developed for Radium Hill
ore and sufficient ore reserves proved to justify the instal-
Jation of a treatment plant.

In 1948 tax free rewards were introduced by the
Commonwealth Government for discoveries of uranium
ore. This was followned in 1949 by the establishment of a
uranium buying pool and in 1952 by the exemption from
income tax of profits derived from the mining and treat-
ment of uranium ores, One result of these encourage-
ments to prospecting was the discovery of the first Rum
Jungle orebody in the Northern Territory in 1949.

Contracts for the supply of uranium from both Radium
Hill and Rum Jungle were entered into with the Com-
bined Development Agency in 1952 and production from
both properties commenced in 1954.

Prospecting in Australia continued and as a result of
clarification of the conditions under which private pros-
pectors and mining companies could participate in the
search for, and exploration of, uranium deposits, a
widespread uranium prospecting boom commenced in
1954, This boom resulted in the discovery and exploita-
tion of Mary Kathleen near Mt. Isa in Queensland, and
United Uranium and South Alligator Uranium in the
South Alligator River area of the Northern Territory.

! General Manager. Rio Tinto Brick Pty. Limited.

v Officer in Charge. Industnal Chemustry, The Australian Mineral
Development Laboratories.

Thus in 1960 there were the following five producers.

1. Territory Enterprises Pty. Ltd., at Rum Jungle, N.T.

2. Mary Kathleen Uranium Ltd., at Mary Kathleen,
Qid.

3. The Radium Hill Project at Radium Hill, S.A., with
its associated concentrate treatment plant at Port
Pirie, S.A.

4. United Uranium N.L. at Moline, N.T.

5. South Alligator Uranium N.L. at El Sherana, N.T.

The location of these producers is shown on the general -

" map in Chapter 2.

In the late 1950s the demand for uranium suffered 2
severe setback and no further contracts were signed. As
each company reached the end of its contract, operations
ceased, and at the end of 1964 Rum Jungle was the sole
surviving producer. The main features of each operation
are shown in Table 1.

With the exception of the Rum Jungle ion exchange
process, the development of suitable treatment processes
for all these operations was carried out by the South
Australian Mines Department, which becimeé The Aus-
tralian Mineral Development Laboratories in 1960.

RUM JUNGLE?
Introduction

Rum Jungle is 40 air miles south of Darwin to which
it is connected by both a railway and a sealed road.

Although there are reports of prospecting activity in
the area extending over almost a century it was not until

* By M. L. Fuzgerald, General Manager. Rio Tinto Brick Pry. Ltd’
¢ By T. Barlow, Manager, Territory Enterprises Pty. Lid.

TasLE |
Australian uranium producers

! ' :
| Radium Hill! ; United Uranium = South Alligator

1
Rum Jungle Mary Kathleen

: l Port Pirie ]
Location N.T. ’ Q’ld. : S.A. N.T. NT.
Initial development 1949 1954 i 1944 ' 1954 . 1954
Production commenced 1954 i 1958 1954 1959 1959
Operations ceased — ! 1963 1962 1964 1962
Tons ore treated’ 609,600 2,900,000 n.a. 121,300 14,500
Production (b U,04)* 3,814,300 : 9,000,000 1,013,500 308,000

'l n.a. .

! To the end of 1963,

211

n.a. Not available.
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F1G. 1.—~General location and geology of Rum Jungle area.

1949 that detailed investigations were commenced. In
that year a local prospector reported the resemblance
between minerals at the site of what was later to become
White's mine and uranium minerals illustrated in a
Bureau of Mineral Resources (B.M.R.) publication.

- Geological investigations were immediately initiated by
the B.M.R., acting on behalf of the Commonwealth
Department of Supply. By 1952 sufficient reserves had
been proved for the finalization of an agreement with the
Combined Development Agency (&n organization estab-
lished by the British and United States Governments to
finance both the development of uranium deposits and
the purchase of uranium oxide) for the provision of
funds for the early development of the project. Subse-
quently, in addition to White's, orecbodies at Dyson’s
and Rum Jungle Creek South were developed.

In January 1953, Consolidated Zinc Pty. Ltd. took over
the organization of the project at the Commonwealth’s
request and formed a subsidiary company, Territory
Enterprises Pty. Ltd., to manage all operations at Rum
Jungle,

Geology

Sedimentary rocks in the area consist of a group of
shelf type deposits of grits, quartzites, conglomerates,
and dolomites which are overlain by a group of trough
type deposits of slates. The sediments arc of Lower
Proterozoic Age. Two granite masses have intruded the
sediments and occupy the cores of adjacent domes (Fig. 1).

The major stroctural feature in the area is Giant's

Reef fault which cuts through the Rum Jungle granite

end surrounding sediments, the lateral displacement
being approximately 3§ miles. Relief of stress was aided
by intense shearing of the slates and by the development
of smaller faults and shear zones. i

The mineralization occurs in-these highly sheared and
faulted slates. The primary uranium mineral is uraninite
and at White's and Dyson’s open cut, where the ore-
bodies outcropped, the uraninite has been altered to
torbernite, saleeite, autunite, sklodowskite, and uranium
ochres, above the base of oxidation. )

At Rum Jungle Creck South (R.J.C.S.), where the top
of the orebody lay 100 f1 below the surface, uraninite
was the only mineral. At White's mine the uranium-
copper orebody was overlain stratigraphically by a
copper orebody which in turn was overlain by lead-
cobalt-nickel mineralization. Treatment of this ore is
discussed in the chapter on copper. All of the orcbodies
contain pyrite in varying amounts and some of the min- |
eralized slates are graphitic.

Mining

Three orebodies, namely White's, Dyson's, and
R.J.C.S. have been mined, all by open cut methods.
Exploratory development revealed the host and adjacent
rock types to be extremely incompetent and the min-
eralization irregular. The exploratory openings indicated
beyond doubt that the support of large area openings in
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an underground mine would have been very costly and

difficult, and that ore dilution would have been signifi-

cant. The dilution problem was of considerable import-

ance since Rum Jungle ores and waste rock are very
. high acid consumers.

The physical characteristics of the rock types were such
that batters, which would keep the overburden to ore
ratios within acceptable limits, could only be expected
to remain stable if the cut lives were not prolonged. In
effect, this meant extracting ore at a rate far in excess of
treatment requirements.

White's and Dyson's

White's and Dyson's orebodies were mined under con-
tract as conventional shovel and rear dump truck
operations, the Dyson's excavation being undertaken
concurrently with the latter part of White's.

The contractor’s equipment was comprised of

1. two diesel powered Manitowoc 4500 excavators with
54 cu. yd. buckets,

. two diese]l powered 33RB Ruston Bucyrus excava-
tors with 1} cu. yd. buckets,

. twelve 31TD Euclid rear dump trucks,

three Leyland Hippo rear dump trucks,

two Caterpillar D8 bulldozers,

. one Caterpillar No. 12 motor grader,

. one Quarrymaster drilling unit,

. one Drillmaster drilling unit (replacement for 7
above), and

9. one Halco-Stenwick wagon drill.

to

LRS- RV W

The Manitowoc shovels were employed on overburden
removal on a'nominal 25 ft face height. Drilling patterns
varied with the rock types and ranged from 20 ft by
15 ft in the slates to 10 ft by 10 ft in the foot wall lime-
stone. The 6 in. Quarrymaster and Drillmaster holes
were charged with § in. Quarrigel explosive which was
detonated with Cordiex. Blasting ratios varied {rom 6
cu. yd. Ib in the softer slates to 1 cu. yd./lb in the lime-
stone.

The average rock density was 2 ton/cu. yd.

For ore extraction a face height of 7-10 ft was em-
ployed. This, combined with the small bucket size of the
33RB Ruston Bucyrus shovels and close and continuous
monstoring of the ore faces with portable ratemeters gave
satislactory selectivity. Borehole probing of the 4 in.
Halco Stenwick shot holes ahead of the face was of some
assistance in delineating ore contours but usually the
spacing of the drilling pattern was too broad for close
control.

Rum Jungle is situated within the monsoonal belt and
has an average rainfall of 60 in. year confined to the
period November-March. The shales and slates of the ore-
bodies when wet became very slushy under heavy earth-
moving and transport equipment. and ore extraction
during this period resulted in substantial ore losses.
Consequently mining during the wet season was confined
to overburden removal, operations having previously
been scheduled to ‘leave sufficient overburden above a
substantial sump to satisfy excavation requirements
during this season.

Mining of the White's and Dyson’s orebodies involved
the excavation of 4,620,000 cu. yd. at an overburden : ore
ratio of 28 : 1, and 1,200,000 cu. yd. at an overburden :
ore ratio of 15 :1 respectively. An individual batter
slope of 50 ft in 20 ft relieved with 15 ft berms at 50 ft
intervals was employed in both cases. With a 40 ft spiral
road approach on a gradient ranging from 1 in 20 to
1in 15 this gave an overall batter angle of 40° in White's
open cut which was 365 ft deep and a ‘correspondingly
steeper slope in Dyson's which was 150 ft deep. A total
of 750 million gal of water was pumped from White's
during its 4 year life,

The ore reserve estimates for White's indicated a
reserve tonnage of 264,000 tons of uranium ore averaging
7-7 1b UsOs/ton and 3-8 per cent copper. Actual extrac-
tion from the orebody totalled 261,000 tons assaying
7-39 Ib UsOs/ton and 3-4 per cent copper. In addition,
40,000 ton of ore were recovered from -outside the
orebody proper giving a total production of 301,000 tons
assaying 7-24 1b UsOg/ton and 3-0 per cent copper.

An additional 290,000 tons of copper ore assaying
2-8 per cent copper were won from the excavation. At
Dyson's, ore production totalled 175,000 tons of uranium
ore assaying 7- 66 1b U3sOsg/ton compared with the reserve -
estimate of 190,000 tons averaging 6-1 Ib UsOsiton.

