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Guidelines on the safe design and operating standards for tailings storage 

 
TAILINGS STORAGE DATA SHEET 

Please complete a separate sheet for each tailings storage facility (TSF) 

1. PROJECT DATA 

1.1 PROJECT NAME: Kalgoorlie Consolidated Gold Mines 1.2  Date: 31 May 2005  

1.3 TSF Name:    Fimiston II – A/B Paddock 1.4 Commodity: GOLD 

1.5 Name of data provider:* Trevor Tyson (Senior Civil Engineer) Phone:* (08) 9022 1719 

1.6 TSF centre co-ordinates (AMG) 6,597,100 m  North 359,850 m  East 

1.7: Lease numbers:    M26/308, M26/451, G26/44 – 68, G26/70 – 71, G26/73 – 78, G26/82 - 86 

2. TSF DATA 

2.1 TSF Status:   Proposed  � Active  � Disused  � Rehabilitated  � 

2.2 Type of TSF:1 Paddock 2.2.1 Number of cells:2 1 

2.3 Hazard rating:3 Significant 2.4 TSF category:4 1 

2.5 Catchment area:5    116 ha 2.6 Nearest watercourse: None nearby 

2.7 Date deposition started (mm/yy) 1991 2.7.1 Date deposition completed (mm/yy) 2012 (est) 

2.8 Tailings discharge method:6 Multiple Spigot 2.8.1 Water recovery method:7  Gravity to be converted 
       to pumped decant 

2.9 Bottom of facility sealed or lined? No 2.9.1 Type of seal or liner: 8 N/A 

2.10 Depth to original groundwater level:   Unknown 2.10.1 Original groundwater TDS: approx 50,000 

2.11 Ore process: 9 CIL 2.12 Material storage rate: 10  4,000,000 tpa 

2.13 Impoundment volume (present)     18  x 106 m3   2.13.1 Expected maximum                 36 x 106 m3 

2.14 Mass of solids stored (present)  30  x 106 tonnes 2.14.1 Expected maximum                60 x 106 tonnes   

3 ABOVE GROUND FACILITIES 

3.1 Foundation soils              clayey sand/sandy clay 3.1.1 Foundation rocks    

3.2 Starter bund construction materials: 11 

                        Surficial soils within perimeter walls 

3.2.1 Wall lifting by: 

Upstream   �  Downstream  �  Centreline  � 

3.3 Wall construction by:   

Action Earthmoving Hire 

3.3.1 Wall lifting material: 12 Tailings (planned) 

mechanically  �  hydraulically  � 

3.4 Present maximum wall height agl:  13 26  m 3.4.1 Expected maximum            45 m 

3.5 Crest length (present) (all embankments) 4,550 m 3.5.1 Expected maximum      4,550 m 

3.6 Impoundment area (present)       112 ha 3.6.1 Expected maximum        112 ha 

BELOW GROUND/IN-PIT FACILITIES 

4.1 Initial pit depth (maximum)                                     m 4.2 Area of pit base                                                    Ha 

4.3 Thickness of tailings (present)                                 m 4.3.1 Expected maximum                                             m 

4.4 Current surface area of tailings                               Ha 4.4.1 Final surface area of tailings                               Ha 

5 PROPERTIES OF TAILINGS 

5.1 TDS 70-190,000 mg/L 5.2 pH 7.7 5.3 Solids content  

   55 – 56 % 

5.4  Deposited density             
 1.6 – 1.7 t/m3 

5.6 WAD CN 2-10 mg/L 5.7 Total CN 20-60 mg/L 5.5 Potentially hazardous substances: 14  

                                   Cyanide                               5.8 Any other NPI listed substances in the TSF?18     No 

 
*Not to be recorded in the database; for 1, 2, 3 etc see explanatory notes on the next page 

  



 

Guidelines on the safe design and operating standards for tailings storage 

 
TAILINGS STORAGE DATA SHEET 

Please complete a separate sheet for each tailings storage facility (TSF) 

1. PROJECT DATA 

1.1 PROJECT NAME: Kalgoorlie Consolidated Gold Mines 1.2  Date: 31 May 2005  

1.3 TSF Name:    Fimiston II - C Paddock 1.4 Commodity: GOLD 

1.5 Name of data provider:* Trevor Tyson (Senior Civil Engineer) Phone:* (08) 9022 1719 

1.6 TSF centre co-ordinates (AMG) 6,596,400 m  North 361,100 m  East 

1.7: Lease numbers:    M26/308, M26/451, G26/44 – 68, G26/70 – 71, G26/73 – 78, G26/82 - 86 

