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1

INTRODUCTION

This Report documents the 2018 Annual Surveillance Inspection carried out at Angas Zinc (AZ)
Tailings Storage Facility (TSF) at Strathalbyn, South Australia. The report also addresses the
performance of the facility during the 2017 calendar year.
The Tailings Storage Facility covered by this report is AZ TSF.
The work was carried out in accordance with ATC Williams Pty Ltd (ATCW) email proposal dated 8
February 2018 and AZ order no. 143948.
The general scope of the work required for the annual audit is documented in the Operation and
Maintenance Manual for the TSF [Ref. 1]. This in turn refers to the recommendations of ANCOLD
[Ref. 2] with regard to the purpose, frequency and reporting of dam surveillance. The report
satisfies the requirements of Section 8 of the Operation and Maintenance Manual [Ref. 1] for the
storage.
This Report has been prepared in accordance with the surveillance reporting requirements of
ANCOLD [Ref. 2] for a Consequence Category of “High C” (refer to Section 2.4).
This is the tenth Annual Surveillance Report for the AZ TSF. The last annual surveillance report
was issued in April 2017 [Ref. 3].
2

GENERAL INFORMATION

2.1

Dam Owner

Angas Zinc Mine and its TSF is owned and operated by Terramin Australia Limited.
2.2

Purpose of Dam

AZ TSF has operated as the primary tailings storage for the Angas Zinc Concentrator (Mill). The
storage was commissioned in July 2008 and was operational until the end of September 2013.
It is understood that the remaining storage capacity of the AZ TSF will be utilised for storage of
the tailings from processing of the ore from Bird-in-Hand gold mine, once operational.
2.3

Dam Details

2.3.1

Location

The TSF is located within the Angas Zinc mine lease boundary, approximately 50 km south-east of
Adelaide near the rural town of Strathalbyn. The site general layout is shown in Figure 1.
The mine office is located at the end of the main access road off the Callington Road. Public
access to the TSF area is restricted by a cyclone fence installed around the mining lease
boundaries.
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2.3.2

Dam Type and Site Description

The storage is formed by a horse-shoe shaped side-slope embankment on the south and two
smaller embankments on the north and east of the storage as shown in Figure 2. The
embankments have been constructed to their full design height at initial construction. In order
to prevent release of contaminants from the tailings storage, the embankment and storage floor
are fitted with an HDPE Geomembrane liner, as well as an extensive internal and foundation
drainage system.
The TSF components are listed below:
•
•
•
•
•
•
•

Tailings Distribution System;
Main Embankment;
Northern Embankment;
HDPE liner System, including:
- Double Liner Leak Detection System;
- Embankment Liner Leak Detection System;
Decant and Return Water System;
Tailings Underdrainage;
Emergency spillway.

The TSF general layout as of 28 February 2018 is presented in Figure 3.
The total tailings storage capacity in the TSF is 1.1 Mm3, which is approximately 2 million dry
tonnes of tailings plus 155,000 m3 of water at the end of TSF life (equivalent to runoff resulting
from an AEP 1:100,000-72hr rainfall event).
2.3.3

Catchment Characteristics

The AZ TSF is an off-stream storage and has a catchment area of approximately 25.6 hectares.
Around 9 hectares of the TSF catchment are within the process plant and site access areas, which
are diverted by the Northern Embankment and the Western diversion bund. The AZ TSF
catchment area is all within the mine site boundaries.
The total tailings surface area is currently 12.5 hectares.
2.3.4

Design and Review Consultants

The overall design of the AZ TSF was prepared by Australian Tailings Consultants (the name was
changed to ATC Williams) of Melbourne. The details of the liner installation were designed by
Fabtech SA as part of a design and construct contract package.
2.3.5

Important Dates

Dates relevant to the design and construction of the AZ TSF are as follows:
•
•
•
•
•
•

Detailed design completed and submitted to PIRSA
Design was approved, and construction started
Construction completed, and report was submitted to PIRSA
Operation and Maintenance Manual Version 1.0 issued [Ref. 4]
Approval by PIRSA and start of operation
Annual Surveillance Report 2009 issued [Ref. 5]
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•
•
•
•
•
•
•
•
•

Annual Surveillance Report 2010 issued [Ref. 6]
Operation and Maintenance Manual Version 2.0 issued [Ref. 1]
Annual Surveillance Report 2011 issued [Ref. 7]
Annual Surveillance Report 2012 issued [Ref. 8]
Annual Surveillance Report 2013 issued [Ref. 9]
Annual Surveillance Report 2014 issued [Ref. 10]
Annual Surveillance Report 2015 issued [Ref. 11]
Annual Surveillance Report 2016 issued [Ref. 12]
Annual Surveillance Report 2017 issued [Ref. 3]

2.4

3 March 2010
13 May 2010
25 March 2011
14 March 2012
14 March 2013
14 May 2014
23 April 2015
31 March 2016
10 April 2017

Consequence Category

The Angas Zinc TSF has been classified as a tailings dam with a Consequence Category of “HIGH
C”, based on the provisions of ANCOLD [Ref. 2]. The classification is based on the population at
risk and environmental consequences of the dam failure.
The documentation pertinent to the determination of the Consequence Category was presented
in the design report [Ref. 13].
2.5