Rum Jungle Creek South

At R.J.CS. a shallow depth scismic investigation
indicated that the majority of the rock types were suitable
for ripping and consequentiy bulldozers with hydraulic
rippers working in conjunction with tractor-scraper com-
binations were employed for excavating overburden and
waste rock. The ore extraction techniques were similar
to those employed at White's and Dyson’s. Some blasting -
of the orebody was undertaken to facilitate loading.
Ammonium nitrate-fuel oil (AN-FO) mixture was used
as the explosive.

The R.J.C.S, contractor used

1. five Caterp:[lar Dw2l scrapers 20 cu. \d struck

capacity,

2. two Caterpillar 619 scrapers, 16°5 cu. yd. struck
capacity, :

3. two Caterpillar D9 bulldozers with hydraulic rip-
pers,

4. one Caterpillar D8 bulldozer with hydraulic rippers,

S. one Caterpillar D6 bulldozer,

6. one Caterpillar No. 12 grader,

7. one diesel powered 54R B Ruston Bucyrus excavator
with 23 cu. vd. bucket,

8. one diesel powered 38B Bucyrus Erie excavator

with 1} cu. yd. bucket, and
9. four Atlas Copco wagon' drills.

The original open cut design incorporated an overall
batter angle of 1} : I for the first 50 ft from the surface
and 1 : 1 for the remaining 190 fi of the excavation. A
spiral road approach involving a 30 fi road on a gradient
of 1 in 15 was included in the design. Whilst this overall
batter angle proved satisfactory for half of the perimeter
of the cut, the heavily leached chloritic slates comprising
the overburden to 100 ft in the southern section of the cut
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proved unstable at this slope, and some batter collapse
occurred in which classical “rotational shear” failure was
exhibited. Although the cut was only 100 ft decp at the
time of this subsidence the leached slate had very little
cohesion and a final batter slope for the first 100 ft of
the excavation of only 16° was necessary to stabilise the
batter in this section.

The R.J.C.S. excavation involved the removal of
2,940,000 cu. yd. for the recovery of 653,000 tons of
uranium ore assaving 9-6 Ib UsOs/ton. A total of 208
million ga! of water was pumped fram the RJ.CS,
excavation during its 2 year life.

Ore treatment

Fig. 2 shows the present treatment plant flowsheet and
Fig. 3 a general view of the plant. Current ore is from the
Rum Jungle Creek South open cut, in which uraninite is
the only uranium mineral.
Crushing

The ore leaches readily in the rain and all outside stock-
piles have been covered with hessian sprayed with a
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Fic. 3.—General view of the Rum Jungle treatment plant.

bitumen emulsion. A steel frame building of rated
capacity 65,000 ton is used to ensure a continuous supp!y‘
of dry ore in the wet season. :

Ore from stockpile is delivered to.a 30 ton coarse ore
bin fitted with an 11 in. grizzly. A 30 in. apron feeder

. delivers from the bin to a fixed bar grizzly of nominal

spacing 2 in., oversize passing to a 24 in. by 14 in. Ruwolt
jaw crusher. Crusher product and grizzly undersize are
conveyed to an § ft by 4 ft Jaques double-deck cascade
screen, fitted with a 1} in. top deck and { in. by # in. bot-
tom deck. Screen. oversize is crushed in a 3 ft Symons
short-head cone crusher set at ¢ in. which is in closed -
circuit with the vibrating screen. Screen undersize is
conveyed to two fine ore bins each of 500 ton capacity.
Dust collection is carried out by a size 20 type N Roto-
clone unit.

Pyrolusitc used as an oxidant during leaching is
crushed through the same plant into a 100 ton bin and is
blended with the feed to the grinding section.

Grinding

Each fine ore bin is equipped with four variable speced
18 in. belt feeders, whilst the pyrolusite bin is equipped
with one similar feeder. Crushed ore and pyrolusite are
conveyed over a Blake-Denison weightometer 1o a
5 ft by 10 ft Marcy rod mill driven by a 100 h p. electric
motor.

Ore is ground in open circuit at 70 per cent sollds to
51 per cent minus 200 mesh B.S.S. The pulp 15 diluted
to 62 per cent solids with semi-pregnant liquor at pH
1-4 from the second thickener in the liquid-solid separa-
tion circuit before pumping directly to storage pachucas.
Kroball rods of 3 in. diameter are used as the grinding
media. Mill liners are of the wave type. Milling rate is
normally 16-0 t.p.h. .

Leaching

Mitled pulp is stored in three rubber lined pachucas,
each holding up to 120 tons of ore. After further dilution
to 53 per cent solids with semi-pregnant liquor, pulp is
leached in batches of 34 tons in two smaller pachucas
by an addition of 125 Ib of 985 per cent sulphuric acid
per ton of ore. Pyrolusite addition is equivalent to 7 Ib




URANIUM 215

manganese dioxide per ton of ore. Preliminary leaching
time is 24 hr and the pulp is then transferred to a surge
pachuca’from which the leached pulp is pumped to the
first thickener in the counter—current decantation circuit.
Throughput is 200 t.p.d.
Liguid-solid separation )

Liquid-solid separation is carried out in a four-stage
counter-current decantation plant. The first thickener isa
100 ft diameter Dorr torque type AR with adjustable
rakes. The other three thickeners are 75 ft diameter Dorr
type SR. All thickeners are rubber lined and have stainless
steel cones. .

Thickener underflow densities are maintained at
approximately 50 per cent solids and slime level is held
at a minimum. Gum guar is used as a flocculant at the
rate of 0-38 Ibjton of ore treated. Acid is added to the
repulper for the second stage thickener at the rate of
50 Ib ton of ore. Pregnant liquor (approximately 1 -0 g/l
UsOs) overflowing the first thickener is pumped to the

_solvent extraction circuit at pH 1-35-1-45.

Overall recovery in the leaching and liquid-solid

separation sections is $6-97 per cent.

Solvent extraction

For many years the uranium was concentrated by ion
exchange but solvent extraction is now used. Solvent
is Alamine 336 (tricapryly! amine) and is used as a 5 per
cent solution in aviation kerosene. Modifier is a 3 per
cent addition of Nonanol.

Pregnant liquor is clarified in four pressure sand clari-
fiers operated in parallel. These columns, formerly used
for ion exchange, are rubber lined, 7 ft diameter by 12 ft
high. One column per shift is back-washed with water
at 270 gal'min.

Clarified pregnant liquor controlled at 130 gal/min

passes directly to the first extractor of the solvent
extraction section, which consists of four stages of extrac-
tion followed by four stages of stripping. An internal
type of mixer-settler unit is used for the stagewise con-
tact of solvent and aqueous phases.

The four extractors are 12 {1 diameter by 10 ft deep and
the internal mixing tank is 4 ft 6 in. diameter by 3 ft 6 in.
decp. Agitation in the mixing tank is provided by a stain-
less steel. turbine tip2 impeller. The stripping units are
5 {t diameter by 6 {1 deep and the mixer dimensions are
30 in. diameter by 30 in. deep. All extraction and strip-
ping umts are mild steel hined with epoxy resin rein-
forced with glass cloth. '

Recycle solvent is metered into No. 4 extractor and
gravitates through No. 3, No. 2, and No. 1 extractors,
yncreasing in uranium concentration as it passes counter
current to the pregnant liquor. Pregnant liquor is trans-
ferred between stages by pumping with 4,3 split-casing
Warman pumps. The aqueous phase contains 0-001 gl
U0, as it leaves No. 4 eatractor.

{oaded solvent from the extraction section is metered
into the mixer of No. 1 stripper while fresh strip solution
at 1-0 M sodium chloride flows counter current from the
fourth stripper. Air lifts are used for the interstage
transfer of the aqueous phase. The high grade strip

solution from the first stripper is pumped to the pre- -
cipitation section.

The solvent flow is varied, depending on the ®Mnijum
corntent of the pregnant liquor, to obtain a loaded solvent
value of 5-6-6-0 gil. UsOs. The solvent to strip solution
flow ratio is held constant at 5 : 1 giving a high grade
strip value of 26-30 g/l. UsOs. Recycle solvent value 1s
generally 0-2 g/l. UsOs. )

Precipitation and washing

The high grade strip from solvent extraction is precipi-
tated after heating to 85°C with live steam in two pre-
cipitation tanks 12 {t diameter by 9 ft cylindrical section
with a 60° conical bottom, Batch precipitation is employed
using a magnesia slurry at 25 per cent solids to give a
final pH of 6-8. Magnesia consumption averages
0-27 1b/1b UsOg precipitated.

After precipitation the concentrate is allowed to scttle
in the precipitation tank with the aid of a small amount
of Superfloc 16. The clear solution is decanted and used
to make up fresh strip solution. .

The scttled concentrate at 35 per cent solids is pumped
into a 4000 gal rubber lined conical bottom vesse! which
contains water heated to 85°C with live steam. The hot
water wash dissolves any unreacted magnesia and some
sulphate. After washing and’ settling, the concentrate
is pumped to a 3 ft diameter by 4 ft rotary drum filter.
Wash water is used on the filter and the filter cake is
repulped with water before passing to a 20 ft diameter
Dorr torque thickener with adjustable rakes. The con-
centrate from the thickener at approximately 35 per cent
solids is filtered on a similar filter. The chloride content
of the final concentrate is thus kept below 0-02 per cent
NaCl. The overflow from the concentrate thickener is
sent to waste after clarification to recover a small amount
of entrained uranium.

Product dryving

The cake from the second stage filter is delivered to an
extruder which consists of a roller oscillating over 2

‘punched plate extruding through # in. diameter holes

on to an endless stainless steel conveyor. The concen-
trates are dried to 2 per cent moisture with infra-red strip
heaters. Any dust in the dryer gases from other portions
of the dryer and from concentrate’ sampling is coltected
in a size 2} type N Rotoclone unit. The concentrate from
the drying belt is packed in 44 gal open top drums, with
a plastic bag liner. Concentrate is sampled by. an auger
sampler. using a template and a series of random num-
bers. The drums are scaled, weighed, and repainted
before storing.