2. TSF DATA 

2.1 TSF Status:   Proposed  � Active  � Disused  � Rehabilitated  � 

2.2 Type of TSF:1 Paddock 2.2.1 Number of cells:2 1 

2.3 Hazard rating:3 Significant 2.4 TSF category:4 1 

2.5 Catchment area:5    95 ha 2.6 Nearest watercourse: None nearby 

2.7 Date deposition started (mm/yy) 1994 2.7.2 Date deposition completed (mm/yy) 2012 (est) 

2.8 Tailings discharge method:6 Multiple Spigot 2.8.1 Water recovery method:7  Gravity to be converted 
       to pumped decant 

2.9 Bottom of facility sealed or lined? No 2.9.1 Type of seal or liner: 8 N/A 

2.10 Depth to original groundwater level:   Unknown 2.10.1 Original groundwater TDS: approx 50,000 

2.11 Ore process: 9 CIL 2.12 Material storage rate: 10 3,500,000 tpa 

2.13 Impoundment volume (present)     23  x 106 m3   2.13.1 Expected maximum                 34 x 106 m3 

2.14 Mass of solids stored (present)  30  x 106 tonnes 2.14.1 Expected maximum                56 x 106 tonnes   

3 ABOVE GROUND FACILITIES 

3.1 Foundation soils              clayey sand/sandy clay 3.1.1 Foundation rocks    

3.2 Starter bund construction materials: 11 

                        Surficial soils within perimeter walls 

3.3.1 Wall lifting by: 

Upstream   �  Downstream  �  Centreline  � 

3.4 Wall construction by:   

Action Earthmoving Hire 

3.3.2 Wall lifting material: 12 Tailings (planned) 

mechanically  �  hydraulically  � 

3.4 Present maximum wall height agl:  13 26  m 3.4.1 Expected maximum             44 m 

3.5 Crest length (present) (all embankments) 3,800 m 3.5.1 Expected maximum      3,800 m 

3.6 Impoundment area (present)       95 ha 3.6.1 Expected maximum        95 ha 

BELOW GROUND/IN-PIT FACILITIES 

4.1 Initial pit depth (maximum)                                     m 4.2 Area of pit base                                                    Ha 

4.3 Thickness of tailings (present)                                 m 4.3.1 Expected maximum                                             m 

4.4 Current surface area of tailings                               Ha 4.4.1 Final surface area of tailings                               Ha 

5 PROPERTIES OF TAILINGS 

5.1 TDS 70-190,000 mg/L 5.2 pH 7.7 5.4 Solids content  

   55 – 56 % 

5.4  Deposited density             
 1.6 – 1.7 t/m3 

5.6 WAD CN 2-10 mg/L 5.7 Total CN 20-60 mg/L 5.6 Potentially hazardous substances: 14  

                                   Cyanide                               5.8 Any other NPI listed substances in the TSF?18     No 

*Not to be recorded in the database; for 1, 2, 3 etc see explanatory notes on the next page 



 

Guidelines on the safe design and operating standards for tailings storage 

 
TAILINGS STORAGE DATA SHEET 

Please complete a separate sheet for each tailings storage facility (TSF) 

1. PROJECT DATA 

1.1 PROJECT NAME: Kalgoorlie Consolidated Gold Mines 1.2  Date: 31 May 2005  

1.3 TSF Name:    Fimiston II - D Paddock 1.4 Commodity: GOLD 

1.5 Name of data provider:* Trevor Tyson (Senior Civil Engineer) Phone:* (08) 9022 1719 

1.6 TSF centre co-ordinates (AMG) 6,597,300 m  North 360,800 m  East 

1.7: Lease numbers:    M26/308, M26/451, G26/44 – 68, G26/70 – 71, G26/73 – 78, G26/82 - 86 

2. TSF DATA 

2.1 TSF Status:   Proposed  � Active  � Disused  � Rehabilitated  � 

2.2 Type of TSF:1 Paddock 2.2.1 Number of cells:2 1 

2.3 Hazard rating:3 Significant 2.4 TSF category:4 1 

2.5 Catchment area:5    98 ha 2.6 Nearest watercourse: None nearby 

2.7 Date deposition started (mm/yy) 1995 2.7.3 Date deposition completed (mm/yy) 2012 (est) 

2.8 Tailings discharge method:6 Multiple Spigot 2.8.1 Water recovery method:7  Gravity to be converted 
       to pumped decant 

