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4.2.10Operational t the design stage, the DSC requires designers to specifically
Requirements outline all designer requirements for operation and response
actions that must be met to ensure the ongoing safety of the dam.
Criteria for mechanical and electrical works (including pumps) should
also be specified and align with the considerations set out in the
DSC’s Guidance Sheet on General Dam Safety Considerations -
DSC3G. Designers’ operational requirements are to be highlighted
in the Operation and Maintenance Manual prepared for each tailings
dam.

4.2.11Upstream / hile upstream tailings dams can be the cheapest method of
Centre Lift construction, they require the highest level of operator skill and
Tailings Dams  ;nor diligence in order to maintain their stability. They also need to
be subject to strict design and operational constraints to ensure their
ongoing safety. The DSC has identified several particularly critical
issues, which require an appropriate minimum standard of design
(and operation) to satisfy the DSC’s requirements for this type of
dam, as follows:

* A separate geotechnical report should be prepared,;

» Results of a flownet analysis, detailing all assumptions, should
be undertaken;

s Operating pond levels and trigger levels, which signal “unsafe”
phreatic surfaces, should be determined and documented;

s Tailings discharge requirements for safe operation of the dam
should be established;

s A planned, and safe maximum, rate of rise of the dam should be
determined;

* Design parameters, values and requirements for seepage
control, should be assessed and documented;

s Specifications for  surveillance (including monitoring
instrumentation) should be determined and outlined; and

s A conceptual rehabilitation plan should be prepared.

New dams should have either a suitably permeable foundation or an
upstream drainage blanket. If this requirement is not met for existing
dams then the Operational Pond Limit should be determined by
flownet analyses based on measured permeability values. In the
absence of a flownet analysis, or underdrainage system, the DSC
will require that the operational pond not approach closer to the
embankment than a distance which is 10 times the height of the
embankment.

Flood handling capabilities of these types of tailings dams are
particularly crucial for their long term safe operation and they should
meet the criteria specified in Table 3.

The rate of rise of an upstream or centre-lift dam should not exceed
5 m per year. Proposals to exceed this rate should consider a total
stress stability analysis and must incorporate additional monitoring
aimed at fully understanding the pore pressures being developed in
the dam.
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4.3 Construction whers of all prescribed tailings dams are required to comply with
the provisions of the pertinent chapters of the ANCOLD
Guidelines on Dam Safety Management — August 2003, and
ANCOLD Guidelines on Tailings Dam Design, Construction and
Operation — 1999 which have been adopted by the DSC.

The DSC requires dam designers to be integrally involved during the
construction of tailings dams and to approve any design changes
made during construction. This involvement is to be signed off
formally by the Owner’s representative in a Construction Certificate
to be provided to the DSC at the end of each stage, and conclusion,
of construction. WWork-As-Executed Drawings and a Construction
Report are to be provided to the DSC at the same time (refer
pertinent sections of DSC Guidance Sheets DSC2A, DSC2B and
DSC3G for details).

4.4 Operation, wners of all prescribed tailings dams are generally required to
Maintenance meet, in full, the provisions of the DSC's Guidance Sheets
and DSC2F, DSC2G and DSC3G. These requirements are in line with

Emergency the pertinent chapters of the ANCOLD Guidelines on Dams Safety

Management  Management — August 2003, and ANCOLD Guidelines on Tailings
Dam Design, Construction and Operation — 1999 which have been
adopted by the DSC, subject to the following qualifications:

* Since operational rules are important for the ongoing safety of
tailings dams, an Operation and Maintenance (O&M) Manual is
to be compiled, normally prior to commissioning of a tailings
dam. The exception to this requirement is for upstream and
centre lift construction tailings dams where, as a minimum, the
Operational Management Section of the Manual is to be
forwarded at the design stage for DSC consideration. This action
is required for these types of dams as design operational rules
are crucial to their ongoing safety;

* Operational Management Plans within the O&M Manual should
specifically highlight all designer requirements for operation and
response actions that must be met to ensure the ongoing safety
of the dam. The O&M Manual should specify all requirements for
operators and the minimum level of operator training with
alternatives (e.g. consultant assistance) whenever these levels
are not available;

¢ Operation and Maintenance Manuals for tailings dams are to be
updated at least every two years with the updated copies
forwarded to the DSC for its information;

s The DSC requires a Dam Safety Emergency Plan (DSEP) to be
prepared for prescribed tailings dams where non-itinerant
persons could be at risk. The DSEP is to include an appropriate
dambreak study with the conservative assumption of liquid
tailings flow in the event of dam failure (refer DSC2G for details);

s The DSC requires a modified DSEP to be prepared for all other
prescribed tailings dams (refer DSC2G for details);
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4.5 Surveillance

BIG ISLAND MINING PTY LTD
Dargues Gold Mine

» DSEPs are to emphasise planning and strategies to minimise
dam failure impacts on the surrounding environment. DSEPs are
to be forwarded to the DSC for its consideration before
commissioning of tailings dams. DSEPs are to be updated
annually with pertinent update sections forwarded to the DSC for
its information.

wners of all prescribed dams are required to meet in full the

provisions of the DSC’'s Guidance Sheet on Surveillance
Reports for Dams - DSC2C. These requirements are in line with the
pertinent chapters of the ANCOLD Guidelines on Dam Safety
Management - August 2003, which have been adopted by the DSC.
They recommend that dam owners undertake comprehensive
inspections on initial dam filling, and thence on a five yearly basis,
with intermediate inspections undertaken usually on an annual basis.
Routine inspection and monitoring of the dam is to be undertaken by
trained staff, with overall DSC surveillance requirements as set out in
Table 4, which is adapted from the ANCOLD Dam Safety
Management Guidelines - 2003.

TABLE 4 - TAILINGS DAM SURVEILLANCE CRITERIA

Sunny Day Consequence Low | Significant | HighC High B High A/
ategory Extreme
Comprehensive Inspections 5yr Syr 5yr Byr Syr
Intermediate Inspections 2yr Annual Annual Annual Annual
Routine Inspections Monthly Weekly Tri- weekly | Daily to Tri-weekly Daily
Rainfall Monthly Weekly Tri- weekly | Daily to Tri-weekly Daily
Pond Level Monthly Weekly Tri- weekly | Daily to Tri-weekly Daily
Seepage — rate Monthly Weekly Tri- weekly | Daily to Tri-weekly Daily
Seepage - chemistry analysis Consider Annual Annual Annual
Pore Pressure Consider 3 Monthly Monthly Monthly Monthly
Surface Survey1 Consider 2yr Annual Annual Annual

Note 1 For compacted dams on solid foundations - (more frequent survey required for lightly compacted
dams and dams on compressible foundations).