Disposal of residue and effluent

The residue from the liquid-solid separation thickener
circuit is pumped 2800 ft to Dyson’s open cut from which
clear water is decanted. The raffinate from the solvent
extraction section is pumped through a 4 in. polythene
line to dam storage.

All other effluents such as floor washings and con-
centrate thickener overflow are discarded with the
residue.
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Warer

Moaost of the water for the plant is obtained from
White's open cut, which was allowed to fill when mining
terminated. The water 1s slightly acidic, and neutralized
water is used in the plant and at any point where cor-
rosion can occur,

MARY KATHLEEN URANIUM LTD.!

Introduction

Mary Kathleen is in the Cloncurry mineral field, about
10 miles due east of Mount Isa and 500 miles west of
Townsville, the nearest sea port. The area is sparsely
covered with vegetation, the general elevation is about
1.000 ft above sea level, and the country is rugged. The
average annual rainfall is 17 in. which falls as heavy
showers from November to mid-March. There are no
permanent water courses and the climate is generally hot
and dry with an average evaporation rate of 108 in. /year.

The discovery of the Mary Kathleen.orebody in 1954
was the result of somne threc months of intensive prospect-
ing by a syndicate of eight members led by Mr. C.
Walton and Mr. N. McConachy.

By March 1956 diamond drilling, geulogical mapping,
and metallurgical research had proceeded -to the extent
that a contract for the supply of uranium to the value of
£40 million was negotiated between the United Kingdom
Atomic Energy Authority (U.K.A.E.A.). Mary Kathleen
Uranium Ltd., and the Rio Tinto Mining Company of
Australia. The latter company wus the major share-
holder and manager of the operating company. The
necessary funds of approximately £13 million were pro-
vided by the U.K.A.E.A,, Rio Tintc, and Australian
banking houses. :

Because of the total absence of services of any kind, it
was necessary to plan and develop a township, water
supplies. power, and other services in addition to the
muning ard metallurgical facilities. These were completed
before June 1958. when production commenced. Whén
the contract with the U.K.AE.A. was completed in
November 1963, the property was closed down and placed
on a caretaker basis.

- Geology

The orebody occurs in the axial zone of a local syn-
clinal structure in the Corella Beds of Lower Proterozoic
age. The Corella Beds were originally impure cale-
silicates and have been altered locally by metamorphism
and metasomatism to garnet-diopside-apatite-scapolite
granulites.

Within the garnet skarn, garnet replaced the diopside
of the diopside granulite and in turn the gamet was 1n
part replaced by the rare earth minerals allanite and stili-
wellite, which carry the microscopic uraninite.

Allanite is by far the more common ore host mineral.
Within the areas of major allanite replacement, there is no
recognizable control and even when the underlying frac-
ture control can be recognized, it is seldom persistent.

' By P M Wreford, formerly General Manager of Operations,
Mary Kathleen Lranum Lid.

MINERAL INDUSTRY

The distribution of mineralization can be pictured as an
irregular honeycomb of connected shoots of mineraliza-
tion separated by waste blocks. The ore-shoots vary in
width from a few feet to 150 ft.

Mining
Open cut design

Fig. 4 shows the design of the open cut and Fig. 5 a
general view in 1963, Because the garnet-diopside host
rock is barren, selective mining was adopted, and for this
reason the design provided for 25 ft benches, finishing with
50 ft face heights and berm widths of 15 ft giving an
overall batier of 50-. Consequently, mining costs were
approximately double those of conventional open-cut
mining.

Selective mining

To maintain minimum dilution, selective mining was
carried out as follows.

Benck mapping. Geological mapping was carried out
as a daily routine, commencing with prior monitoring
and marking of the bench facés. The faces were scaled
down after firing, hosed with water, monitored with a
Phillips hand-held geiger counter, and with visual assist-
ance the outline of the ore shoot was traced out in chalk,
and then painted to identify waste and two types of are.

Significant fractures were measured and sketched in
longitudinal section. Together with the reference num-
bers on the prepared mapping sheet these fractures built
up the skeletal framework used when sketching the
interpretation of ore from the monitored bench face.
Horses of waste were delineated if they were large
enough to show on the mapping scale.

The intersections of the ore occurrence and the various
features with the reference elevation were then projected
to plan. .

Drilling. Vertical down holes 2} in. in diameter were
‘percussion drilled 6 ft behind the face on a spacing ©
8 ft. These holes were drilled 1o a depth of 27 ft or 35 t
using 10 ft extension dril! rods.

Survey and probing. All vertical blast holes were
surveyed and probed as a daily rouune, and cach hole
was 1dentified by a numbered plate which remained to
identify the hole until it was fired.

Probing of the down holes was carried out concurrently
with the survey. Readings 1aken at I ft intervals as the
probe was raised were manually recorded and later
divided into sigmficant intersections of ore waste or
depending on whether the value was above or below the
cut-off grade. .

Selective blasting. Normal firings were usually 1,000 to
2,000 tons, the position and nature of firings being
dependent on the state of the benches, shovel availability,
and mill requirements. A certatn group of holes was
selected to provide either an ore or a waste firing. All
down holes were fired only after the issuing of firing
instructions by the geologist which identified the bench,
section, hole numbers, and depths to which individual
holes were to be fired. Decision on waste firings was
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SYNOPSIS

Two pits, White and the Intermediate located at the abandoned

" Rum Jungle Mine site contain high sulphuric acid and metal
concentrations. Laboratory experiments were conducted to
determine the potential of a range of alkaline chemicals to
heutralize acidity and precipitate heavy metals. The effect of
the treatment on macro—ionAconcentrations is also noted.
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1. INTRODUCTION

The Northern Territory Government 1s considering the
feasibility of rehabilitating the Rum Jungle Mine.

Two pits, Whites and the Intermediate contain sulphuric acid
and high concentrations of dgssolved metals._ Their volumes
are approximately 3.5 x 10%03 and 1.5 x 106p

respectively (Reference 1).

The capacity of some common neutralizing agents for acid and
heavy metal removal was examined by laboratory experiment
during October - November, 1981, The experimental results for
the treatment of Whites pit water with sodium hydroxide, and
lime-sodium carbonate are given in Appendix "A".

The effects of sodium hydroxide, slaked lime, limestone and
sodium aluminate on water from the Intermediate pit are given
in Appendlx "B".

A detailed list of tests is given in Appendix "A" and "BY angd
~the 1ndex to these is found in the List of Tables and List of
Figures.




2.1 Whites Pit Water Quality

This is the most severely polluted of the two pits. About six
times the alkali is required to raise Whites pit water to a
given.pH as. is required to raise the Intermediate pit-water to
thé same pH. '

Of the total alkali required for elevation of the pH to 7,
only about 5-7% is consumed in neutralization of the acid, the
remainder is consumed in the formation of metal hydroxides.

The chemical analysis of water from Whites pit is shown in
Table 2.1 (1).

TABLE 2.1 (i) Chemical Analysis of Whites pit water™.

* %
P Speciflc Ca Mg Mo S0, M Fe Cu NI Co Zn AL Hg As Ra’Z®
Conduc— mg/L ' pCi/L -
tance .
ml o o-

siemens/cm

9200 400 G00 200 8200 230 430 55 14

2.5 15 6 280 0.01 0.4 2.0

* water from about 25 metres, taken as representative of the
average water quality. October 1981.

*$'Surface sample taken August 1981. Analysis by Amdel.

2.2 Neutralization of Whites Pit Water
Taking sodium hydroxide as one hundred percent efficient, the
efficiencies of the slaked lime treatment was calculated
thus:
Efficiency = 100 ¥ s
Wnere M = The number of moles of lime to
raise the pH to 7.
N = Half the number of moles of sodium
hydroxide cdonsumed to raise the pH

to 7.

Efficliencies are shown in table 2.2. (i).

Table- 2.2 (1)

REAGENT EFFICIENCY PERCENTAGE
Sodium Hydroxide (24 hour) 100

Lime (slaked) (24 hour) 90




The efficiency of sodium aluminate 1s not given,; because the

_stoichiometry of the sodium aluminate neutralization process is
not accurately known Limestone is not shown in the table

ith-eonparatide efficienc 1nde
mnganesﬂ f:oim.lt:~ n J..cke—lmaadw zgncaef ﬁfi i ekl

The llmestone ugéﬁ'éémg*from the Katherine area and assayed
ninety three percent calcium carbonate.

.3 Heavy Metal Removal. Whites Pit Water.

The percentage of metal removed relative to the raw water was
calculated after adjusting the pH to 7. Efficiencies are
given in table 2.3 (i). -

Table 2.3 (1

PERCENTAGE REMOVED

REAGENT Mn Fe Cu Ni  Co Zn

Sodium Hydroxide (24 hours) 61l 102 100 99 98 98

Calcium oxide (24 hours) 77 ; . 160° 99 98 © 99

Calcium Carbonate (100 hours) 9  Y¥00 100 36 20 .57
Sodium aluminate (24 hours) 57 100 100 97 95. 98
Manganese 1s not completely precipitated at pH 7. The
percentage removal increases from 61 to 83 when the pH 1s

raised from 7 to 8 using sodium hydroxide.

.4 The effect of neutralization on macro-ion concentrations.

Whites Pit Water

Addition of neutralizing chemicals caused variation in the
concentrations of major cations and anions and conseguently
specific conductance. Percentage changes relative to the
untreated water are given in table 2.4 (1i).




Table 2.£_L£l

PERCENTAGE*
REAGENT Speéific Sulphate Calcium Manganese Sodium
Conductance
Sodium Hydroxide +11 10 - 13 +850
Calcium Oxide 39 47 +75 22 -
Calcium Carbonate
(100 hours) : 29 51 +25. +2 +10

-

Sodium Aluminate 10 26 13 17 +700

* Throughout this report values shown as + indicate an increase
in concentration. All other table entries represent a
decrease.