2.9 Bottom of facility sealed or lined? No 2.9.1 Type of seal or liner: 8 N/A 

2.10 Depth to original groundwater level:   Unknown 2.10.1 Original groundwater TDS: approx 50,000 

2.11 Ore process: 9 CIL 2.12 Material storage rate: 10  4,000,000 tpa 

2.13 Impoundment volume (present)     12 x 106 m3   2.13.1 Expected maximum                 28.5 x 106 m3 

2.14 Mass of solids stored (present)  20  x 106 tonnes 2.14.1 Expected maximum                47 x 106 tonnes   

3 ABOVE GROUND FACILITIES 

3.1 Foundation soils              clayey sand/sandy clay 3.1.1 Foundation rocks    

3.2 Starter bund construction materials: 11 

                        Surficial soils within perimeter walls 

3.4.1 Wall lifting by: 

Upstream   �  Downstream  �  Centreline  � 

3.5 Wall construction by:   

Action Earthmoving Hire 

3.3.3 Wall lifting material: 12 Tailings (planned) 

mechanically  �  hydraulically  � 

3.4 Present maximum wall height agl:  13 21 m 3.4.1 Expected maximum             42.2 m 

3.5 Crest length (present) (all embankments) 3,930 m 3.5.1 Expected maximum      3,930 m 

3.6 Impoundment area (present)       98 ha 3.6.1 Expected maximum        98 ha 

BELOW GROUND/IN-PIT FACILITIES 

4.1 Initial pit depth (maximum)                                     m 4.2 Area of pit base                                                    Ha 

4.3 Thickness of tailings (present)                                 m 4.3.1 Expected maximum                                             m 

4.4 Current surface area of tailings                               Ha 4.4.1 Final surface area of tailings                               Ha 

5 PROPERTIES OF TAILINGS 

5.1 TDS 70-190,000 mg/L 5.2 pH 7.7 5.5 Solids content  

   55 – 56 % 

5.4  Deposited density             
 1.6 – 1.7 t/m3 

5.6 WAD CN 2-10 mg/L 5.7 Total CN 20-60 mg/L 5.7 Potentially hazardous substances: 14  

                                   Cyanide                               5.8 Any other NPI listed substances in the TSF?18     No 

*
Not to be recorded in the database; for 1, 2, 3 etc see explanatory notes on the next page 

  



 

Guidelines on the safe design and operating standards for tailings storage 

EXPLANATORY NOTES 
FOR COMPLETING 

TAILINGS STORAGE DATA SHEET 
 
The following notes are provided to assist the proponent to complete the tailings storage data 
sheet. 

1. Paddock (ring-dyke), cross valley, side-hill, in-pit, depression, waste fill etc. 

2. Number of cells operated using the same decant arrangement. 

3. See Table 1 in the Guidelines. 

4. See Figure 1 in the Guidelines. 

5. Internal for paddock (ring-dyke) type, internal plus external catchment for other facilities. 

6. End of pipe (fixed), end of pipe (movable), single spigot, multi-spigots, cyclone, CTD 
(central thickened discharge) etc. 

7. Gravity feed decant, pumped central decant, floating pump, wall/side mounted pump etc. 

8. Clay, synthetic etc. 

9. See list below for ore process method. 

10. Tonnes of solids per year. 

11. Record only the main material(s) used for construction eg: sand, silt, gravel, laterite, fresh 
rock, weathered rock, tailings, clayey sand, clayey gravel, sandy clay, silty clay, gravelly 
clay, etc or any combination of these materials. 

12. Any one or combination of the materials listed under item 11 above. 

13. Maximum wall height above ground level (not AHD or RL). 

14. Arsenic, Asbestos, Caustic soda, Copper sulphide, Cyanide, Iron sulphide, Lead, 
Mercury, Nickel sulphide, Sulphuric acid, Xanthates etc. 

15. NPI – National Pollution Inventory.  Contact Dept of Environmental Protection for 
information on NPI listed substances. 