The DSC requires all prescribed dam owners to submit the results of
their comprehensive inspections in Surveillance Reports to the DSC
(refer DSC2C for details). For water supply dams, the DSC does not
require the submission of intermediate reports and they are usually
incorporated into the normal Surveillance Reports for dams.
However, due to the normally dynamic nature of tailings dams, the
DSC requires the owners of tailings dams to submit the results of
their intermediate inspections in reports for the DSC's consideration.

For dams requiring Type 1 and 2 Surveillance Reports, these
intermediate reports should be prepared by a suitably qualified
engineer, and cover the same surveillance issues addressed in five
yearly Surveillance Reports, including updates on operations and
programming, but need not be as detailed (e.g. not include a long-
term review of surveillance data) as the review requirements for
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Surveillance Reports (see attached DSC Form D19 for report
checklist). Owners of other prescribed tailings dams are to submit
their intermediate inspection reports in the format of Type 3
Surveillance Reports.

The following specific issues should be considered and reported to
the DSC, where appropriate:

* Groundwater monitoring with special emphasis on the
environmental impacts of the tailings dam on groundwater;

» Seepage monitoring, both visual observations and seepage
measurement is required as a minimum; and

+ Chemical analysis of seepage water with reference to changing
chemical and

* physical characteristics of the flow.

In view of the short term nature of mining operations, it is essential
that dam owners conform to the report process and the required
deadlines for submissions. Failure to do so could result in delays of
approvals to proceed with construction and operational activities,
with consequent interruptions to the mining operation.

In ensuring effective surveillance of tailings dams, the owners are
required to select suitable operational staff and arrange for their
training in the areas of dam safety management with regular
refresher courses to keep operators up to date with current
practices. As part of that training, operators should be capable of
recognising abnormal conditions and circumstances that could affect
the safety of their dams and be able to institute appropriate actions
including when to call for more expert assistance.

Incident Reports of any events threatening dam safety, including
their inspection, assessment and remedial action / control details,
are to be forwarded at the earliest opportunity for the DSC’s
consideration (refer DSC2A for details).

he decommissioning of tailings dams raises issues that are not

faced in the decommissioning of other dams. The DSC notes
that it is often necessary to undertake site rehabilitation and long
term monitoring of decommissioned dams. Dam owners are
required to advise the DSC of their strategies in this regard at the
initial design stage for the dam to enable assessment of the long
term feasibility of design options. Dam owners are also required to
submit their final decommissioning proposal for the DSC's
consideration prior to implementing their decommissioning
processes.

In particular, the DSC requires, as a minimum, consideration of the
following issues in decommissioning a tailings dam:

¢ Protection of its long term stability;

* The potential for erosion of an embankment, especially if it has
been an upstream construction with a low quality material on the
exposed face;

DSC3F
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» Its flood capacity with consideration of provision for changes in
future standards and the long term loss of holding capacity;

* Advice on its ongoing effects on the surrounding environment
and long term controls to minimise these effects;

* Advice on the proposal for its long term monitoring and the role
of the Department of Primary Industries in this respect; and

* Advice on when the dam can be de-prescribed, in the owner's
opinion.

Dam owners are advised that the DSC will maintain prescription of
any dam, and place its normal dam safety obligations on the dam
owner, until such stage that the decommissioning process has
guaranteed that the dam imposes minimal safety risks to life and the
surrounding environment, whereupon the DSC will deprescribe the
dam.

5.0 DOCUMENTATION

he DSC's normal requirements as to the substance and timing of

information required by the DSC, and the responses to be
expected from the DSC, are set out in the DSC's Guidance Sheet on
Documentation and Information Flow over Dam Life Cycle - DSC2B.
These requirements apply for all tailings dams with the following
qualifications:

» Incident Reports of any events threatening dam safety, including
their inspection, assessment and remedial action / control details,
are to be forwarded at the earliest opportunity for the DSC's
consideration (refer DSC2A for details);

» Due to the usually dynamic nature of tailings dams, the DSC
requires the owners of these dams to submit the results of their
intermediate inspections in reports for the DSC's consideration.
These reports should cover the same surveillance issues
addressed in five yearly Surveillance Reports, and include
updates on operations and programming, but need not be as
detailed as Surveillance Reports (refer sub-section 4.5 and Form
D19 checklist). They should also include an updated DSC D8
Form to update the DSC on pertinent owner contact details;

* The DSC also has some concerns about the issue of ownership
of tailings dams. Submissions should state clearly “Who is the
owner?” and “What is their relationship to the land owner or
leaseholder?” In this context, the term “owner” has its usual legal
sense, and does not have the meaning defined in the Dams
Salety Act 1978. There should also be advice on the corporate
structure clearly outlining the responsibilities for the management
of the dams. Any changes in the detail of these arrangements
should be advised to the DSC immediately;

* Rehabilitation Strategy Plans are to be submitted at the design
stage to enable determination of the long term feasibility of
design options;

DSC3F
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¢+ Management Plans are to be submitted at the design stage for
upstream or centre lift construction tailings dams to ensure
designer requirements are appropriately incorporated for these
types of dams; and

* Operational Management Plans are to be included in the
Operations and Maintenance Manual for the dam.
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New South Wales Government

Dams Safety Committee

D19 Form

TAILINGS DAM - INTERMEDIATE REPORT REQUIREMENTS

Checklist for owners and consultants preparing Reports
Please return this form completed with Report

The following checklist covers the minimum items to be included in Intermediate Reports. Please tick
against each item to indicate completion of the item in the Report, and enclose the signed D19 Form
with the copy of the Report submitted to the Dams Safety Committee. Please note that Reports which
do not address all relevant items may not be accepted.