2.5 Treatment with Lime and Sodium Hydroxide to Elevated pH
Both magnesium and sulphate concentrations can be lowered by
treatment with lime to pH 8 and then sodium hydroxide to pH
10.

Percentage changes in macro—ion concentration after treatment
are given in table 2.5 (i).

Table 2.5 (1)

PERCENTAGE CHANGE

. SPECIFIC CONDUCTANCE SULPHATE CALCIUM MAGNESIUM - SODIUM

24 51 +30 99 +650

A dosage of 2.5 g/L lime and 2.2 g/L sodium hydroxide was
required. The sodium hydroxide dosage to achieve removal of
magnes ium and sulphate is sufficient to elevate the pH of the
raw water to 6. '

2.6 Treatment with lime and sodium carbonate to elevated pH

An attempt to produce a solution reduced 1in calcium, magnesium
and sulphate by treatment with lime to pH 8 and then sodium
carbonate to pH 10 resulted in successful removal of the
metals but redissolution of sulphate.

Table 2.6 (i)

PERCENTAGE CHANGE

SPECIFIC CONDUCTANCE SULPHATE CALCIUM MAGNESIUM SODIUM

+41 7 93 83 +1750




3.1 AIntermédiate Pit. Water Quality

The chemlcal analysis of water from the Intermediate plt is
given in table 3.1 (i).

TABLE 3.1 (1) Chemical Analysis of Intermediate Pit Water

. xR

PH Specific Co Mg M SO, ¥ Fo Cu N Co Zn Al Hg As  Ra’’

Cenduc- mg/L pCI/L
tance
mlcro—

siemens/cm

3.5 3900 200 400 40 3100 60 2 60 14 15 7 60 0.05 0.001 1.7
** A surface sample August 1981. Analysed by AMDEL

3.2 Intermediate Pit Water. Neutralization

Assumlng sodium hydroxide to be one hundred percent eff1c1ent
the efficiency of lime was calculated.

Table 3.2 (i)

REAGENT EFFICIENCY
Sodium Hydroxide 100
Lime Slaked _ 89

Limestone and sodium aluminate are not given for the reasons
stated in Section 2.2.

3.3 Heavy Metal Removal. Intermediate Pit Water

The percentage of metal removed relative to the raw water was
caleulated after adjusting the™ ‘pH S 7 table 3.3y

Table 3.3. (1)

REAGENT - PERCENTAGE REMOVED

| Mn  Fe Cu  Ni  Co  2n
Sodium hydroxide 50 100 100 99 98 398
Calcium oxide (16 hours) 33 100 100 79 81 97
Calcium oxide ( 7 days) 33 100 100 98 94 99
Calcium Carbonate (50 hours) O 100 97 29 0 43

Sodium Aluminate (16 hours) 42 100 100 98 95 100




!
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3.3 The Effect of Neutrallzatlon on_ma ”acro i1on concentratlons
Intermedlate Plt Water

Neutralization to pH 7 caused changes to specific conductance
and macro-ion constituents. Percentage changes relative to
the untreated water are given 1in table 3.4 (1).

Table 3.4 (1)

REAGENT ' PERCENTAGE

Specific Sulphate Calcium  Magnesium Sodium

Conductance
Sodium Hydroxide +5 0 0 9 . +850
Calcium oxide 3 3 +120 ) 0
lCalcium céfbonate 2 6 +100 4 | 0
(50 hpurs)
' Sodium Aluminate 3 13 | 0 13 +1000

(6 hours)




;/

4. CONCLUSIONS
The ‘treatment process to be used will depend on chemical
costs, treatment plant costs, release standards and the water
supply available for dilution of treated water. Accordingly a
range of laboratory tests were conducted and the following
observations on specific reagents noted. '

Lime (Ca0).

Lime is efficient in removal of acid and heavy metals, and the
most successful in removing sulphate, but gives a considerable
residue of calcium. Further removal of calcium sulphate and
metals was noted on standing.

Freshly slaked lime is expected to be the most efficient
because the hydrate takes up carbon dioxide to give the less
soluble and weaker base calcium carbonate. )

Further testing of this aspect of lime treatment is
necessary . _

Sodium Hydroxide (NaOH)

Sodium Hydroxide is effective in removing acid and metals but
does not reduce sulphate and gives a large elevation in
sodium. Reaction is immediate. '

The handling of large quantities of caustic soda would require
greater precautions than the reagents.

Limestone (CaCO3)

‘After addition of sufficient limestone to raise the pH to

about 4.5 the solution would require ponding and agitation for
up to one hundred hours. This effects a pH rise to about 7.

The treatment would probably reguire isolation of the treated

‘water from the main pit.

Agitation effects oxidation of iron, removal of carbon dioxide
and assists to prevent the iron precipitate coating'the
limestone particles thus preventing reaction.

Manganese, nickel, zinc and cobalt were not efficiently
removed.

Should a local supply of limestone be found, the case for
limestone could be strengthened.

Sodium Aluminate (Nap Al,04)

This showed no advantage over the previous chemicals and is
probably more expensive. The availability of this or a
similar chemical from Gove should be examined. ‘




Lrme, Sodiuis Carvonat:

This does remove calcium, but requires a large sodium carbon-
ate dosage with-a conseqguent increase in sodium concentration.
A two pond system would prevent the resolution of sulphate.

Lime, sodium hydroxide

This treatment has no advantage other than the removal of
magnesium.

The acid and metal concentrations are less in the Intermediate
pit water. About six times the alkali 1s required to treat a
given volume of water from Whites pit as is required for the
Intermediate pit. Coupled with the volume difference the
.chemical requirements will be about fourteen times as great
for Whites pit.

Specific information can be gained from tables within the text
and the data supplied within the appendices. These experi-
ments should provide the basis for pilot' plant trials.
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APPENDIX "A"

Whites pit water. Laboratory treatment trials.




TABLE Al

WHITES PIT WATER WITH SODIUM HYDROXIDE

24 HOURS AFTER TR?ATMENT

mg/L

pH ' 2.5 6.0 7.0 - 8.0

SPECIFIC CONDUCTANCE 9200 9800 10200 10500
Microsiemens /cm

g /L SODIUM HYDROXIDE - 2450 2700 3000
ADDED

CALCIUM Ca 400 400 400 380
mg /L

MAGNESIUM Mg _ 900 820 780 740
mg /L

SODIUM Na . 200 - - -

" mg/L

SULPHATE SO, 8200 7700 7400 8700
mg/L

MANGANESE Mn 230 150 90 40
mg/L

IRON Fe 430 12 1.1 0.1
na /L _ .

COPPER Cu 55 0.1 0. 05 0. 05
mg/L

NICKEL Ni 14 1.6 0.2 0.1
mg/L

COBALT Co 15 2.0 0.3 0.1
ng/L

ZINC Zn 6 0.4 0.1 0.05




TABLE A2

WHITES PIT WATER WITH SODIUM HYDROXIDE

7 DAYS AFTER TREATMENT

pH 2.5 6.6 7.0 7.4

SPECIFIC CONDUCTANCE 9200 10500 10900 11200
Microsiemens /cm

mg/L SODIUM HYDROXIDE - 2450 2700 3000

ADDED

CALCIUM Ca . 400 480 440 440
mg /L ' '

MAGNESIUM Mg 900 820 780 - 720
mg /L i '

SODIUM Na 200 {1700 1900 2000
mg /L

SULPHATE SO, 8200 8600 8500 8500
mg/L

MANGANESE Mn 230 170 90 60
mg/L

IRON Fe , 430 0.1 0.1 0.1
mg /L

COPPER Cu 55. 0.1 0.05 0.05
mg /L : '

NICKEL MNi 14 0.8 0.1 0.1
mg/L

COBALT Co 15 0.3 0.1 0.1 .
mg/L

ZINC Zn 6 0.3 0.05 0.05

mg/L




TaBLE A3
WHITES PIT WATER WITH SLAKED L1M:

24 HOURS AFTER TREATMENT

pH 2.5 6.0 7.0 8.0

SPECIFIC CONDUCTANCE 3200 6400 5600 5400
Microsiemens /cm

mg/L LIME ADDED - 1900 2100 2400

CALCIUM Ca 400 750 700 _ 700
mg /L

MAGNESIUM Mg 900 800 700 650
mg /L :

SODIUM Na ' 200 - - -
mg/L

SULPHATE SO, 82Q0 4300 4350 4300

mg /L :

MANGANESE Mn 230 150 55 25
-mg /L

IRON Fe , 430 30 0.3 0.1
mg/L

COPPER Cu 55 . 0.5  ° 0.05 0.05
mg/L’

NICKEL Ni ' 14 4.6 0.2 0.1
mg /L '
COBALT Co 15 5.3 0.3 0.1

mqg /L
ZINC Zn 6 1.1 " 0.05 0.05

m3 /L




TABLE A4

WHITES PIT WATER WITH SLAKED LIME

7 DAYS AFTER TREATMENT

pH : 2.5

r 5.0 6.4 6.9

SPECIFIC CONDUCTANCE 9200 6200 5500 5300
Microsiemens /cm

mg/L LIME - 1900 2100 2400
ADDED

CALCIUM Ca 400 500 500 500
ng /L

MAGNESIUM Mg 900 800 700 600
mg /L '

SODIUM Na ' 200 200 200 150
mg /’L

SULPHATE SO, ' 8200 5200 4000 3800
mng/L

MANGANESE Mn 230 150 50 40
mng/L

IRON Fe 430 2.3 0.1 0.1
ing /L ‘ :