 

ORE PROCESS METHODS 

The ore process methods may be recorded as follows: 

Acid leaching (Atmospheric) Flotation 

Acid leaching (Pressure) Gravity separation 

Alkali leaching (Atmospheric) Heap leaching 

Alkali leaching (Pressure) Magnetic separation 

Bayer process Ore sorters 

Becher process Pyromet 

BIOX SX/EW (Solvent extraction/Electro winning) 

Crushing and screening Vat leaching 

CIL/CIP Washing and screening 
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CURRENT OPERATING LICENCE 
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APPENDIX C 
 

TAILINGS TESTWORK 
LABORATORY TEST CERTIFICATES 
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APPENDIX D 
 

SITE INVESTIGATION OF FOUNDATION SOILS 
TABULATED RESULTS AND 

LABORATORY TEST CERTIFICATES 



TABLE D1 : LABORATORY TEST RESULTS

Fines           (-
75 �m)

Sand        
(2.35 mm - 75 

�m)  

Gravel          
(>235 mm)

Liquid Limit 
(%)

Plasticity 
Index (%)

Linear 
Shrinkage 

(%)

TP4 0.5 SC 49 38 13 38 21 9 4
TP4 1.4 CH 53 33 14 63 43 15 2
TP6 0.6 SC 46 36 18 40 19 10 4 2.1×10-8

TP6 1.1 SC 47 29 24 46 28 13 4
TP10 0.5 CL 56 41 3 39 19 10 4
TP10 1.3 SC 40 37 23 41 24 12 4
TP12 0.5 GM-SM 12 44 44 8
TP12 1 GM 12 43 45 38 3 5 4
TP16 1.2 SC 41 35 24 41 25 10 4
TP18 0.4 SC 32 42 26 37 16 8 4
TP18 0.9 GP 4 32 64 8
TP18 1.5 GC 13 31 56 47 22 7 8
TP19 1 GP-GM 6 42 52 8
TP20 0.8 SM 10 54 36 4
TP21 0.7 GM 9 33 58 34 2 3 8
TP21 1.6 SM 19 42 39 33 0 3 8

GC 28 30 42 31 13 7 2 9.0×10-8

SC 34 43 23 47 28 12 4 1.4×10-9

Note:  Unified Soils Classifications have been revised on the basis of the laboratory test results 

Emerson 
Crumb No.

Hydraulic 
Conductivity 

(m/s)

non-plastic
non-plastic

non-plastic

non-plastic

TP18 1.9m + TP20 1.5m
TP20 0.2m + TP21 0.2m

Atterberg LimitsGrading

Test Pit No. Depth (m)
Unified Soils 
Classification

Tabulated results based on Table E1 of Golder Associates Report No.94640090, dated October 1994
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E  STABILITY MODELLING 

E1 Approach 

Stability analyses were carried out using the computer software code SLIDE.  Ground survey 
of the five modelled sections of Fimiston II was carried out by KCGM.  The cross-sections 
were analysed using the Morgenstern-Price method under static and pseudo-static 
(earthquake) conditions.  Superficial slips on the outer slope of less than 1 m depth were 
ignored in the study. 

The following minimum factors of safety (FoS), which are based on requirements set down 
by ANCOLD (ANCOLD, 1999), have been adopted for the Fimiston II TSF: 

• Steady state under static loading:  FoS = 1.5 

• Earthquake or pseudo-static (OBE1): FoS = 1.2 

• Maximum credible earthquake (MCE2):  FoS = 1.0 

As a probable maximum precipitation (PMP) event represents an extreme (1:1,000,000) event 
it has been considered appropriate to adopt a minimum factor of safety (FoS) of 1.0 for 
post-probable maximum precipitation (post-PMP) conditions under static loading. 

E2 Peak Earthquake Loadings 

Based on site specific probabilistic assessment (Golder Associates, 2004a) of a catalogue of 
crustal earthquakes from 1954 to 2004, in a subset extending 600 km east, west, north and 
south from the Fimiston II site.  In addition, seismic data from the Mt Charlotte mine and the 
Fimiston Open Pit seismic monitoring system from 1994 to 2004 were considered separately.  
The most critical results from the seismic study in terms of anticipated ground accelerations 
are summarised in Table E1. 

 

1 Operating Base Earthquake (OBE) 
2 Maximum Credible Earthquake (MCE) 
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Table E1:  Peak Earthquake Loadings for Fimiston TSFs 

Return Period  
(years) 

Peak Ground 
Acceleration  

(PGA) 

Corresponding 
Earthquake Magnitude 

(ML) 

50 0.05g 1.1 

100 0.06g 1.3 

200 0.10g 1.6 

475* 0.08g 1.9 

1,000 0.14g 2.3 

 0.28g 3.2 

NOTE:  A 475 year return period corresponds to a 10% likelihood of exceedence in 
50 years 

 
The seismic study indicates that earthquake magnitudes of up to 7.3 are possible.  However, 
the peak ground accelerations associated with these events are significantly less than those 
given in Table E1. 