Flood Capability

The TSF has sufficient capacity to store a short term storm event rainfall over the design life of
the structure as the embankments have been constructed to their full design heights at the
beginning. The TSF is currently able to provide around 383,000 m3 of water storage below the
spillway invert level.
2.6

Site Geology and Foundations

The TSF foundation along the northern ridge comprises Tertiary sediments, consisting of layers of
sand, calcareous clayey sand, sandy limestone and some gravel overlying weathered meta
sediment bedrock. These Tertiary sediments have largely been lost to the south (presumably by
erosion) to be replaced by a slopewash covering of colluvial materials that are mixtures in varying
proportions of clays, sands and gravels. They are described as clayey gravelly sands or sandy
clays depending on the quantity of fines (i.e. minus 75 m particles). Occasionally the fines
content is low enough to lead to a silty sand or silty gravel classification.
2.7

Engineering Information

Detailed engineering information pertinent to the geotechnical investigation, design, technical
specification and construction of the Angas Zinc TSF is available in the following reports:
•
•
•
•
•
•

Report on Laboratory Testing of Tailings [Ref. 14]
Supplementary Site Investigation Work [Ref. 15]
Detailed Design Report [Ref. 13].
Technical Specification and Construction Drawings [Ref. 16]
Operation and Maintenance Manual [Ref. 1]
Construction Report [Ref. 17]
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2.8

Surveillance Program

2.8.1

Routine Visual Inspections

Routine inspections of the AZ TSF are specified in the Operation and Maintenance Manual [Ref. 1]
and are required to be conducted on a Daily and Weekly basis. Refer to Section 4.1 of this
Report for a more detailed discussion of these inspections and their implementation.
2.8.2

Monitoring

The AZ TSF design requires that routine monitoring of the storage be conducted. These
requirements are detailed in the Operation and Maintenance Manual [Ref. 1] and include the
monitoring of seepage from the leak detection drains, tailings discharge and level, embankment
settlement, piezometers, and decant pond area and water level.
Further details regarding monitoring, including a review of results obtained thus far, are included
in Section 4.3 of this report.
3

SURVEILLANCE INSPECTION

3.1

Details of Inspection

The Surveillance Inspection was conducted on 27 February 2018 by Miss Rachael
Costa, Experienced Engineer and Mr Gavin Hodges, Senior Geotechnical Engineer both from
ATCW, who were accompanied by Mr Ken McBride, in his role as Site Supervisor for AZ. The
weather on the day of the inspection was sunny becoming windy.
A number of Photographs taken at the time of the inspection are presented in Appendix A.
Individual Photographs are referred to in this report, where appropriate.
3.2

Main and Decant Embankments

3.2.1

Upstream Face

Photographs A1 to Photograph A4 show the embankment upstream slope. The embankment
upstream face was observed to be in generally good condition.
The growth of sparse scrub (similar to the natural vegetation) is observed in various locations.
The decant pond has formed around the decant embankment as shown in Photograph A3 and
Photograph A4. The pond water level was at RL 68.2 m approximately 0.4m lower than that in
March 2017.
No cracking or evidence of embankment deficiencies, i.e. slips, sink holes or subsidence were
observed on the upstream face of the embankment.
3.2.2

Embankment Crest

Photograph A5 to Photograph A8 shows the embankment crest which was observed to be in a
generally good condition.
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Wheel ruts are still present along sections of the upstream and downstream edges of the Main
Embankment crest as observed in 2017 [Ref. 3]. Wheel ruts were also present along sections on
the crest of the Decant Embankment as shown in Photograph A8. The wheel ruts have formed
where pooled water has deposited fines that when driven through have left marks. The wheel
ruts can be removed by grading the embankment crests, the water pooling can be minimised by
creating additional slots through the upstream safety bund and keeping the drainage slots clear.
No other signs of deficiencies were observed in the embankment crest.
3.2.3

Downstream Face

The downstream batter of the Main Embankment was observed to be in generally good condition
as shown in Photograph A9 and Photograph A10. The upper parts of the slope are covered by
mulch and the growth of scrub (similar to the natural vegetation) is evident. Several wellestablished trees/bushes are present along the downstream slope as shown on Photograph A7
and Photograph A10, consideration should be given to removing these trees before they further
grow.
Minor erosion gullies, as a result of rainfall runoff, are evident around the downstream batter
where soil is exposed as previously reported. Nonetheless, these appear to have been stabilised
due to the observed vegetation growth.
No evidence of seepage, cracking or other evidence of embankment deficiencies, i.e. slips, sink
holes were observed on the downstream face.
3.3

Northern and Eastern Embankments

Photograph A11 to Photograph A16 show the batters and crest of the Northern and Eastern
embankments. They were visually inspected and observed to be in generally good condition.
The embankment’s upstream (i.e. internal to the storage) slopes have been essentially covered
by tailings and the growth of sparse scrub (similar to the natural vegetation) is evident on the
embankment’s downstream slopes.
Multiple small animal burrows were present on downstream face of the Northern Embankment
which appears to be limited to the mulch as shown in Photograph A12. No evidence of seepage
or other evidence of embankment deficiencies, i.e. sink holes or subsidence were observed in
either of the embankments.
3.4