COPPER Cu 55 2.4 0.05 0.05
mg/L

NICKEL Ni : 14 4.1 0.1 0.1
mg/L

COBALT Co ' 15 5.9 0.1 0.1
mg/L

ZINC Zn 6 1.2, 0.05 0.05

mg/L




TABLE AS

WHITES PIT WATER WITH LIMESTONE

10 Mins

mg/L

4 Hours 5 Hours
Stir Stir Stir
pH 2.6 4.0 4.4 4.5
SPECIFIC CONDUCTANCE 9200 - 8000 7000
Microsiemens /cm '
mg/L LIMESTONE - 3500 3500 3500
ADDED .
CALCIUM Ca 400 550
mg /L
MAGNESIUM Mg 900 900
‘mg /L
$ODIUM Na - 200 220
-mg/L
EULPHATE SO 8200 4800
mg /L
"MANGANESE Mn 230 220
' mg /L .
IRON Fe 430 0.1
mg /L
COPPER Cu ‘ 59 1.4
mg/L
NICKEL Ni 14 12
mg /%L
COBALT Co 15 16
mq //'L
ZINC Zn 6 3.0




?ABLE_&E

- WHITES PIT WATER WITH LIMESTONE

10 Mins 3 Hours 50 Hours 100 hours
Stir Stir Stir Stir
pH 2.5 4.5 6.0 6.7 7.0
SPECIFIC CONDUCTANCE 9200 - - 6900 6500
Microsiemens /cm
mg/L LIMESTONE - 4200 4200 4200 4200
ADDED ’ :
CALCIUM Ca 400 780 500
mg /L )
MAGNESIUM Mg 900 920 960
mg /L

SODIUM Na . 200 260 220
mg /L

SULPHATE SO, 8200 8200 4000
ng /L

MANGANESE Mn 230 210 210
mg/L '

IRON Fe 430 0.8 0.3
mg/L

COPPER Cu 55 0.7 0.1
ng /L

NICKEL Ni 14 12 9
rng/L

coBaLT Co 15 12 12
mg /L

ZINT Zn 6 2.6 2.6

mg/L




TABLE A7

mg/L

WHITES PIT WATER WITH LIMESTONE
10 Mins 4 Hours 50 Hours
Stir Stir Stir

pH 2.6 4.4 5.8 6.7

SPEIIFIC CONDUCTANCE 9200 - 7800 6600
Microsiemens /cm

ng /L LIMESTOMNE - 5500 5500 . 5500
ADDED ' '

CALCIUM Ca 400 600
mg/L

MAGNESIUM Mg 300 950
mg/L

SODIUM Na 200 220

~ mg/L

SULPHATE 504 8200 5100
ng/L

MANGANESE Mn 230 230
mg/L

TRON Fe 430 ’ 0.5
ng/L

COPPER Cu 55 - 36
mg /L

NICKEL Ni 14 15
my /L

COBALT Co 15 17
mg/L

ZINC 2Zn 6 5




-/

TABLE A8

WHITES PIT WATER WITH SODIUM ALUMINATE

24 HOURS AFTER TREATMENT

pH 2.5 5.0 6.0 7.0 8.0

SPECIFIC CONDUCTANCE 9200 7900 8200 8300 8300
Microsiemens /cm

mg/L SODIUM ALUMINATE - 2550 2000 3800 4800
ADDED -

CALCIUM Ca 400 400 400 350 300
mg/L

MAGNES IUM Mg 900 850 - 800 750 550
mg /L

SODIUM Na 200 - - - ) -
mg/L

SULPHATE SO, 8200 6300 6100 6000 5500
mg/L

MANGANESE Mn 230 200 160 100 25
mg/L :

IRON Fe 430 110 35 0.6 0.5
mg/L '

COPPER Cu 55 16 0.3 0:0S 0.1
mg/L '
NICKEL Ni 14 : 8.7 3.8 0.4 0.1

mg/L .
COBALT Co 15 9.3 4.7 0.7 . 0.1
mg/L : .
ZINC Zn 6 6 0.6 0.1 . 0.05

mg /L




TABLE A9

WHITES PIT WATER WITH SODIUM ALUMINATE

7 DAYS AFTER TREATMENT

pH 2.5 - 4.5 5.4 6.3

ZINC Zn 6 5.1 0.8 0.05
mg/L :

7.2
SPECIFIC CONDUCTANCE 9200 8450 8700 8700 8750
Microsiemens /cm
mg/L SODIUM ALUMINATE - 2500 2900 3800 4800
. ADDED
CALCIUM Ca 400 450 420 400 350
mg /L
MAGNESIUM Mg 900 800 800 750 550
mg/L \
SODIUM Na - 200 880 1100 1300 1600
mg /L
SULPHATE SO, 8200 6600 6600 6700 6500
4
mg/L
MANGAMNESE Mn. ) 230 180 170 110 60
mg /L
_IRON Fe . ' 430 60 0.5 . 0.2 0.1
mg/L
COPPER Cu ' 55 30 0.9 0.05 0.05
ny/L
NICKEL Ni 14 11 2.8 0.1 0.1
ng/L
COBALT Co 15 14 6.1 0.4 0.1
mg/L
0.05




TABLE AlQ

WHITES PIT WATER WITH SLAKED LIME
TO pH 8 THEN SODIUM HYDROXIDE

24 HOURS AFTER TREATMENT

pH : ' 2.6 9.0 10.0 . 11.0

SPECIFIC CONDUCTANCE ' 9200 6000 7000 7800
Microsiemens /cm

LIME mg/L ADDITION - 2500 2500 2500

SODIUM HYDROYIDE - 1000 2200 - 3000
mg /L

CALCIUM Ca 400 500 520 580
mg /L

MAGNESIUM Mg ‘ 300 520 6 o
mg/L .

SODIUM Na 200 640 1500 1700
mg/L :

SULPHATE SO, 8200 4200 4000 4500
‘mg/L

 MANGANESE Mn 230 7 0.1 0.1

mg /L

IRON Fe 430 ' 0.1 0.1 ' 041
mg /L

COPPER Cu 55 0. 05 0.05 0.05
mg/L

NICKEL Ni 14 0.1 0.1 0.1
m3/L

COBALT Co 15 0.1 0.1 © 0.1
mg/L

ZINC Zn 6 0.05 0.05 0.05

mg/L




TABLE All

WHITES OPEN CUT COMPOSITE SAMPLE
SLAKED LIME TO pH 8 THEN SODIUM CAR?ONATE‘

24 HOURS AFTER TREATMENT

pH 2.6 9.0 9.5 10.0

SPECIFIC CONDUCTANCE 9200 6300 10900 13000
Microsiemens /cm

LIME mg/L - 2100 2100 2100

SODIUM CARBONATE - 400 2000 4000
mg/L

CALCIUM Ca 400 800 . 850 30
mg/L '

MAGNESIUM Mg . 900 700 500 150
mg/L

SODIUM Na 200 340 2400 3700
mg/L

SULPHATE SO, 8200 5400 7700 7600
mg /L

MANGANESE Mn 230 13 1.0 S0

" mg/L

IRON Fe ' a30 0.1 0.1 0.1
mg/L ‘

COPPER Cu ' 55 . 0.05 0.05 0.05
mg /L

NICKEL Ni 14 0.1 0.1 - 0.1
mg/L

COBALT Co 15 0.1 0.1 0.1
mg/L

ZINC Zn 6 : 0.05 0.05 0.05

mg/L




APPENDIX "B"

Intermediate pit water. Laboratory treatment trials.




INTERMEDIATE PIT WATER WITH SODIUM HYDROXIDE

16 HOURS AFTER TREATMENT

pH 3.5 6.0 7.0 8.0

SPECIFIC CONDUCTANCE 3900 4000 4100 4200
Microsiemens /cm

SODIUM HYDROXIDE ADDED - 370 440 . 550

mg/L

CALCIUM Ca 200 220 210 200
ng/L

MAGNESIUM Mg 460 460 420 400
mg/L

SODIUM Na 40 - - -
ng /L’ o

SULPHATE 504 3100 . 3100 3100 2900
mg /L

MANGANESE Mn 60 40 30 10
mg/L

IRCN Fe 2 0.1 0.1 ' 0.1
mg/L

COPPER Cu : 60 0.4 0.2 0.1
mg /L '

NICKEL Ni 14 2.9 0.6 0.1
mg/L

COBALT Co 15 3.2 0.6 0.1
mg/L :

ZINC 2Zn 7 0.4 0.1 0.5

mg /L




INTERMEDIATE PIT WATER WITH SODIUM HYDROXIDE

] WEEK AFTER TREATMENT

pH 3.5 6.6 7.1 7.5

SPECIFIC CONDUCTANCE 3900 4300 4100 4100
Microsiemens /cm

SODIUM HYDROXIDE ADDED - 370 440 570-
mg /L ’

CALCIUM Ca 200 240 220 220
mg/L

MAGNESIUM Mg 460 460 420 400
mg /L

SODIUM Na 40 320 380 . 420
mg/L

SULPHATE 504 3100 3000 3100 3000
ng/L '

MANGANESE Mn 4 60 50 30 20
mg/L '

IRON Fe 2 0.1 S 0.1 0.1
mg/L

COPPER Cu 60 0.1 0.1. 0.05
mg/L

NICKEL Ni 14 0.7 0.1 0.1
meg /L

COBALT Co 15 2.6 0.3 0.1
mg /L

ZINC Zn 7 0.4 0.1 0.05

mg/L




TABLE B3

INTERMEDIATE PIT WATER @ITH'SLAKED LIME

16 HOURS AFTER TREATMENT

pH 3.5 6.0 7.0 B.O

SPECIFIC COMDUCTANCE 3900 3800 3800 3700
Microsiemens /cm

ng/L SLAKED LIME ADDED - 300 350 400

CALCIUM Ca 200 420 440 500
mg/L

MAGNESIUM Mg 460 460 460 420
mg /L - .