QO Owner to provide cover letter indicating that the owner accepts the report and containing a
program to carry out recommendations

Q  Conclusions (in point form)
Recommendations (in point form), separate from the Conclusions

O

O Basic Dam Details — location, type of dam, height, crest length, storage volume, consequence
categories, outlet works, spillway type and hydrology, etc
O  Inspection
o Details of inspection — names of inspection team, date, weather conditions, storage level
o Condition of dam, e.g. evidence of slips, erosion, cracks, sink holes, piping, subsidence,
seepage, settlement, movement, misalignment, etc. & history (old, recent or continuing)
o Condition of Abutments & Foundations — seepages related to the storage, slips, erosion,
piping, etc. & history
Condition of Spillways — stability, erosion, blockages, movement, etc. & history
o Condition of Storage Basin & Downstream Areas
o Condition & operability of inlet & outlet works, spillway works and other mechanical &
electrical equipment
O  Monitoring
o Type of instrumentation and frequency of monitoring
o Comment on monitoring measurements since the previous Report — seepage (rates &
quality), pore pressures, groundwater, deformation surveys, rainfall, storage level, etc.

O Comment on compliance of inspection and monitoring procedures with the ANCOLD “Guidelines
on Dam Safety Management - 2003".
O Comment on status of O & M Manual and Dam Safety Emergency Plan (DSEP)
QO  Findings of any reports produced since the previous Report
O  Incidents which have occurred since the previous Report and actions taken
O Changes to the dam, operating procedures, developments, management or operating staff since
the previous Report and their effect on dam safety.
O Comparison to the previous Report, action taken as a result of that Report's recommendations
and any recommendations not carried out.
O  Provide information on mining activities close to the dam or storage
Q  An opinion as to whether the dam is safe in terms of the Committee’s requirements
O Signatures of Report writers
O Appendices
o Damdata sheets - D1 & D8
o Drawings, e.g. Site, General Arrangement, Cross-Section, Spillway, Outlet Works, etc.
o Photographs of main aspects of dam taken during the inspection, particularly areas
commented on in the Report
o Monitoring data summary sheets
o An IBM compatible CD, or equivalent, containing a Microsoft Word format file of the text and
a PDF of the entire report including drawings and photos.
Checklist completed by:
DSC3F http:/Awww.damsafety.nsw.gov.au Page 17 of 18
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This Guidance Sheet is one of a series available from our Website at:

http:/Avww.damsafety. nsw.gov.au

In order to read this file you need a Portable Document Format (PDF)
reader. A free PDF reader is available from hitp:/www.adobe.com/

For any further information please contact:

NSW Dams Safety Committee
Level 3, Macquarie Tower
10 Valentine Avenue, Parramatta NSW 2150

= PO Box 3720, Parramatta NSW 2124
‘2 (02)9895 7363 & (02) 9895 7354

#>  dsc@damsafety.nsw.gov.au

ISSN 1039-821X

CSCaF

hitp Mvnsie darmsafety nsw goy.au
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Spillway Design: Qutflow Rating Table for Dargues Reef TSF Pond (§ m spillway)

The following information was developed for use in hydrologic routing of the proposed channel spillway, which operates under broad-crested

weir control (Q=C*L* H 5), with coefficient "C" taken from: Brater, EF. & King, H.W. (1998) "Handbaok of Hydraulics, Seventh Edition”,

Mewr York, N.Y: McGraw-Hill.
The channel spillway rating information is taken

from a hydraulic model developed using HEC-RAS

Dam crest length is

Dam crest breacth is:

software Dam crest invert elevation is:
Elevation | Water Storage | Channel Spillway Qutflow Crest Overflow Combined
Volume HEC-RAS Weir {Weir Eqn.} Total
(m) {m’) (m'is) Coefficient (m’ls) {ms)

708.0 0.0 0.0 A #NA 0.0
706.1 58.8 0.0 H#hSA #hIA 0.0
706.2 117.6] 0.0 HMA HMNA 0.0)
708.3 1784 0.0 #NA #NA 0.0
7064 235.2) 0.0 A #NA 0.0
706.5 294.0) 0.0 H#hSA HNIA 0.0
706.6 352 .8 0.0 #NA HNA 0.0
708.7 4118 0.0 A #NA 0.0
708.8 4704 0.0 HENSA #NA 0.0
706.9 528.2 0.0 H#hSA HNIA 0.0
707.0 588.0) 0.0 H#hSA BN A 0.0
707.1 11704 0.0 A #MA 0.0
707.2 1,752.8 0.0 H#NSA #NA 0.0
707.3 2,335.2 0.0 H#hSA HNIA 0.0
7074 2,917.6 0.0 H#hSA BN A 0.0
7075 3,500.0 0.0 H#NSA #NIA 0.0
707.6 4,0824 0.0 H#NSA #NIA 0.0
707.7 4,664 .8 0.0 HMA HNA 0.0
707.3 5,247.2 0.0 H#NSA BN A 0.0
707.9 5,828.8 0.0 H#MSA #NIA 0.0
708.0 5.412.0 0.0 H#hSA #hIA 0.0
708.1 3,391.0 0.0 HMA HMNA 0.0
708.2 10,370.0 0.0 A #NA 0.0
7083 12,348.0 0.0 H#NSA #NA 0.0
7084 14,328.0 0.0 H#hSA HNIA 0.0
7085 16,307.0 0.0 A #MA 0.0
708.8 18,288.0 0.0 HENSA #NA 0.0
708.7 20,265.0 0.0 H#NSA #NA 0.0
708.8 22,244.0 0.0 H#hSA HNIA 0.0
708.9 24,223.0 0.0 H#hSA A 0.0
709.0 26,202.0 0.0 HENSA #NA 0.0
708.1 30,578.5 0.0 H#NSA #NIA 0.0
709.2 34,851.0 0.0 H#hSA HNIA 0.0
709.3 39,3255 0.0 H#hSA A 0.0
709.4 43,700.0 0.0 H#NSA #NA 0.0
709.5 48,0745 0.0 H#NSA #NIA 0.0
709.6 52,448.0 0.0 HMA HMNA 0.0
709.7 58,823.5 0.0 A #NA 0.0
709.3 51,198.0) 0.0 H#hSA #hIA 0.0
709.9 65,572.5 0.0 #hSA #NIA 0.0
710.0 69,947.0 0.0 #NA #NA 0.0
710.1 77.403.1 0.0 A #NA 0.0
710.2 34,858.2) 0.0 H#hSA HNIA 0.0
7103 92,3153 0.0 #hSA #NIA 0.0
7104 99,7714 0.0 A #MA 0.0
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Spillway Design: Outflow Rating Table for Dargues Reef TSF Pond (5 m spillway)