Embankment Abutments

The embankment abutments were visually inspected, and no signs of subsidence, erosion,
seepage or cracking were observed.
3.5

Downstream Areas

Photograph A17 presents the general condition of the downstream area of the Northern
Embankment. No signs of subsidence, erosion, cracking and seepage were found in the
downstream area.
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The downstream areas of the Main Embankment are presented in Photograph A18. Similarly, no
signs of subsidence, seepage, erosion or cracking were observed.
There was no visual sign of water emanating within 20m downstream of the embankments, or of
any wet spots.
3.6

Tailings Delivery System

The existing tailings deposition system consists of a rotating multi-point discharge located around
the northern, eastern and western sides of the TSF as presented in Figure 3. Before
decommissioning in September 2013, the discharge was from a single location at any one time.
Photograph A19 to Photograph A26 illustrate the overall view of the tailings beach and decant
pond. No tailings have been discharged into the TSF since the decommissioning in 2013.
However, as reported by the client approximately 5000 cubic metres of sediments has been
placed into the TSF from the Northern Embankment (June 2017).
Photograph A19 to
Photograph A23 show the level of the tailings and the decant pond against the Main and Decant
Embankments.
The oxidation of the tailings surface (i.e. identified by the change in colour) was observed to
cover the entire tailings surface where exposed, as illustrated in Photograph A20.
As previously reported in [Ref. 3] erosion of the tailings surface has occurred from the sprinklers
(not operating at the time of the inspection) used to speed up evaporation of the decant pond.
The erosion gullies remain essentially unchanged, an example of erosion gullies near discharge
point 4 are shown on Photograph A27.
The tailings around discharge points 5, 6 and 7 were still above their adjacent crest levels. As
advised by the client, additional works to lower the tailings level were attempted in January 2018
with a limited amount of progress due to the wet condition of the tailings. Photograph 26 shows
the current condition of the lowered tailings beach at discharge point 6.
Further assessment of the tailings deposition system is discussed in Section 6.2 of this report.
The tailings delivery pipeline and the spigots were found to be in generally good condition. No
signs of leakage, damage or movement were identified at the time of the inspection.
3.7

Decant Return System

The decant pond and pontoon pumps (service pump installed mid-2011 and back-up installed
mid 2016) are presented in Photograph A21. Neither of the pontoon pumps were operating at
the time of the inspection. It is understood that the decant pond has a low pH causing the pumps
to cease operating. The low pH water is clearly contained in the TSF as the pH in the seepage
water and ground water monitoring bores remain near neutral.
The original decant system shown in Photograph A28 is not currently operational due to a
blockage in the decant pipe which occurred in 2009-2010 (exact timing is unknown), as first
reported in [Ref. 7]. The top lid was at around 3.4m above the decant pond water level at the
time of the inspection.
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A decant well (slotted and surrounded with free draining filter zones) is located in the middle of
the decant embankment allowing free drainage of the decant water and tailings pore water into
the well as presented in Photograph A29. A pump at the bottom of this well is used to remove
the seepage water, which currently flows down the decant chute via a single pipe as illustrated in
Photograph A28. The access staircase was wet and discoloured from about two-thirds up, due to
an apparent leak in the decant chute. At the time of the inspection the water level in the well
was reported to be at the same level as the decant pond (RL 68.2m). This indicates that the
pumping rate from the decant well is less than the seepage rate into the well. A larger pump
needs to be employed to ensure that the water level in the decant well is kept to as low as
possible at all times. This would allow the tailings under drainage pipe/outlets that are located
at the bottom of the decant well to remain operational. It would also be important to ensure that
the pumped water from the decant well is contained within the decant chute and it does not
result in the surface erosion of the decant embankment.
The top section of the decant well is illustrated in Photograph A30. As first reported in 2014
[Ref. 10] minor cracks have formed on the surrounding concrete slab which is believed to have
been caused by differential settlement of the underlying soil due to uneven loading by a crane
employed to service the pump and associated pipeline. The cracks remained virtually unchanged
since the 2017 inspection and are not considered a cause for concern.
As advised by Angas Zinc Mine, during 2017 the mechanical pumps were placed on the tailings
beach west of the decant pond Photograph A31, these pumps are used for recirculation of water
and in the sprinkler system. The system was not operational at the time of the inspection.
3.8

Liner System

A small area of the liner system on the western side of the TSF is currently exposed, with the
remainder now covered by tailings as shown in Photograph A32. On the day of inspection, it was
windy with air appeared to be lifting sections of the exposed liner creating raised undulations as
shown in Photograph A33. The liner system (where exposed) was found to be in generally good
condition. This area should continue to be cleared of any gravel and cobbles or any items that
may damage the liner.
3.9