SODIUM Na - : 40 - - -
mg/L

SULPHATE SO4 3100 3100 3000 2900 -
mg /L

MANGANESE Mn C 60 45 40 20
mg/L '

IRON Fe - 2 0.1 0.1 0.1
mg/L '

COPPER Cu v 60 1.3 0.2 0.1
mg/L

NICKEL Ni 14 8.4 2.9 . 0.3
mg/L '

cosalT Co 15 9.0 2.9 0.3
mag /L

ZINC- Zn 7 2.6 0.2 0.05

mg/L




TABLE B4

T i

INTERMEDIATE PIT WATER WITH SLAKED LIME

1 WEEK AFTER TREATMENT:

- — - B ¥

pH ’ 3.5 6.3 7.0 P 7.4

SPECIFIC CONDUCTANCE 3900 4000 3900 14000
Microsiemens /cm ’

mg/L SLAKED LIME ADDED - 300 350 400

CALCIUM Ca 200 440 440 500
mg /L '

MAGNESIUM Mg ' 460 480 440 400
mg/L

SODIUM Na - 40 45 40 40
mg/L

SULPHATE SO, : 3100 3200 3000 3000
mg /L .

MANGANESE Mn 60 50 40 20
ng/L

IRON Fe | 2 0.1 0.1 0.1
mq/L : _

COPPER Cu 60 0.6 0.05 0.05
mg /L .

NICKEL Ni 14 4.5 0.3 0.1
mg/L ' ‘

COBALT Co 15 8.6 0.9 0.1
mg /L V

ZINC Zn _ 7 2.3 0.1 0.05

mg/L




TABLE B5

INTERMEDIATE PIT WATER WITH LIMESTONE

mg/L

10 Mins 4 Hours 50 Heurs
Stir Stir Stig

pH 3.5 4.5 5.1 5.8

SPECIFIC CONDUCTANCE 3900 3650 3700 38090
Microsiemens /cm '

‘mg/L LIMESTONE - 500 500 500 -

'~ ADDED -

CALCIUM Ca 200 380
mg /L

MAGNESIUM Mg 460 440
mg /L

SODIUM Na 40 40
mg /L

SULPHATE SO4 3100 3000
mg /L

MANGANESE Mn 60 65
mg/L

IRON Fe 2 0.1
ng/L

COPPER Cu 60 30
mg/L

NICKEL Ni 14 14
mg /L

COBALT Co 15 18
mg /L

7ZINC Zn 7 7




TABLE B6

INTERMEDIATE PIT WATER WITH LIMESTONE

ng /L

10 Mins 4 Hours 50 Hoyrs
Stir Stir Stir

pH . ‘ 3.5 4.6 5.9 6.3

SPECIFIC CONDUCTANCE 3900 3800 380)
Microsiemens /cm '

mg /L LIMESTONE - 700 700 700
ADDED - ’

CALCIUM Ca 200 400
.mg/L

MAGNESIUM Mg 460_ 440
mg/L ’

SODIUM Na 40 40
mg/L

SULPHATE SO4 3100 2900
mg /L

MANGANESE Mn 60 65
mg/L

IRON Fe 2 0.1
mg/L

COPPER Cu 60 4
mg /L

NICKEL Ni 14 12
mg /L

COBALT Co 15 17
mg/L

ZINC Zn 7 5




10 Mins 4 Hours 50 Hou%s
Stir Stir Stir |
pH 3.5 4.6 6.0 6. 6
SPECIFIC CONDUCTANCE 3900 3600 3800 3850;
Microslemens /cm
ng/L LIMESTONE - 1000 1000 1000
ADDED
CALCIUM Ca 200 400
mg /L
MAGNESIUM Mg 460 440
mg/L
SODIUM Na 40 40
mg /L
SULPHATE SO4 3100 2900
mg /L
MANGANESE Mn 60 65
mg /L
IRON Fe 2 0.1
mg/L
COPPER Cu 60 2
mg /L
NICKEL N1 14 10
mg /L
COBALT Co 15 15
mg/L
ZINC Zn 7 .4

mg /L




o mim

TABLE B8

INTERMEDIATE PIT WATER WITH SODIUM ALUMINATE E
{

16 HOURS AFTER TREATMENT

pH 3.5 6.0 7.0 8.0:
SPECIFIC CONDUCTANCE 3900 ' 3800 3800 3800,
Microsiemens /cm !
mg/L SODIUM ALUMINATE - 570 750 - 870
ADDED
CALCIUM Ca 200 220 200 - 180!.
mg /L '
MAGNESIUM Mg 460 440 400 300
mg /L
SODIUM Na 40 - - -
mg/L
SULPHATE SO 3100 2900 2700 2600
mg/L )
|
o . !
MANGANESE Mn 60 50 3s : 9!
mg/L o
IRON Fe 2 0.1 0.1 0.1
mg /L
COPPER Cu : 60 0.8 ' 0.1 0.1
mg/L
NICKEL ¥i 14 8 0.3 0.1
mg/L '
COBALT Co 15 9.5 0.7 0.1
mg/L
ZINC 2Zn ' 7 1.6 0. 05 0.05

mg/L




INTERMEDIATE PIT WATER WITH SODIUM ALUMINATE

1 WEEK AFTER TREATMENT

pH ‘ 3.5 5.9 7.3 7.8

SPECIFIC CONDUCTANCE 3900 4000 40090 4000
Microsiemens /cm

mg/L SODIUM ALUMINATE - . 570 750 870

AD{OED ) -

CALCIUM Ca 200 220 220 240
mg /L

MAGNESIUM Mg 460 440 : 440 260
mg /L

SODIUM Na 40 200 300 440
mg /L

SULPHATE 504 ) 3100 2800 2900 2500
mny/L .

MANGANESE Mn 60 50 50 A 20
mg /L ‘ .

IRON Fe 2 0.1 0.1 0.1
mg /L ' '

COPPER Cu 60 3.3 0.1 0.1
mg /L

NICKEL Ni 14 3.8 0.1 0.1
mg /L '

COBALT Zo 15 8.6 0.3 0.1
mqg /i

ZINC 7n 7 3.4 0.05% 0.05

mg /L
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Technical reference to the Water Treatment Study:

APPENDIX 4

-WATER SAMPLING AND ANALYSIS FOR INTERMEDIATE OPEN CUT,

RUM JUNGLE 21:+JULY 1981
AND

WATER SAMPLING AND FIELD ANALYSIS FOR WHITES OPEN cur,

RUM JUNGLE 8 SEPTEMBER 1981
BOTH BY:

THE NORTHERN TERRIROTY OF AUSTRALIA

DEPARTMENT OF TRANSPORT AND WORKS




4-28-15(2)
HW: LM

28 July, 1981

REPORT - WATER SAMPLING AND ANALYSIS FOR INTERMEDIATE OPENCUT,
' RUM JUNGLE, 21 JULY, 1981

. Water sampling and field analysis were carried out by.Chemists
Holger Henkel and Hugh Wilson at Intermediate opencut at Rum
Jungle for 2 hours from 10.30 am on 21 July 1981.

Jar tests and sub-sampling of water samples collected, were
carried out at East Point Laboratory during the afternoon of

21 July 1981. Subsequently, chemical analysis of water samples
collected at Intermediate opencut and sub-samplesat East Point
Laboratory were analysed for metals using flame A.A.S5., and

other conventional methods for additional parameters.

The field work was carried out using a NISKIN sampler of
6 litre capacity, and a MONTEDORO - WHITNEY MULTI-PARAMETER .
METER AND PROBE MARK IV, precalibrated in the laboratory.

Listed below are the results of these exercises:-

Jar tests at East Point Laboratory were carried cut using a
quick-lime/water suspension with a concentration of 10mg/ml
added to 500 ml jars cf water, and flocculated using a S E M,
6 paddle mixer with variable mixing speeds . ' ‘

QUICKLIME ANALYSIS:~ Lime calcined at 950c for 20 minutes.

Ca . = 627%
as Ca0O = 87.7%
Mg = 0Q.45%
as MgoO = 0.8%
Fe = 0.34%
as Fezov = 0.5%
METALS
Cu = 0.005%
Pb = 0.005%
Cu ‘ .= 0.005%
Mn = 0.050%
Co =  0.005%
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File: 4-28-15 (2)
HW: 1M

18th September, 1981

REPORT: - WAT'ER SAMPLING AND FIELD ANALYSIS FOR WHITE's OPENCUT,
RUM JUNGLE, 8 SEPTEMBER, 1981. ' :

water samples were collected, and field analysis carried out by Chemists Holger
Henkel and Hugh Wilson at White's opencut at Rum Jungle, for approx 2 hours’

fram 10am, on 8 September, 1981. Samples were collected fram a boat at
about the centre of the lake.

Jar tests and sub-sampling of water samples collected, were carried out at
East Point Laboratory during the afternocon of 8 September, and during

9 September, 1981. Subsequently, chemical analysis of water samples
collected at White's opencut, and sub-sarples at East Point Laboratory,
were analysed from metals using flame A.A.S.and Carbon Rod, and other
conventional methods were used for additional narameters.

The field work was carried out using a NISKIN sampler of 6 litre capacity,

and a MOWTEDORG - WHITNEY MULTI - PARAMETER METER AND PROBE MARK IV,
precalibrated in the laboratory.

Listed below are the results of'this exercise: -
Jar tests at East Point Laboratory were carried out using a quick-lime/water

suspension with a concentration of 90 mg/ml added to 500 ml jars of water,
and floculated using a S.E.M., 6 paddle mixer with variable mixing -speeds.

| QUICKLIME ANALYSIS :- lime calcined at 950c for 20 minutes.