The following information was developed for use in hydrologic routing of the proposed channel spillway, which operates under broad-crested
weir control (Q=C*L* H' 5)‘ with coefficient "C" taken from: Brafer, EF. & King, H.W. (1998) "Handbook of Hydraulics, Seventh Edifion”,

News York, N.Y: McGraw-Hill.
The channel spillway rating information is taken
from a hydraulic model developed using HEC-RAS

Dam crest length is:
Dam crest breadth is:

software. Dam crest invert elevation is:
Elevation | Water Storage | Channel Spillway Qutflow Crest Overflow Combined
Volume HEC-RAS Weir {Weir Eqn.} Total
{m) {m") {mts) Cosfficient {m'1s) {m’Is)

710.5 107,2275 0.0 HhSA EhA 0.0
710.8 114,683.8 0.0 /A EhA 0.0
710.7 122,138.7 0.0 H#N/A EhA 0.0
710.8 128,585.8 0.0 H#N/A EhA 0.0
710.8 137,051.8 0.0 HMIA HM A 0.0
7110 144,508.0) 0.0 HMIA HM A 0.0]
711.1 153,685.0 0.3 H#NSA HhA 0.3
711.2 162,682.0 0.8 H#hSA EhA 0.3
711.3 171.788.0 1.5 H#N/A EhA 1.5
7114 180.858.0 24 H#N/A EhA 2.4
7115 189,943.0 35 H#N/A EhA 3.5
711.8 189.030.0 4.7 /A EhA 4.7
711.7 208,117.0 52 H#N/A EhA 8.2
711.8 217,204.0 7.8 #h/A #hA 7.8
711.8 226,281.0 9.6 /A EhA 9.6
712.0 235,378.0 11.8 1.490 0.0] 11.6
7121 244 ,465.0 13.8 1.490 22.0 35.8
712.2 253,652.0 16.2 1.480 52.2 78.4
712.3 262,638.0 18.7 1.450 111.3] 130.0
7124 271,726.0 21.5 14860 172.5] 164.0
7125 280,813.0 24.5 1.450 239.4 283.9

Note: storage information shown pertains to the last month of operations.
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PP Estimation (Summer): Impact Analysis frrered Fleethia. 10f 14

Estimation of Probable Maximum Precipitation in Australia: GSDM For Short Duration PMP {Depth)

Estimation of short duration Probable Maxirmum Precipitation (PMP) in Australia is performed using procedures taken from the following
publication of the Australian Bureau of Meteoroloyy (BOM):
- "The Estimation of Probable Maxirum Precipitation in Australia”, June 2003 « (33D for short (£6 h) duration PMP anly.

Location Information

Catchment | Catchment ] Located | Catchment | Catchment PMP Smooth (S)| Rough (R} | Consider

1] Area in Latitude Longitude Duration Portion of | Portion of | Monthly

Aus, Limit Catchment | Catchment] PMP?
(km") State 3 il (hi
Majors Creek|  15.593 RET -35.5475 149.7452 5.0 0.00 1.00 ‘es
Computation of Adjustment Factors

Catchment Mean Adustment| Elevation Moisture

1D Catchment for Adjustment | Adjustment

Elevation | Elevation Factor Factor
EAF MAF
(m)
hiajors Creek 721 0.00 .00 0.640 The Annual Exceedance Probability (AEF) associated with a PMP storm
is estimated hased on the area of the catchment it occurs withing see
Estimation of Depth-D uration PMP {Short Duration) ARR 19599 - Yolume 1, Book B, Section 36, Figure B
Duration Initial PMP | Initial PMP | Catchment Rounded
Depth Depth PMP PMP PMP Freguency
Smooth, D; | Rough, D, | Estimate Estimate AEP ARI

(h) () (mimjy (mm}) [{rmm) (1 in X yr)

0.25 202.0 202.0 1254 130 10E07 10000000

0.50 207.0 207.0 1902 190

0.75 377.0 377.0 241.4 240

1.0 443.0 443.0 2837 280

1.5 S06.0 567.0 3631 360

2.0 S67.0 B53.0 4246 420

2.5 G0s.0 7330 460.4 470

3.0 E34.0 795.0 5117 510

4.0 704.0 912.0 a54.0 a0

5.0 786.0 10010 B41.0 640

E.0 B02.0 10570 E53.3 550

If the overal catchment area exceeds 1 km? and the required level of calculations warrant the effort, estimated PMP rainfall may be
varied spatially using the procedure s given in G3DM, Section 6 and GSDM, Figure 6. However, spatially-distributing PMP is
generally not required unless the contributing catchment area exceeds 5 km?. (Spatially-distributed PMP is considered for Impact Analysis)

In addition, for Australian catchments south of 307 S with catchments smaller than 500 kmz, annual PMP values may be converted fo monthly
PP values using the information given in GSDM, Figure 7 as illustrated below. (Values are rounded to the nearest 10 mm.)

S | Variation: Monthly PMP for Southern Australian Catchments (mm)

Duration (h) 0.25] 0.50] 0.75 1.0 15 2.0 25 30 4.0 5.0 B0
Annual 12494 1802 2474 2537 3631 424.5 465 4] 511.7 584.0 541.0 [EENE)
January 130) 180 240 280 360 420 470 410 560 B40 G50
February 130) 150 240 280 360 420 470 410 560 B40 B350

March 130) 190 240 280 360 420 470 510 560 G40 G0
April 110) 160 210 240 310 360 400 430 500 40 580
May El 140 180 210 270 310 340 370 430 470 S00
June a0 120 180 180 230 260 290 320 360 400 420
July g0 110 140 160 210 250 270 300 340 370 400
August 70 110 140 160 200 240 260 290 330 360 350

September g0 120 150 170 220 260 290 310 360 390 420
October El 140 170 200 260 310 340 370 420 4E0 450