Seepage/Leakage Inspection Pit

The location and details of the leak detection system are presented in Figure 4.
The liner seepage collection pit is illustrated in Photograph A34, which was found to be in
generally good condition. A small pump with a floating actuator, shown in Photograph A35 had
been replaced the day prior to the inspection. The pump is used to return the accumulated
seepage water back to the dam via a 50 mm HDPE pipe. Flow is manually measured in each of
the five seepage collection drains as part of the weekly inspections currently conducted
fortnightly as discussed in Section 4.1.3.
Photograph A34 shows all of the pipe (drains) collecting leaks through the liner system, these
were found to be in generally good condition and operational.
At the time of the inspection, the concrete slab around the outside of the seepage collection pit
was wet as seen in Photograph A34 and Photograph A35. As reported by the client this was due
to the fitting of the pump breaking whilst the shed was being cleared of spiders prior to the
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inspection. The pump was inoperative for less than four hours whilst a new pump was sought and
installed, during this time the capacity of the seepage collection pit was not reached.
No signs of cracking, erosion or other signs of poor drainage were identified in the seepage
collection pit.
At the time of the inspection, the combined seepage rate from pipes/drains 1, 2, 3, 4 and 5 was
around 1.18 lit/min.
The available records of seepage rates since the start of operations are reviewed and further
discussed in Section 4.3.4.
3.10

Runoff Diversion Bund

The runoff diversion bund on the western side of the TSF was found to be in generally good
condition as shown in Photograph A36 and Photograph A37.
The main purpose of the bund is to divert runoff from part of the upstream catchment area on
the north-west side of the TSF.
3.11

Emergency Spillway

The emergency spillway was observed to be in a generally good condition, as presented in
Photograph 38 to Photograph 40. A thin layer of sediments has covered the base of the
spillway. This is believed to have been transported by the surface runoff diverted by the
diversion bund into the spillway. The growth of scrub (similar to natural vegetation) is observed
in the base and on the batters of the spillway.
Photograph A40 presents the spillway outlet spoon drain, which was observed to be in generally
good condition.
No evidence of obstruction, erosion, cracking or side slope failure was identified in the spillway
channel at the time of the inspection.
3.12

Monitoring Installations

Survey monuments were installed in January 2009 at locations (shown in Figure 5) on the
upstream side of the crest. They are formed by two horizontally placed car tires filled with
concrete, as illustrated in Figure A41.
Survey monuments have been periodically monitored since October 2011. The records will be
discussed in Section 4.3.2.
The Survey Settlement monuments were found to be in generally good condition with the
exception of S15 which has been moved/ damaged.
The monitoring bores (MB) were installed on the Main Embankment crest to detect the
development of a phreatic (seepage) surface within the embankment, as shown in Figure 5.
The dislocated monitoring bore MB6 reported first in 2013 surveillance report [Ref. 9] has not
been reinstated. Given that the TSF is not currently operational and the decant pond is well
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within the design boundaries, reinstatement of MB6 is not required until after re-commissioning
of the TSF for storage of the Bird-in Hand Gold tailings.
With the exception of MB6 the monitoring bores were observed to be in generally good condition
and dry, as illustrated in Photograph A42.
No sign of damage or other deficiencies to the borehole cover were observed.
3.13

Sprinkler System

Sprinklers have been installed on the southern, northern and western sides of the TSF within the
lined area to assist with the evaporation of water stored in the TSF. The sprinkler system was
not operating at the time of the inspection; the client suggested that they would be back in
operation next month before the wet season. The returning water to the decant from the
sprinklers in the past has created erosion gullies in the tailings beach. The creation of erosion
gullies from the sprinklers is detrimental especially along the Main Embankment upstream toe, as
shown in Photographs A43 and A44. When the sprinklers are returned to service they should be
operated in such a manner that runoff/return water is limited/avoided.
No sprinklers should at any time operate over the upstream slope of the Main Embankment.
4

REVIEW OF SURVEILLANCE PROCEDURES

4.1

Routine Inspections

4.1.1

General

Routine Inspection procedures for the mandatory surveillance of the AZ TSF are specified in the
Operation and Maintenance Manual [Ref. 1]. The inspection requirements are as follows:
•
•

Daily Routine Inspections – relating to the daily operation of the AZ TSF, and
Weekly Routine Inspections – relating to issues which may develop over time and impact
on the safety of the AZ TSF or the environment.

Typical completed weekly inspection forms are included in Appendix B.
4.1.2

Routine Daily Inspection and Reports

Until the decommissioning of the mill the Shift Manager was responsible for the management of
daily inspection and reporting. Daily inspections commenced in July 2008, shortly after mill
start-up, and after finalisation of the Operation and Maintenance Manual [Ref.1]. The AZ Site
Supervisor is currently responsible for the daily inspections.
A small number of daily inspections (approximately 2.5% percent) have not been carried out in
2017. Since no tailings are currently discharged into the TSF, the only area that requires daily
inspection is the seepage collection system. This is to ensure that no water from the seepage
collection pit is released (i.e. due to pump or pipe failure) to the downstream areas. Otherwise
no detail daily inspections are required until re-commissioning of the TSF.
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4.1.3

Routine Weekly Inspection and Reports

The AZ Site Supervisor is currently responsible to carry out the weekly inspections and reporting.
As indicated in the 2017 surveillance report [Ref. 3] the frequency of the inspections has been
reduced to fortnightly, as the TSF is not currently operational. The reports were reviewed as
part of the annual surveillance inspection and were found to be generally completed with good
attention to details. There were 27 reports available for review. It is important that fortnightly
(weekly) inspections are carried out in accordance with the operation and maintenance manual
[Ref. 1] until the TSF is adequately closed and rehabilitated.
4.1.4