Ca = 62.7% .

as Calo = 87.7%

Mg = 0.45%

as  MgO = 0.8%

Fe = 0.34%

as Fe, 0, = 0.5%

273
METALS

Cu = £0.005%
Pb = <0.005%
M = 0.050%
Co = «0.005%
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)

AB No 81/1482-81/1486

WHITES OPEN CUT 8/9/81

45 METERS
SHEET 1 of 2
pH 2.8 6.0 7.0 8.1 9.0
. CONDUCTIVITY 8700 - - - -
GRAMS/LITRE LIME . - 2.1 2.7 3.2 3.9
Ca Mﬁ/l 560 860 790 950 1300
Mg Vmg/l 1000 1850 700 540 240
TOTAL HARDNESS (Ca CO.) 5800 5600 4800 4500 4200
SULPHATE so_% 7700 5300 4700 4500 3300 |
HEAVY METALS
COPPER Cu g/l 57 _ 0.4 £0.05 0.05 0.0&
lfAD Pb‘—n»q/l _ _ 0.3 0.2 £ 0.1 <0.1 £0.1
MANGANESE M ;ng/ 1 180 150 60 . 18 2_./.
NICKEL Ni mg/1 12 .4 3.2 0.1 ¢ 0.1 <0.1
“ZINC Zn mg/1 5.8 0.2 4 0.05 £0.05 £0.0
m‘om-m SOLUTION mg/1 390 45 0.5 £ 0.1 < 0.1
COBALT CO mg/1 13.5 3.5 0.1 .. 0.1 2. 0.1
' 1



)

3 No FIOC TESTS

ITES OPEN CUT 8/9/81 45 METERS

O mls SAMPLE IN 1 LITRE "LON FORM" BEAKER

EET 2 of 2

ST _NO } G/L LIME pi . | COLOWR FLOC_VOLWE REMARKS
. SUPERNATENT DID NOT CLEAR,
1 1.68 5.16 | LIGHT BROWN 190 mls SAMPLE WAS TURBID TO START
‘ - : WITH-
2 : - SAMPLE CHEMICALLY ANALYSED .
2.18 5.96 GREENISH 300 mls
83 V- e
3 | 2.52 6.70 " 300 mls AS SAMPLE 1
4 2.70 7.1 GREFN/GREY 325 SAMPLE CHEMICALLY ANALYSEL
/1484 o o
5 2.80 7.6 . 350
6 3.24 8.1 . 480 SAMPLE CHEMICALLY ANALYSED
/1485 —
7 3.60 | 8.79 n 490
. SAMPLE CHEMICALLY ANALYSED
g8 | 3.9 | 8.9 " 500 ALSO DID NOT SETTLE DURING
VAR FLOC_TEST '




!

"LAB No 1476-1481 JAR FLOC TESTS

AHITES OPEN CUT 25 METERS 8/9/81

SAMPLE VOL 500 mls IN 1 LITRE "LOW FORM! BEAKER

TEST Nqg G/L Lime pH COLOUR FLOC VOLWE | REMARKS

1 2.16 5.7 GREEN/GREY 200 mls
2 2.47 6.2 © 200 mls SAMPLE ANALYSED. - CHEMICALLY |
31, .78

3 2.70 ‘ 6.8 " o . 250 mls SAMPLE ANALYSED CHEMICALLY
31/1479] _

4 3.24 8.0 " 300 mls SAMPLE ANALYSED CHEMICALLY
31/1480

5 3.60 8.4 " 350 mls

6 3.96 8.7 " 360 mls SAMPLE ANALYSED CHEMICALLY
31/1481




" LAB No 81/1077-81/1481

WHITES OPEN CUT 8/9/81

25 METERS
HEET 1 of 2

pH 2.6 -6.0 6.8 8.0 8.7
SONDUCTIVITY 9000 - . _ _
GRAMS/LITRE LIME‘ - 2.4 2.7 3.2 3.9
CALCTUM Ca mg/1 575 830 810 940 1000
MAGNESIUM Mg mg/1 930 780 740 640 340—
‘T'OTAL HARDNESS (CaCO) 5200 5300' 5000 5000 3960
SULPHATE SO, 7500 4400 5000 3800 3500
COPPER Cu mg/1 56 0.1 < o.‘os . L0.05 20.05
LEAD Pb mg/1 ’ 0.3 0.3 0.1 0.1 0.1
MANGANESE M mg/1 180 130 100 20 4.6
NICKEL Ni mg/1 12.1 1.0 0.3 2 0.1 0.1
ZINC zZn mg/1, 5.6 0.05 0.05 ¢ 0.05 < 0.0t
CIRON (in solution)
Fe mg/1 370 7.9 1.8 £0.1 < 0.1
CORALT Co mg/] 13.5 | 1.2 0.5 0.1 0.1




)

$1/1472-81/1476

SHEET 1 of 2

WHITES OPEN CUT 8/9/81

2 METERS

pH 3.1 5.9 7.2 9.25
CONDUCTIVITY 6200 - - -
GRAMS/LITRE 'LJ.ME - 1.1 1.4 -% 2.4
CALCTUM Ca mg/1 390 1000 1040 1145
MAGNESIUM Mg mg/1 780 730 640 230
TOTAL HARDNESS (CaCO.) 4200 5500 5200 3800
SULPHATE SO, 4800 4300 4800 3100
COPPER Cu mg/] 58 0.4 1 <0.05 <0.05
LEAD Pb mgl £0.1 < 0. <0.1 <0.1
s
NICKEL Ni mg/1 ”9'5 3.8 0.1 < 0.1
ZINC 7n mg/1 6.5 0.4 £0.05 <0.05
IRON Fe mg/l 114 0.2 <0.1 <0.1
COBALT Co  mg/1 11.5 3.8 0.2 <0.1




~

A

JAB No 1473-1476

VHITES OPEN CUT 2 METERS

JAR FLOC TESTS

SAMPLE VOL 500 mls IN 1 LITRE "LOWN FORM" BEAKER

SHEET 2 of 2

PEST No |- G/L LIME pH COLOUR FLOS_ VOLUME REMARKS
1 0.36 4.14 ORANGE,/RED <100 DID NOT CLEAR
" 0.72 457 " lOO " 1 T
3 0.90 5. 40 " 150 SLIGHTLY CLOUDY
SAMPLE CHEMICALLY ANALYSED
4 1.08 5.93 " 200 SUPERNATANT CLEAR
81/1473 '
. L s _— . o0 EAUI;IPLE gmgpi,by ANALYSED
81/1474 ERNATANT CLEAR
6 1.80 8.3 " 350 SAMPLE CHEMICALLY ANALYSED
81/1475 FLOC SLOW TO SETTLE
7 2.43 9.3 o - AS No. 6
VIR TS :

>




D

~ LAB No 81/1487-81/1491

WHITES OPEN CUT 8/9/81

COMPOSITE
SHEET 1 of 2

pH 2.62 '6.19 7.3 8.00 9.12
CONDUCTIVITY 8750 - - - -
GRAM/LITRE LIME B 1.8 2.3 2.7 3.6
CALCIUM Ca 480 (420 18.00 1800 1700
mc;msszm Mg 820 780 630 500 160
TOTAL HMARDNESS 4500 5000 7100 6500 4900
SULPHATE SO, 6600 4400 4100 3600 2700
COPPER Cu 55 0.2 <0.05 €0.05 «0.05
LEAD Pb 0.3 £0.1 £0.1 ¢0.1 £0.1
MANGANESE Mn 160 110 26 7.8 0.6
NICKEL Ni 1.0 1.6 0.1 <0.1 0.1
ZINC Zn 6 C 0.1 £0.05 £0.05 £0.05
TRON Fe (in solution) 322 6.3 L 0.1 0.1 0.1
COBALT Co 12.6 1.5 0.2 0.1 L 0.1




Technical reference to the Water Treatment Study:

APPENDIX 5

ANALYTICAL RESULTS FOR WATER TREATMENT TESTS

REQUESTED BY THE STUDY CONSULTANT



ANALYTICAL RESULTS

FOR

WATER TREATMENT TESTS

REQUESTED BY M.P.E.S.
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NOTES ON TREATMENT OF WATER FROM WHITES OPEN CUT

The following is a compilation of graphs for a set of tests requested by
M.P.E.S. Same deviation or extrapolation of test procedure has occurred
including: - :

No sample was taken for analysis in the dolomite reactivity
test at the 5 minute interval because no significant change
in pH occurred.

Essentially temperatures renained'constant, throughout the
reactivity test, hence aren't recorded.

Sampling continued in the reactivity test wuntil no significant
change in pH occurred.

Results for metal analysis below 10mg/L are recorded to the
nearest O.1lmg/L, above 10mg/L to the nearest lmg/L. Calcium
and Sulphate results are recorded to the nearest 20mg/L.

Alkali reactant added as a liquid slurry.

Only 900ml of sample water was used, hence the changed dosage
rate.

At campletion of experiment all beakers contained white
precipitate. (Presumable Calcium Sulphate precipitated
overnight). Also some precipitation occurred in the filtrate
before analysis was completed.

. Average height of solution was 11.5cm and avefage diameter
of beaker was 11.2¢m.
St ekl caleirs il Liche b5
In the setfling test observation began after 1 minutes stirring arnd the
following observations noted: -

0'559m/L and 1.11gn/L Lime tests had an ill defined interface
for most of the experlment with a light flock diffused throughout
most of the beaker. { 7kmmed ) :

2.22gm/L Lime test had a good flock and well defined interface.
Unreacted alkali was left on campletion of the experiment in
the 3.3, 4.4 ard 6.6gn/L Limestone test and also 2.22gn/L Lime
test.

Only one graph of time versus interface had enough observation
to merit drawing. 4

’6/\

(G. JOHNSTON)

(J. ALCOCK) /L/ "/

East P01nt Laborato



TEST PROGRAM

The following tests are to be performed in the order indicated:

1. Reaction Rate Tests

1.