November 110 160 200 230 300 350 350 420 480 530 S50

Decemb er 130 190 240 280 60 420 470 510 500 BAL [SEE0N]
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. L g ==t Cortora Res. [*==% Thil i M- PE801-00139
‘ K’llg’!t Ples Old Cargues R eef Gold recied e 07142011
PP Egt. (Summer) for| A feerasd [Fre=iNe 10f5

Estimation of Probable Maximum Precipitation in Australia: GSAMFor Long Duration PMP (Depth)

E stimation of long duration P robable Maximum P recipitation (PMP) in Australia is performed using procedures taken from the following
publications ofthe Australian Bureau of Meteorology {BOM X
- "Developm ent of the Generalised Southeast Australia Method for Estimating P robable Maximum Precipitation, HR S Report Mo.4",
August 1926 <= (G5 AM) for long (= 24 hr) duration P MP .
- "Guidebook to the E stimation of Probable Maxmum Precipitation, GENERALISED SOUTHEAST AUSTRALIAMETHOD", Ocober 2006

Location Infor
Catchment Catchment Located Catchment Catchment PP Consider Summer ) Mean
10 Area in Latitude Longitude |Convergence| Seasons? or Catchment
Aus. Application Autumn {A) Elevation
k) State 0 0 Zone Storm? {m)
L Majors Creek 19593 NSV -35 5475 14074582 CAZ es 5 731
Computation of Lonvergence PP Adjustiment Factors
E xtremme Stil | E xtreme Cat. Moisture Topographic
Precipitable | Precipitable | Adjusment Adjustment
Water Water Factor Factor
EPW 4y EPW o MAF TAF
{mmj {mmj
[ [<fafiepen] 1.5 1.07 1
E stimation of Depth-Duration PMP {Long Duration) Estimation of Depth-D uration PP {Combined Curve)
Duration Base Catchment | Rounded [ pmp Duraion | Catchment | Rounded
Convergence PMP PMP E stimation PMP Final PMP
PMP E stimate E stimate Proc edure Estimate Depth
J11)] {mm) {mm) mim) thy mm) {mim)
24 858.3 2582 260 0.250 120.4 30
36 9605 AogA A0 0.333 #MIA al
48 1,012.0 AE36 480 0417 #MIA 70
72 1,087.9 15508 1,550 0.500 180.2 190
el 1,0593.8 16034 1,600 0.750 241.4 240
1.0 2837 280
Ifthe overal catchment area exceeds 1 km 2 andthe required level of GSOM 15 3631 360
calculations warrant the effort, estimated P WP rainfall may be varied 20 424 F 4720
spatially using the procedures given in GSAM CD 2006 Guidebook, il 4594 470
Section 3. However, spatially-digributing PMP is generally not reguired 3.0 511.7 510
unlessthe contributing catchment area exceeds 5km 2 4.0 584.0 A0
4.5 #MIA 610
T o spatially-distribute PMP | it is necessaryto m ultiply each ofthe a0 E41.0 G40
"Catchment PMP Estimate” walues bythe ratio of area-averaged TAF values H.0 FEEK] [{=00]
(S patially-distributed PMP is considered for TSF design Sub- Interpolated 9.0 #MIA 520
catchment specific PMP estimates are made for each sub- atchrment fromFinal 12.0 FMIA 930
at a selected duration: TSF S pillway Critical D uration.) Envelope 18.0 RS 1,110
240 1,290 .2 1,260
PMP soq =PMP o g 2 ({TAF o/ TAF 30.0 #MIA 1,340
36.0 Aog1 A0
where GSAM 480 4836 480
72.0 A50.8 550
PMP . 4= catchmert (c) average PMP for duration (dy; 95.0 16034 1,600

P WP ¢ 4 = Sub-catchment (sc) average P WP for duration (d);
T AF o = areal-average topographic adjustment factor for catchm ent {c); and
TAF . = areal-average topographic adjustm ent factor for sub-catchment (sc).

Once the scaled "Catchment P WMP Estimate” values are derived for the sub-catchment, a smooth envelope curve is drawn and the final PP depths
(rounded to the nearest 10 mm) are extracted.

The Annual Excesdance Probability (AEP ) associated with a PMP storm is estimated based on the area of the catchment it ocours withing see
ARR 1999 - Woalume 1, Book 6, Section 36, Figure 6.

PMP Frequency
AEP ARI
{1in X y1)
1.0E-07 10000000

Mowvember 2011 Knight Piésold Pty. Ltd. PESOM 00139
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TSF Breach Impact Analysis pproved

Dam Breach Modelling — Empirical Methods (Froehlich)

Froehlich (1995a, 2008) empirical methods for estimating breach width, breach side-slope ratio, breach formation time and peak breach
outflow are reproduced below:

1

B=027 k- V2% H,"¥

where:
B = average ultimate breach width (m);
k, = failure mode parameter (1.3 for overtopping failures, H
1.0 for other modes); "
V,, = water volume about the ultimate breach invert at start of
dam failure (ma); and |
Hy = ultimate breach height (m). ]
. . . . l ‘ e Horizontal Datum
2 z = breach side-slope ratio (1.0 H:1V for overtopping failures, Tl s T T T T e
0.7 H:1V for other failure modes). Figure 1. Typical Breach Cross Section
) 1=63.2 (Vu/ (g - He )™
where:
t;= breach formation time (s) and
= gravitational acceleration (9.81 misz)
@ Q, = 0.607 - (un.zas . wa .24)
where:
Q= peak dam breach discharge at the dam (m*s) and
H,, = height of water over ultimate breach invert at initiation (m).
Table 1. Froehlich (1995a, 2008) Empirical Breach Parameter Estimation Results
Selected Dam Ultimate Initial Initial Failure Average Breach Breach Peak
Failure Failure Breach Water Water Mode Breach Side- Formation Breach
Mechanism| Initiating Height Height Volume | Parameter Width Slope Time Qutflow
Event Hy H,, Vy Ko B z t Q,
(m) (m) {m?) {m) (H:1V) (s)_ (h) (mss)
Overtopping [PMPDF 6.0] 54 180,856 13 18.1 1.0] 1,430.4 0.4 174.7
Overtopping |[SD 6.0 5.0 144,508 1.3 16.9 1.0] 1,278.6 0.4 148.6
Piping PMPDF 6.0 54 180,856 1 14.0 0.7 1,430.4 0.4 174.7
[Piping SD 6.0] 5.0 144,508 1 13.0 0.7 1,278.6| 0.4 148.6
Sources:
Froehlich, D.C. (1995a). Peak Outflow from Breached Embankment Dam , Journal of Water Resources Planning and
Management, Vol. 121, No. 1, January/February, pages 90-97.
Froehlich, D.C. (2008). Embankment Dam Breach Parameters and Their Uncertainties , ASCE Joumal of Hydraulic
Engineering, Vol. 134, No. 12, May, pages 1708-1720.
November 2011 Knight Piésold Pty. Ltd. PE801-00139
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TSF Breach Impact Analysis Approued