Annual Inspection and Report

The previous annual inspection report was carried out by Mr Gavin Hodges of ATC Williams on
2 March 2017. The inspection report was issued in March 2017 [Ref. 3]. The findings,
recommendations and subsequent corrective actions are summarised below: Outstanding issues and/or recommendations
i) The decant pond area should be kept to the minimum possible and shall not exceed
15,000 m2 for more than 180 days;
ii) The water level in the decant well should be kept as low as possible at all times;
iii) The tailings level at discharge no. 6 and other locations which previously have exceeded
the design level should continue to be lowered when safe to at least 0.5 m below the
adjacent embankment crest level;
iv) Monitoring bore no. 6 and damaged survey monument (S7 and S15) should be reinstated,
once the TSF is re-commissioned; and
v) The discharge from the sprinklers shall be adequately managed to prevent erosion of the
tailings surface,
Items (i and ii) continue to be addressed.
Item (iii) was partially addressed since the previous inspection in 2017 [Ref. 3]. However, the
tailings level still exceeds the design level at discharge no. 6 and other locations. It has been
reported that progress has been restricted based on the tailings surface not drying out
sufficiently to allow excavator access.
Neither monitoring bore no. 6 nor the damaged survey monuments (item iv) have been
reinstated. These are not required at this stage as the TSF is not currently operational.
Item (v) is not applicable while the sprinklers are not operating however when the sprinklers are
operating they are required to be adequately managed to prevent erosion of the tailings surface.
4.2

Non-scheduled Inspections & Corrective Action

There were no events during the course of the year which warranted a non-scheduled inspection,
and none were conducted.
No incident has been reported.
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No issues arose which required the initiation of emergency response procedures.
4.3

Monitoring

4.3.1

Overview

Routine monitoring of the AZ TSF has been carried out since July 2008 in general accordance with
the requirement of the Operation and Maintenance Manual.
•

Tailings Discharge Tonnes – This is discussed in Section 6.2 of this Report.

•

Tailings Surface Level – tailings levels near the decant chute have not been recorded due
to the presence of water in the TSF. A survey of the tailings beach and decant pond was
carried out in February 2018. This together with other filling data, are discussed further in
Section 6.2 of this report.

•

Pond Water Management – the records of pond level, area and volume are reviewed and
discussed in Section 6.2 of this report.

•

Settlement/Movement Monitoring – periodic survey readings have been taken since
November 2011. These are reviewed and discussed in Section 4.3.2.

•

Monitoring Bores and Ground Water Bores – the monitoring bores installed on the Main
Embankment crest have been reported to be dry since their installation in May 2008 as
expected. Records of the water quality and levels in the ground water bores downstream
of the Main Embankment are reviewed and discussed in Section 4.3.3.

•

Measurement of Seepage from Leak Detection Drains – variations in the rate of seepage
through the primary liners into the leak detection drains are reviewed and discussed in
Section 4.3.4.

4.3.2

Movement Monitoring

Figure 5 shows the location of the fifteen settlement/movement monuments (S1 to S15) installed
on the embankments. The available records since installation of the new survey pins in October
2011 were reviewed. Records are available for every month in 2017 except for movement
monument S14 in April and May.
The crest vertical displacements are presented in Figure 6 and Figure 7 for the main and
northern embankments respectively.
S7 and S15 have been damaged by earthwork equipment (i.e. grader, water cart etc.) used for
resurfacing/grading of the embankment crest and hence are not discussed.
Reference to Figure 6 indicates that the crest settlement essentially fluctuates within a 20mm
range over the course of 2017, in line with the previous observations presented in the 2017
surveillance report [Ref. 3]. This is believed to be due to the level of accuracy in surveying (i.e.
problem in reference datum etc.) and not the actual change in the levels as previously reported.
Similar fluctuations are also observed in the vertical displacements of the movement monuments
on the northern embankment crest, as shown in Figure 7.

March 2018

Page 11 of 17

105032R20 DRAFT

It should be noted that the purpose of the survey monuments is to detect long term deformation
patterns. At this stage the accuracy of the available data is considered adequate to suggest that
no consistent long term patterns of major deformation/settlement in the embankment.
However, surveying must be referenced to a stable reference datum and great care must be
taken to ensure stability of reference datum. Efforts should be made to prevent any movement
of the monuments by external means (i.e. earthwork equipment etc.).
4.3.3

Monitoring of Ground Water Bores

Four ground water monitoring bores, numbered as TSF A to TSF D, are located in the downstream
area of the Main Embankment as shown in Figure 5. These were installed in June 2008 to
monitor the variations in ground water level.
The ground water bores coordinates together with their latest records (December 2017) are
summarised in Table 1.
TABLE 1: GROUND WATER MONITORING BORES- DECEMBER 2017 RECORDS
Bore
TSF A/G2
TSF B/G1
TSF C/G3
TSF D/G4