1

Using Dolomite Mg CO3

Use commercial grade agricultural dolomite ground to a

- fine powder -200

(Perform sizing on ground material and use same material
for all tests)

Use éddition rates of 3.0 4.0 6.0 10.0 gms/litre
dolomite

1.2 Using Calcium Carbonate Ca COj5
Use ground limestone ground to 100% -~200 *
{perform sizing) 4.0 gms/litre.
1.3 Using Lime Ca ©
Use lime (slurried in 20 ccs of water) at the following
addition rates 0.5, 1.0, 2.0 4.0 gms/litre.
2. Settling Tests

Following an assessment of the results of the reactivity tests,
settling tests should be performed using lime additions of
0.5, 1.0, 2.0, and 4.0 gms/litre.

I have not ruled out the possibility of using dolomite, but I
suspect that it will be inferior to lime and therefore settling
tests are to be performed only if results are unexpectedly
encouraging. '

Settling tests should be performed using limestone CaO additions
of 3.0, 4.0 and 6.0 grams/litre.

3. General

In all tests adequate analyses of reactants is required.
Sizings must be performed on limestone and dolomite. Lime

used must be titrated for % available Ca0O, as at times lime has
been partially slaked by exposure to atmospheric moisture.



4. Settling Tests -~ Procedures

Settling tests are to be conducted in the following manner:

To measure the settling characteristics of flocculated
material following lime (alkali) additions to polluted water.

Aim :

Apparatus

Procedure:

(1)

(2)

1000 mill measuring cylinders
Electric Stirrer

Stop Clock

Scale (in cms)

PH Meter

Miscellaneous beakers
Balance '

Drying Oven

Weigh out required amount of alkali to be added
(see table)

Fill 1000 mil measuring cylinder with polluted
water (measure pH) .

Place in stirrer cylinder and commence stirring.

(3)
(4) Add alkali and start stop watch.
(5) Record level of interface at the following

(6)

" intervals 1, 2, 3, 4, 5, 10, 20, 60 minutes and

2, 4, 6, 8, 16, 24 hours.
(This will enable compression data to be developed)

Filter and dry at 105°c.

Calculations and Plotting of Results:

Plot Depth versus
time of interface

}\ E.G
A\
b
\.\\
\
T\
O

TiMe (M), —=




Calculate final pulp Density

Volume of Settled Pulp

Weight of Dried Solids
(assume density solids

Pulp Density =

(1)

5.. REACTIVITY TEST PROCEDURE

= v
= Wi
2.6 )
Wi X 100% =
Y

Reactivity tests are to be performed as below :

Aim:

The aim of this test is to determine the rate at

which a given amount of alkali changes the ph (and heavy . metal

of polluted water.

Beakers
Stirrex

pPH Meter
Filter
Buchner funnel
Stop clock
Drying oven

Apparatus:

Procedure: '
(1)
(2)

(3)

drop out)

Measure out 1 litre of water.
Record pH, temperature (leave pH meter in pulp)

Set up stirrer on dummy sample and ensure agitation

is sufficient to. fully disperse reactant that is to

be added to pulp.

Record Speed and stirrer type, and

use this set up for all reactivity tests.

{4)
Set time at ¢ = 0

(5) (
rate of change.

(6)

Set stirrer going and add reactant to beaker
Record pH at minute intervals on times appropriate to

Draw off samples of pulp and filter at 1, 5, 10, 30

60 minute intervals and analyse filtrate from heavy

metal ions.



(7)

Results

When pH has stabilised draw off pulp sample

and filter, and analyse for pH, Ca 0, SO4 and
heavy metals. :

Dry at 105°c residue and analyse for heavy metals.

Plot pH, heavy metal concentrations versus time.




Time since
addition of
Alkali (Min)

pH

Iron, Fe
mg/L
Copper,Cu
mg/L

Manganese, Mn
mg/L

Sulphate, SO 4
mg/L

WHITES OPEN CUT, SAMPLE

2 METERS FROM THE SURFACE,

TREATED WITH 11.1 grm/1 of

DOLOMITIC LIME.

0.0

2.8

280

82

46

70

4760

1.0

4.6

580

38

71

3720

5.0

10.0

540

1.1

71

4360

5.0

620

1.2

28

70

4360

30.0

69

" 80.0

5.6

660

3.0

69

4360




N

Time since
addition of
Alkali (Min)

pH

Temp

°c

Calcium, Ca
mg/L

Iron, Fe -’
mg/L

Copper, Cu
mg/L

Manganese, Mn-

mg/L

Sulphate, SO 4
mg/L

WHITES OPEN CUT, SAMPLE

2 METERS FROM THE SURFACE,

TREATED WITH 4.44 gn/L OF

CALCIUM CARBONATE

21.8

280

82

46

70

4760

5.4
22.8

740

0.9
20

73

5.0

5.7

800
1.2

19

72

4600

15.0 30.0
5.9 6.1
760 800
0.9 <0.5
14 8.3
70 72
4360 4530

20.0

760

< 0.5
1.7

72

4530




WHITES OPEN CUT, SAMPLE

2 METERS FROM THE SURFACE,
TREATED WITH 0.55 gr/L OF
CALCIUM OXIDE (LIME)

Time since . 0.0 1.0 5.0 15.0 60.0 120.0

addition of

Alkali (Min)

pH : . 2.8 4.5 4.5 4.6 4.5 4.5
'.}"gm 23

Calcium, Cg 280 600 620 620 620
mg/L

Iron, Fe 82 1.2 0.7 0.5 0.5
mg/L

Copper, Cu 46 38 39 40 4
mg/L

Manganese, Mn- 70 71 70 71 72
mg/L

Sulphate, SO '
ulphate, S0, 4760 444D 44bO 4440 4920

mg/L




.

Time since
addition of
Alkali A (Min)

pH

T,
sgP |
Calcium, Cy
mg/L

Iron, Fe
mg/Ls

Copper Cu
mg/L

Manganese, Mn-

mg/L

Sulphate, SO .
mg/L

WHITES OPEN CUT, SAMPLE

2 METERS FROM THE SURFACE,
TREATED WITH 1.1lgrms/1 OF
CALCIUM OXIDE (LIME)

0.0 1.0 5.0 . 40.

2.8 4.0 4.6 6.0
22 23.2
280 660 660 700

82 5.0 0.5 < 0.5

46 27 22 0.8
70 61 55 45
4760 4530 4360 4360

700

< 0.5

4200

120.0

740

<0.5

4200

180.0




Time since
~ addition of
Alkali (Min)

pH

Temp

Calcium, Ca
mg/L

Iron, Fe
mg/1.

Copper,Cu
mg/L

Manganese, Mn-

mg/L

Sulphate, SO A
mg/L

WHITES OPEN CUT, SAMPLE

2 METERS FROM THE SURFACE,

TREATED WITH 2.22gm/L CALCIUM

46

70

4760

OXIDE (LIME)

0.0 3.0 5.0
2.8 8.8 9.4
22  24.8

280 1100 1020
82 « 0.5 £ 0.5

< 0.1 <£0.1
5.6 2.1
3560 3160

10.0

3.6

880

< 0.5

< 0.1

<1.0

2700

10.0

960
<0.5

< 0.1

<1.0

1980

10.1

1100

< 0.5

< 1.0

1980



VS

WHITES OPEN CUT SAMPLE
2 METERS FROM THE SURFACE
TREATED WITH 3.33 gn/L LIMESTONE (CaCoy)

Time Since 1.0 2.0 3.0 5.0 10.0 20.0
addition of : '

" Alkali
(in Min)

Depth of 0.3
Clear Soln. )
(cm)

Pulp Density

(dry weight ) = Q.023. grm/crﬁ3
(pulp Volume)

71.0 360.0

1230.00

10.7




WHITES OPEN CUT SAMPLE
2 METERS FROM THE SURFACE
TREATED WITH 4.44 grm/L, LIMESTONE (CaCo)

Time Since 1.0 2.0 3.0 5.0 10.0 20.0 71.0 360.0 1230.00
addition of _

Alkali

(in Min)

Depth of 0.3 0.3 0.3 10.7
Clear Soln.

(cm)

Pulp Density

(dry weight ) = 0.041 grm/cm3
(pulp Volume)




)

WHITES OPEN CUT SAMPLE
2 METERS FROM THE SURFACE
TREATED WITH 6.66 grm/L LIMESTONE (CaCoB)

Time Since 1.0 2.0 3.0 5.0 10.0 20.0 71.0 360.0 1230.00
addition of ' : :
Alkali

(in Min)

Depth of
Clear Soln.
(cm)

Pulp Density
(dry weight )} = 0.067 gr'm/cm3
(pulp Volume)



WHITES OPEN CUT SAMPLE
2 METERS FROM THE SURFACE

TREATED WITH 0.55 gm/1 LIME (Ca0)

Time Since 1.0 2.0 3.0 5.0 10.0 20.0
addition of

Alkali

(in Min)

Depth of . 0.3
Clear Soln.
(cm)

Pulp Density

(dry weight ) = o0.018 grm/cm3
(pulp Volume)

71.0 360.0

1230.00

10.9




WHITES OPEN CUT SAMPLE
2 METERS FROM THE SURFACE
TREATED WITH 1.11 gn/L LIME (Ca0)

Time Since 1.0 2.0 3.0 5.0 10.0 20.0 71.0 360.0 1230.00
addition of ’

Alkali

(in Min)

~ Depth of
Clear Soln.
(cm)

Pulp Density
(dry weight )

3
= grm/cm
“(pulp Volume) 0.012




TN

- WHITES OPEN CUT SAMPLE

2 METERS FROM THE SURFACE

TREATED WITH 2.22 gn/L LIME (CaO)

Time Since 1.0 2.0 3.0
addition of

“Alkali

(in Min)

Depth of 0.6 1.5 1.8

_Clear Soln.

(cm)

(dry weight ) = 0.0064 g‘r‘m/cm3
(pulp Volume) v

5.0

3.7

10.0

5.2

20.0

7.0

71.0 360.0

8.4

8.4

1230.00 .
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CALCIUM CARBONATE

Ca0o
5102
MgO

GARDEN DOLOMITE

Cal
Si0.-

CALCIUM OXIDE

Ca0

MgO

5102

50.7%
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