Dam Breach Modelling — Empirical Methods (Von Thun and Gillette)

Von Thun and Gillette (1990) empirical methods for estimating breach width, breach side-slope ratio, and breach formation time are
reproduced below:

(1) B=25"H,+C,
where:
B = average ultimate breach width (ft);
H,, = height of water over ultimate breach invert at initiation (ft);
Cp = breach width factor (ft), which varies according to V,,

(see Table 1); and
V,, = water volume about the ultimate breach invert at start of

dam failure (acre-ft).

Y,
) z = breach side-slope ratio (1.0 H:1V for non-cohesive —-l b '™ Horizontal Datum_
dams, 0.33 H:1V for cohesive dams). Figure 1. Typical Breach Cross Section
3) t=B/(4-H,+c) Table 1. Breach Width Factor
where: Vy Cp
t:= breach formation time (h) and (acre-ft) (ft)
C, = breach time factor (200 ft for easily eroded dams, < 1,000 20
0 ft for erosion resistant dams) 1,000 - 5,000 60
5,000 - 10,000 140
> 10,000 180

Table 2. Von Thun and Gillette (1990) Empirical Breach Parameter Estimation Results

Dam Selected Selected Initial Initial Breach Average Breach Breach Breach
Failure Dam Shell Dam Fill Water Water Width Breach Side- Time Formation
Initiating Material Material Height Volume Factor Width Slope Factor Time
Event H,, Vy Cyp B z c, te
(ft) (acre-ft) (ft) (H:1V) {ft) (h)
PMPDF Non-cohesive| Erosion resistant 17.7 1466 20 64.3 1.00 0 0.9
IsD Non-cohesive| Erosion resistant 16.4 117.2 20 61.0 1.00 0 0.9
Source:

Von Thun, J.L., and Gillette, A.M. (1990). Guidance on Breach Parameters, Unpublished internal document, U.S. Bureau of
Reclamation, Denver, Colorado, March 13, 1990.

November 2011 Knight Piésold Pty. Ltd. PE801-00139
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Dam Breach Modelling = Empirical Methods (USBR)

USBR (1982, 1988) empirical methods for estimating breach width, breach formation time and peak breach outflow are reproduced below:

(O]
where:

B = average ultimate breach width (m);
H,, = height of water over ultimate breach invert at initiation (m).

2) z = breach side-slope ratio (undefined with USBR methods.)
3) t;=0.011-B
where:
t; = breach formation time (h}
4 Q,=75-H,'®
where:

Q.= peak dam breach discharge at the dam (ft’/s) and

H,, = height of water over ultimate breach invert at initiation (ft).

i

1

h 4

Figure 1. Typical Breach Cross Section

Emprical routing of the resulting peak breach outflow may be estimated (at the Screening level) with:

5) Q, = 10M9()- 001X)
where:
X = distance downstream of the dam along the flood plain (mi);
Q, = peak attenuated dam breach discharge at distance X (ft’ls); and
Q.= peak dam breach discharge at the dam (ft’/s).
Table 1. USBR (1982, 1988) Empirical Breach Parameter Estimation Results
Dam Initial Average Breach Peak Distance Peak Attenuated
Failure Water Breach Formation Breach Downstream of Downstream
Initiating Height Width Time Outflow Dam Breach Outflow
Event H, B t X s
(m) [ (ft) (m) (h) {mIs) (s} (km) (mi) (ms) (#7s)
PMPDF 5.4 17.7 16.2 0.2 433.1 15,295 6.3 3.9 395.9 13,983
SD 5.0 16.4 15.0 0.2 375.6 13,266 6.3 3.9 343.4 12,127
Sources:

United States Bureau of Reclamation (USBR). (1982). Guidelines for defining inundated areas downstream from Bureau of
Reclamation dams, Reclamation Planning Instruction No. 82-11, U.S. Department of the Interior, Bureau of Reclamation,

Denver, Colorado. (25 pages).

United States Bureau of Reclamation (USBR). (1988). Downstream hazard classification guidefines, ACER Technical
Memorandum, Report No. 11, U.S. Department of the Interior, Bureau of Reclamation, Denver, Colorado. (57 pages).

November 2011
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Dam Breach Modelling — Empirical Methods (MacDonald and Langridge - Monopolis)

MacDonald and Langridge - Monopolis (1984) empirical methods for estimating breach volume (and consequently width), breach side-slope ratio,
breach formation time and peak breach outflow are reproduced below:

o Ver= Ko (V- HY® &
where:
V,, = final volume of embankment eroded by breach (m”); ‘

K. = dam type coefficient (0.02610 for earthfill dams,

0.00348 for non-earthfill dams); Ye| Yo 1 Hy | Hw
V,, = water volume about the ultimate breach invert at start of
dam failure (m”); z
H,, = height of water over ultimate breach invert at initiation (m); and ‘
K. = dam type exponent (0.769 for earthfill dams, T :
0.852 for non-earthfill dams). e J 7777777 b HorEgniAnG
Figure 1. Typical Breach Cross Section
2) z = breach side-slope ratio (0.5 H:1V)
(3) 1,=0.0179 - v, !
where:

Hy
t;= breach formation time (h).

4 Q, = 1.154 - (V,-H,)"*"

where: i= 0o
Q= peak dam breach discharge at the dam (m”s). b S

y.
_}L_ .

w

Figure 2. Typical Breach Long Section

The average breach width employed in other empirical methods can determined using the geometry of the final breach through the given
embankment. The following equations show how this may be done for the breach geometry shown in Figures 1 and 2.