E

N

310552
310556
310474
310857

6096358
6096353
6096519
6096444

Surface RL
(m)
56.5
56.5
65
58.5

Water Depth Below
Surface (m)
5.59
5.31
18.59*
6.63

Water
RL (m)
50.91
51.19
46.41*
51.87

* May 2010 Record
Bores TSF B, C and D are shallow (depth of up to 20m) and monitor the water level in the upper
part of the TSF foundation. Bore TSF A monitors the water level (pressure head) in the lower
aquifer at a depth of around 50 m below the surface. The bores are monitored by AZ on a
monthly basis.
The ground water levels are presented in Figure 8, in terms of depth below ground level versus
date. The variation of the pond water level is also plotted for comparison. As can be seen the
variation in ground water depth has been independent from the changes in the TSF pond level. In
other words, the pond water has been fully contained by the liner system and no measurable
seepage/leakage has occurred from the TSF to the ground water. Bore TSF C has been dry since
May 2010.
The water level in monitoring bores TSF A, TSF B and TSF D currently ranges from RL 50.9m to
RL 51.9m.
Similarly, concentrations of lead, zinc, cadmium, arsenic and iron in the ground water bores have
been compared with those in the decant pond, as illustrated in Figures 9 to 13 respectively. As
the upper aquifer should be affected first (i.e. located immediately below TSF) if there has been
any leak from the TSF, only bores B, C and D are considered. It is evident that despite high
concentrations of these elements in the decant pond the levels in the monitoring bores remain
unaffected. It should be noted that the concentrations in the decant pond have been plotted on
the secondary axis as they are significantly higher than those in the monitoring bores and could
not be adequately presented otherwise (i.e. due to scaling).
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Reference to Figure 11 indicates the concentration of Cadmium has spiked in bores TSF B and
TSF D in January 2018. The level should be closely monitored to see if it returns to normal
historic levels within the next few months. Multiple spikes in the decant pond Cadmium
concentration have not had any impact on the levels in the aquifer and based on the available
records this spike is considered to be an isolated event and independent of the variation in the
decant pond.
The increase in concentration of arsenic in TSF D which was initially reported in the 2015 audit
[Ref. 11] has fluctuated at levels observed since monitoring began in 2008 excluding the spike
between July 2014 and February 2015. Notwithstanding, the arsenic levels in TSF B and TSF D
fluctuate throughout the course of 2017. Figure 12 indicates that these fluctuations are
independent from the arsenic concentration in the decant pond. It appears that the arsenic level
in the monitoring bores fluctuates due to seasonal rainfall events regardless of that in the decant
pond.
4.3.4

Monitoring of Seepage from Liner System

Figure 14 shows the variations in seepage rate over time for the leak detection drains 1 to 5.
The variation of the pond water level is also plotted for comparison. The locations of the drains
are presented in Figure 4.
Reference to Figure 14 indicates that seepage from Drains 3 to 5 has been negligible since
October 2013.
The seepage rate from Drain 1 has essentially followed the trend of the decant pond water level
until March 2014 but is currently negligible.
Seepage rate from Drain 2, collecting leaks through the primary liner from the lower half of the
eastern side of the Main Embankment, has been essentially constant since February 2017.
The total seepage into the inspection pit is currently around 1.2 lit/min which is 0.2 lit/min more
than the rate measured in January 2017. The total seepage is currently well below the pump
capacity.
The seepage water has been essentially neutral and clear with its pH generally fluctuating
between 7.2 and 7.5 with a mean value of roughly around 7.35.
5

OPERATION, MAINTENANCE AND EMERGENCY MANAGEMENT

An Operation and Maintenance Manual for the AZ TSF [Ref. 1] has been in use since July 2008.
This manual was compiled and issued by ATC Williams, in accordance with the ANCOLD (2003)
Guidelines on Dam Safety Management [Ref. 2] and PIRSA guidelines [Ref. 17].
The Manual is a controlled document with the current version being 105032R09 Rev.2 [Ref. 1].
Given the AZ TSF is not currently operational (decommissioned) the Manual may be updated to
revise the requirements for monitoring and surveillance activities.
A Dam Safety Emergency Plan (or Emergency Response Plan, ERP) for the TSF is contained in the
Operation and Maintenance Manual.
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6

REVIEW OF DAM STATUS

6.1

TSF Operation

On the basis of the surveillance inspection and a detailed review of all inspection and monitoring
data, it is considered that the Angas Zinc TSF is being operated, inspected and monitored in
general accordance with the requirements of the Operation and Maintenance Manual [Ref. 1].
Full compliance is yet to be achieved by lowering the tailings beach level at the discharge
locations, which is higher than the design level.
6.2

TSF Performance

6.2.1

Filling

Mill records indicate that a total of approximately 1,320,000 tonnes of tailings has been
discharged into the TSF since the start of operation in July 2008 and until 30 September 2013
(end of mill operation). A further 500 tonnes of waste including sediments cleared out from the
site sump drain were deposited into the TSF in June 2017. The “As Constructed” survey of the
TSF together with the February 2018 survey of the tailings beach and decant pond have been the
basis of the volume calculations presented here.
The total tailings volume stored in the TSF is estimated to be around 728,000 m3 resulting in an
overall density of 1.8 t/m3 for the tailings which is the same as that initially adopted for the
design of the TSF. An additional 5,000 m3 of sediments (silty material) was dumped off the
Northern Embankment into the TSF in June 2017.
6.2.2

Pond Water

The decant pond area is currently below the compliance area of 15,000 m2. In accordance with
the operation and maintenance manual [Ref. 1]. The decant has formed almost uniformly around
the decant embankment, as shown in Figure 3. The decant pond water level was at RL 68.19 m
and the pond surface area was approximately 9,400 m2 at the time of the survey on 28 February
2018. The volume of water is estimated to be approximately 6,800 m3 showing a significant
decrease since March 2017.
In one of the fortnightly (weekly) inspections on 7 September 2017; it is noted that the pond is
larger than the target area of 15,000 m2. On this occasion the area was lowered to 15,000 m2
before the next inspection. The decant pond area shall not exceed 15,000 m2 for a period of
more than 180 days in accordance with the operation and maintenance manual [Ref.1].
6.2.3

Tailings Deposition

As the tailings dam has been inactive since October 2013 no tailings deposition occurred during
the 2017 calendar year.
6.3

Status of AZ TSF

On the basis of observations made and documentation studied during the Surveillance Inspection,
as well as a detailed review of the documentation referenced elsewhere in this report, it is
concluded that the AZ TSF does not present an immediate risk to the safety of the personnel,
downstream population, or the environment.
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The following non-conforming issues and/or recommendations should be appropriately addressed:
•
•
•
•
•

The decant pond area should be kept to the minimum possible and shall not exceed
15,000 m2 for more than 180 days;
The water level in the decant well shall be kept to as low as possible at all times. A higher
pumping rate is required from the decant well to ensure this objective is met;
The tailings level at discharge no. 6 and other locations which previously have exceeded
the design level should continue to be lowered (when safe) to at least 0.5 m below the
adjacent embankment crest level; and
Monitoring bore no. 6 and damaged survey monuments (S7 and S15) should be reinstated,
once the TSF is recommissioned.
Repair leakage from the decant chute to minimise the risk of surface erosion of the
decant embankment slope.

7

CLOSURE

This report has presented the Surveillance Report for the performance and operation of the Angas
Zinc Tailings Storage Facilities during the 2017 calendar year. The documents have been
prepared in accordance with the ANCOLD Guidelines on Dam Safety Management [Ref. 2].
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PHOTO A1 – Upstream Face of Main Embankment (Western Arm)

PHOTO A2 – Upstream Face of Main Embankment (Eastern Arm)

PHOTO A3 – Decant Embankment (Eastern Slope)

PHOTO A4 – Decant Embankment (Western Slope)
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PHOTO A5 – Crest of Main Embankment (Western Arm)

PHOTO A6 – Crest of Main Embankment (Eastern Arm)

PHOTO A7 –Downstream edge of Main Embankment Crest (Western Arm)

PHOTO A8 – Crest of Decant Embankment, Return Water Pipelines
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TREES / BUSHES

PHOTO A9 – Downstream Face of Main Embankment (Eastern Arm), Looking East

PHOTO A10 – Downstream Face of Main Embankment (Western Arm), Looking North-West

PHOTO A11 – Downstream Face of Northern Embankment (Looking East)

PHOTO A12 – Small Hole in Downstream Face of Northern Embankment (Animal Burrow)
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PHOTO A13 – Crest of Northern Embankment (Looking West)

PHOTO A14 – Upstream Face of Northern Embankment (Looking East)

PHOTO A15 – Downstream Face of Eastern Embankment (Looking South)

PHOTO A16 – Crest of Eastern Embankment (Looking North)
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PHOTO A17 – Downstream Area of Northern Embankment (RO Plant)

PHOTO A18 – Downstream Area of Main Embankment
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PHOTO A19 –Tailings Beach, Decant Pond and Main Embankment – Western Arm)
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PHOTO A20 –Tailings Beach, Decant Pond and Main Embankment – Eastern Arm)

PHOTO A21 – Overall View of Tailings Beach and Decant Pond (View from Main Embankment) with close-up of Pontoon’s
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PHOTO A22 – Overall View of Tailings Beach (View from Western side of Decant Embankment)

PHOTO A23 – Overall View of Tailings Beach (View from Eastern side of Decant Embankment)
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PHOTO A24 – Overall View of Tailings Beach (View from Northern Embankment)

RECENTLY PLACED WASTE
(JUNE 2017)

PHOTO A25 – Overall View of Tailings Beach (View from Northern Embankment)
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PHOTO A26 – Overall View of Tailings Beach (View from Discharge Point 6 Eastern Embankment)

PHOTO A27 – Erosion Gullies in Tailings Beach near Discharge Point No. 4

PHOTO A28 – Decant Chute and Access Staircase (Scale and Tailings in Decant Chute)
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PHOTO A29 – Inside Decant Well (Looking Down)

PHOTO A30 – Decant Well -Top Section (Differential Settlement in Concrete Slab)

PHOTO A31 – Water Circulation/Sprinkler System Pumps Western Arm of the Main Embankment

PHOTO A32 –Pipelines and Water Sprinklers over HDPE Liner (Western Side of TSF)
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DRAIN #4