) Ver= (B + z’Hy) Hy) - ((Hy'zyel2 + W + (Hy'24:)/2)
where:

B = ultimate breach bottom width (m);
Hy, = ultimate breach height (m);

Z,s = upstream embankment slope (H:1V); and
Z4 = downstream embankment slope (H:1V).

Equation (5) may be algebraically manipulated to yield the following expression for directly calculating the ultimate breach bottom width:
) B = (Ver/ ((2us * Zao) (Ho V2HW HR)) - (2 Hy)

Which then gives the average ultimate breach width through Equation (7):

(7 B=B+2zH,

Table 1. MacDonald and Langridge - Monopolis (1984) Empirical Breach Parameter Estimation Results

Dam Selected Dam Dam Initial Initial Final Breach Breach Peak
Failure Dam Type Type Water Water Eroded Side- Formation | Breach
Initiating Type Coefficient| Exponent Volume Height Volume Slope Time Ouftflow
Ke Ko Vi Hy Ver z L] b
(m?) (m) (m?) (H:1V) (h) (ms)
Non-earthfil 0.00348 0.852 180,856 5.4 441 0.5 0.2 338.8
Non-earthfill 0.00348 0.852 144,508 5.0 341 0.5] 0.1 299.3

At first, the assumed ultimate breach height from the tailings run-out analysis is used to compute the bottom breach width that will satisfy
the estimated final eroded volume. If the resulting bottom breach width estimate is negative (not possible), it is necessary to determine the ultimate
breach height that will yield a bottom breach width of 0.0 m, thereby satisfying the other relationships.

Such a scenario was found for the Dargues Reef TSF embankment. The ultimate breach height predicted by the tailings run-out
analysis is greater than that indicated by the final eroded volume predicted by this methodology for the SD scenario.
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Dam Breach Modelling — Empirical Methods (MacDonald and Langridge - Monopolis)

Table 1. (continued)

Dam Ultimate Embk. us DS Bottom Average
Failure Breach Crest Embk. Embk. Breach Breach
Initiating Height Length Slope Slope Width Width
Event Hy w Z4s 246 B B
{m) (m) (H:1V) (H:AV) {m) (m)
PMPDF 6.0 6.0 3.0 3.0 0.1 3.1
SD 3.9 6.0 3.0 3.0 0.0 2.8]
Source:

MacDonald, T.C., and Langridge-Monopolis, J. (1984). Breaching Characteristics of Dam Failures, ASCE Joumal of Hydraulic
Engineering, Vol. 110, No. 5, May, pages 567-586.
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Dam Breach Modelling — Empirical Methods Summary

Wahl (2004) studied the uncertainty of predictions of embankment breach parameters. Through statistical analysis of a comprehensive database
of dam failures and various empirical breach parameter estimation methods, Wahl formulated a means for computing an approximate 95%
confidence interval about the estimated breach parameters with:

(1) CL_= X109 and CLy = X-10t®+%59
where:
CL_ = Lower 95% confidence interval limit about X;
CLy = Upper 95% confidence interval limit about X;
X = Predicted value (B, Ve, t; or Q)
& = Mean of prediction errors; and

8. = Standard deviation of prediction errors:

As given in Wahl (2004), the uncertainty in the four selected empirical methods are given in Table 1. A summary of results are given in Table 2.

Table 1. Wahl (2004) Empirical Breach Parameter Prediction Uncertainty Parameters

Breach Empirical Mean of Std. Dev of Width of
Parameter Breach Prediction Prediction Uncertainty
Type Parameter Errors Errors Band
Estimation T Se $2S,
Method (log cycles) | (log cycles) | (log cycles)
Vo (Eroded Yolume)  |MacDonald et. al (1984) -0.01 0.410 +0.82
B Froehlich (2008) 0.01 0.195 +0.39)Note: uncertainty parameters
(Average Width) VVon Thun and Gillette (1990) 0.09 0.175 +0.35]from Froehlich (1995b) were
USBR (1988) -0.09 0.215 +0.43]assumed to apply (as an
Froehlich (2008) -0.22 0.320 +0.64approximation) to the
t Von Thun and Gillette (1990) -0.38 0.420 +0.84|improved methods in
(Breach Formation Time) |USBR (1988) -0.40 0.510 +1.02]Froehlich (2008).
MacDonald et. al (1984) -0.21 0.413 +0.83
Q Froehlich (1995a) -0.04 0.160 +0.32
(Peak Breach Outfiow) |USBR (1982) 0.19 0.250 +0.50
MacDonald et. al (1984) 0.13 0.350 +0.70
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Dam Breach Modelling — Empirical Methods Summary

Table 2. Summary of Empirical Breach Parameter Predictions with 95% Confidence Interval

Breach Empirical Breach Parameter Predicted Lower 95%
Parameter Estimation Method along with Breach Confidence
Type Dam Failure Initiating Event and Parameter Limit
Selected Failure Mechanism X
(if applicable) (m°, m, h or m%s)
V,, (Eroded Volume) MacDonald et. al (1984) - PMPDF 441 68|
MacDonald et. al (1984)- 8D 34 53
Froehlich (2008) - PMPDF, Overtopping 18.1 7.2
Froehlich (2008) - PMPDF, Piping 16.9 6.7
Froehlich (2008) - SD, Overtopping 14 .0 5.6
Froehlich (2008) - SD, Piping 13.0 5.2
B Von Thun and Gillette (1990) - PMPDF 6 7.1
Von Thun and Gillette (1990) - SD [ 6.8
(Average Width) USBR (1988) - PMPDF 2 7.4
USBR (1988) - SD 15.0 6.9
MacDonald et. al (1984) - PMPDF 3.1 2.8
MacDonald et. al (1984)- SD 2.8 2.8
Froehlich (2008) - PMPDF, Overtopping 04 0.2
Froehlich (2008) - PMPDF, Piping 04 0.1
Froehlich (2008) - SD, Overtopping 04 0.2
Froehlich (2008) - SD, Piping 04 0.1
t Von Thun and Gillette (1990) - PMPDF 0.9 0.3]
Von Thun and Gillette (1990) - SD 0.9 0.3
(Breach Formation Time)|USBR (1988) - PMPDF 0.2 0.0]
USBR (1988) - SD 0.2 0.0]
MacDonald et. al (1984) - PMPDF 0.2 0.0]
MacDonald et. al (1984) - SD 0.1 0.0]
Froehlich (2008) - PMPDF, Overtopping 1747 91.7)
Froehlich (2008) - PMPDF, Piping 148.6 78.0
Froehlich (2008) - SD, Overtopping 1747 91.7
Froehlich (2008) - SD, Piping 1486 78.0]
Q, Von Thun and Gillette (1990) #N/A #N/A]
(Peak Breach Qutflow) |USBR (1982) - PMPDF 4331 88.4
USBR (1982)- SD 3756 76.7
MacDonald et. al (1984) - PMPDF 338.8 50.1
MacDonald et. al (1984)- SD 2993 44.3

< derived from V,, values

A simulation testing grid, consisting of the Expected values (as predicted) of average breach width and breach formation time will be
formulated and employed for assessing potential dam breach failures under both PMPDF and SD initiating conditions and for both
Overtopping (OT) and Piping (PI) failure modes.