DRAIN #3

DRAIN #5
DRAIN #2

DRAIN #1

PHOTO A33 – Undulations in HDPE Liner (Western Side of TSF)

PHOTO A34 – Seepage Collection/ Inspection Pit

SEEPAGE RETURN PUMP

PHOTO A35 – Seepage Return Pump

PHOTO A36 – Runoff Diversion Bund Looking South
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PHOTO A37 – Runoff Diversion Bund at Spillway Invert Level (Looking North)

PHOTO A38 – Spillway Invert (Looking Downstream)

PHOTO A39 – Spillway Outlet Crossed by Main Embankment Access Ramp (Looking North)

PHOTO A40 – Spillway Outlet Spoon Drain

9 March 2018
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PHOTO A41 – Survey Monument No. 7 (S7)

PHOTO A42 – Monitoring Bore No. 2 (MB2)

PHOTO A43 – Tailings Erosion from Water Sprinklers East of Decant

PHOTO A44 – Tailings Erosion from Water Sprinklers East of Decant

APPENDIX B

ANGAS ZINC MINE
TERRAMIN

TAILINGS STORAGE FACILITY

AUSTRALIA LIMITED
FORTNIGHTLY INSPECTION CHECKLIST
Inspected by: Ken McBride
Date

(10

V\ ork Order No:

s

Safety Notes:
- Any defects that are found during inspections, especially those causing a safety hazard, should
be fixed immediately either by removing the hazard or guarding against it. Any defects that
cannot be fixed should be noted on the work order, and reported to the
Operations Superintendent (Ken McBride) for action.
The Dam Design Engineer can be contacted for guidance by calling 03 8587 0900
Further details may be obtained from the Operation & Maintenance Manual - Section 7
Carry out the following work items, noting their status as per the following code:
A = Completed, no problems found
B = Completed, problems rectified
immediately.

C = Completed, problems noted, further repairs
required.
U = Uncompleted, still to be done.

Review of Daily Inspection Checklists
Code

n

Work Item

Comments

Review all of the Daily Inspection Checklists completed by Mill personnel during
the previous week, noting any areas of concern.

Checking for Stability, Cracking, Erosion, Poor Drainage, Wet Spots & Seepage
Code

0
‘,A.._

4
0

Work Item
Visually inspect the embankment faces to check for sections which have
slipped, slumped or eroded.

Comments

Visually inspect the embankment crests and batters to check for cracking,
slumping, erosion, seepage and wet spots.
Walk the north side of the Tailings Storage Facility along the tailings pipeline
route and look for signs of cracking, slumping, erosion and other sign of poor
drainage.
Check pipeline for leaks and damage.
Walk the downstream side of the embankment crest, checking the downstream
slope. Look for signs of cracking, slumping, erosion, poor drainage, wet spots
and seepage.
Check the general area downstream of the Northern, Eastern and Main
Embankments for seepage including wet areas, the formation of a salt crust,
boggy ground or other water flows.

Checking Emergency Spillway
Code

)5/2010

Work Item
Check the spillway for obstructions or side-slope failure which could
inhibit flow
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Comments

Checking Runoff Diversion Bund
Code

Work Item

Comments

Check the entire length of the bund for signs of cracking, slumping erosion and
blockage.

Checking Drainage Inspection Pit
Code

a

Work Item

Comments

Check the drainage inspection pit for signs of cracking, erosion and other
sign of poor drainage and seepage.
If there is any seepage, record the clarity and rate of seepage of water
exiting each leak detection pipes (Refer Figure 9.1 of O&M Manual).
Drain
No.
1
2
5
3
4

Area Covered

outer eastern arm of main
embankment
inner eastern arm of main
embankment
double liner area
inner western arm of main
embankment
outer western arm of main
embankment

Flow
(lit/min)

Clarity

'

pH

Sample Taken

......----

1'0
0 •0
-----

_

Checking Tailings Beaching and Decant Water

f._

Check the general condition of the tailings beaching and decant water
development and arrange for modifications of the spigot operation where
required.
Check the tailings level at the decant chute to ensure that it is maintained
below the decant chute invert level. The aim is for-

- Tailings level

• Clear water to be available in the pond and the overall depth of

n

water to be maintained at a minimum practical level.
• Preventing tailings from entering into the decant chute.
Is clear water present in the decant pond?
Is there a need for installation of additional culvert lids?
Approximate Area
Is the decant pond area above the 15000 m2 limit?

p

The area shall be approximated from the survey markers installed
upstream of the Main Embankment.
Water level should be read of the markers installed on the side of decant
culvert.

Checking Tailings Level

Check the tailings level to ensure that it is maintained below the liner level.
Check that tailings surface appears evenly distributed from north to south.
Make a note of any adjustments to the spigots operation required.
Checking Monitoring Installations

Check the monitoring bores for damage to borehole covers or collars.
Check the settlement monitoring points for damage or erosion.
)5/2010
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Water level
0 0• ) CA

Checking Pumps and Pipeline
Check decant and seepage return water pumps and pipelines for leaks or damage.,

Checking Access Roads and Signage
Check condition of haul roads, access roads and pipe tracks for erosion,
trafficability and general safety.
Check that signage is in place & legible.

Date of Issue: May 2010

)5/2010
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