Source:

Wahl, T.L. (2004). Uncertainty of Predictions of Embankment Dam Breach Parameters, ASCE Journal of Hydraulic

Engineering, Vol. 130, No. 5, May, pages 389-397.
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Runoff Estimation: 1.0E-07 AEP, Breach Impact Analysis (Rainfall / Runoff Model Input - 1)

Peak runoff for the PMP storm (having an Annual Exce edance Probability, AEP of 1.0E-07) is estim sted for a portion of the Majors Creek catchmert
(including the proposed Dargues Reef Gold YWFSF) for purposes of breach impact assessment
a) PMP (Probable Madmum Precipitation) rainfall depths for varous durstions at the Dargues Reef site are determined by using procedures
discussad in "The Estim ation of P robable Maximum Precipitation in Australia®, June 2003 (G3SDM) and "Development of the Generalised Southeast
Australia Method for E stim ating Probable Maximum Precipitation, HRS Repert No.4”, August 1996 (GSAM). This step results inthe creation of a
dep th-duratio p-frequency (DDF) curve for the PMP frequency, which was egimated as 1.0E-07 (1 in 10,000,000 AEP for the Majors Creek
Catchm ent (including the Project site) to the downstream poirt of analysis

b} The rainfall depth for a critical duration (2 hours for shart-duration PMP |, 24 hours for long-duration PMP) at a 1.0E-07 AEP frequency is used with
atemplate pattern derived from GSOM and GSAM to derive a tim e distributions of rainfall [ fyetograph). This potential design storm isthe primary
hydrologic input to outflowestimation. Depths are spatially-varied to reflect espected changes in intensity over the area ofthe design storm

c) Rainfall excess is estim ated in HEC-HMS softvare for the Dargues Reef Diversion channel g using the Initial Loss ! Constant Loss (ILACL)
model as discussed in Book 2, Section 3 and Book &, Section 4 of Australian Rainfall and Runoff (ARR), 1999, Spedfc values for NSW are
calculated from Book 2, Table 3.2,

I AED = I 1.0E-07 |<= assigned for PMP over the Majors Creek catchmert of 196 km?
I I imm=] 0.1
| CLirrenih) = | 1 |

d) Rainfal excess is transformed to run off fydrograph s using the Clark syrthetic unit hydrograph methed. As formulated in the HEC-HMS model,
the two primary input s for this m ethed are the time of concentration (tJ) and a basin storage coefficient (K). For Eastern Mew South Wales, times
of concentration may be estim ated using the following relationship, taken from ARR 1999, Yolume 1, Book 4, Section 1.4.1:

;=076 - Al where; t. = time of concentration (h) and
A= catchment area (km 2).

The basin gorage coefficient may be estimated using the following relationship, taken from ARR 1999, Yolume 1, Book 5, Sedion 2.6.2:

K=0.7-L"F where: K = gorage coefficient (h) and
L = main stream length (km ).

&) The assembled data is then used to com pute the estim sted outflow hydrographs st various locations for the seleded storm duration and
frequency (in this case, AEP = 1 .0E-07)

The various catchm ert configuration parameters used for constructing the HE C-HMS model are given below

Sub-Catchment Sub-Cat. S patial-Distribution Sub-Cat. SubCat Time of Storage
1D Area of PMP Rainfall for Short-Duration Storms Topo. Adj. Length Concentration| Coefficient
A % of Sub-Catchment in Ellipse: Factor L 1, K
(ki) A B C TAF ., (kam) (h) (h)
SCO 2.9997 0.00% G0.92% 39.08% 1.800 36368 11837 1.4379
SC02 3.2068 19.30% G2 12% 18.57% 1.780 30708 11836 1.3269
SC03 34216 30.59% 52.73% 17.18% 1.770 34913 1.2129 14276
SC04 0.3963 83.44% 16.56% 0.00% 1.770 0.5727 05346 0.6390
SC05 0.7246 11.85% 86.25% 1.90% 1.760 2.3504 06724 1.1393
SCO06 0.5020 0.00% 100.00% 0.00% 1.750 1.5865 07308 05005
SCo7 0.3094 0.00% 100.00% 0.00% 1.740 1.0514 04867 0.7203
SC03 0.8528 0.00% 247% B753% 1.730 1.3028 0.7154 05139
5C0% DCOo 01,0564 (0.00% 100.00% 0.00% 1.740 01744 [0 2545 [0.2557
SC09_DCooz2 0.0587 0.00% 100.00% 0.00% 1.750 0.2789 02658 0.3380
SC0%_POND 008451 0.00% 100.00% 0.00% 1.750 0.2691 02560 0.3312
SC10 011597 68 86% 31.14% 0.00% 1.770 0.7424 0.3352 0.5507
SC1 20705 201% 87.78% 10.23% 1.750 2IHT 10021 1.2413
SC12 1.7703 22 37% 77 E3% 0.00% 1.770 2.3487 05442 1.1383
SC13 20847 0.00% 359.38% BOE2% 1.770 2.3168 1.0047 1.1300
SC14 05318 0.00% 85, 73% 13.27% 1.760 1.5601 05975 10.9020
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BIG ISLAND MINING PTY LTD

RESPONSE TO SUBMISSIONS
Report No.752/42

Appendix 1

Dargues Gold Mine
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RESPONSE TO SUBMISSIONS

BIG ISLAND MINING PTY LTD

Dargues Gold Mine

Report No.752/42

Appendix 1
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