The selection of an appropriate acceleration coefficient for use in pseudo-static limit 
equilibrium analyses of embankments such as at the Fimiston TSFs normally recognises that 
the slope is not rigid and that the peak acceleration due to earthquake loading only lasts for a 
very short period of time.  Several recognised authorities in this field have recommended that 
an appropriate pseudo-static coefficient should correspond to between one half and one third 
of the peak maximum anticipated ground acceleration3.  The analyses presented in the NOI 
addendum report have therefore used reasonably conservative acceleration coefficients of 
0.5 × PGA. 

Assuming a “High” hazard rating applies to both Fimiston I and Fimiston II, the design 
earthquake for the TSF according to ANCOLD should be 1:1,000 years.  Accordingly, the 
corresponding horizontal acceleration for the operating base earthquake (OBE) is estimated at 
0.5 × 0.14 g = 0.07 g and the horizontal acceleration for the maximum credible earthquake 
(MCE) is 0.5 × 0.28 g = 0.14 g. 

E3  Probable Maximum Precipitation (PMP) 

Conservatively, the “PMP phreatic surface” has been assumed to initiate at a distance of 10 m 
from the upstream crest of the perimeter embankments.  The occurrence of the PMP may not 
immediately result in creating a fully saturated condition in the underlying tailings.  
Nevertheless, such a phreatic surface has been assumed to develop for the purpose of 
analysing the slope stability under the “PMP piezometric condition”. 

                                                      

3 Kramer, SL (1996) Geotechnical Earthquake Engineering University of Washington, Prentice-Hall 
Inc, pp436-7. 
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E4  Material Parameters 

The material parameters and phreatic surface adopted for the analysis are based on 
interpretation of the piezoprobe results and supported by previous stability analyses 
(Golder Associates 2003a).  Parameters adopted for the effective stress analyses are supported 
by past laboratory results and are consistent with previous analyses. 

One issue to resolve when interpreting and assigning engineering parameters to tailings 
material is the classification of the material into either free draining material (granular) or a 
slow draining material (clayey).  It is generally accepted that it is appropriate to utilise 
effective stress parameters for free draining materials.  There is, however, some uncertainty in 
estimating the excess pore pressures under dynamic (earthquake) loading.  Using total stress 
(undrained) strength parameters eliminates the need to estimate these excess pore pressures. 

Based on the results of the piezoprobe test interpretations (Golder Associates, 2004c) and the 
difficulty in estimating excess pore pressure under dynamic conditions, it is judged that 
undrained or total stress parameters are likely to give a more realistic representation of the 
stability of the Fimiston II TSF under dynamic loading.  Nevertheless, effective stress 
parameters are likely to provide a more representative result under static conditions. 

To represent the layered nature of the tailings, the material has been divided into eight zones 
based on strength.  The location and thickness of each zone was estimated from examination 
and analysis of the piezoprobe measurements applicable to the cross-section under 
examination.  These assumptions have been incorporated into the stability analyses and the 
adopted parameters are summarised in Table E2. 

Table E2:  Parameters used in Fimiston II Slope Stability Analyses 

Material 
Unit Weight 

(γm) 
(kN/m3) 

Friction Angle 
(φ') 

(degrees) 

Cohesion (c') 
(kPa) 

Undrained Shear 
Strength (su) 

(kPa) 
Tailings 1 20 36 0 500 
Tailings 2 20 35 0 400 
Tailings 3 20 33 0 250 
Tailings 4 20 31 0 200 
Tailings 5 20 30 0 150 
Tailings 6 20 29 0 100 
Tailings 7 20 28 0 80 
Tailings 8 20 27 0 50 

Tailings in Borrow 20 30 0 - 
Embankment Raises 19 35 7 - 
Starter Embankment 19 30 17 - 
Upper Foundation 22 29 25 - 
Lower Foundation 22 30 40 - 

Rock Cover 20 38 0 - 
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E5  Results 

The results are presented in Tables E3 and E4 and are shown on Figures 17 to 26 of the main 
report for Sections A to E, respectively. 

Table E3:  Results of Effective Stress Slope Stability Analyses under Static Conditions 

Minimum Factor of Safety under Static Conditions 

Current Height Final Height Section 

Operating Post-PMP Operating Post-PMP 

A 2.64 2.09 2.10 1.69 

B 2.53 1.71 1.98 1.55 

C 3.32 2.44 2.54 1.59 

D 2.34 1.82 2.47 1.67 

E 1.78 1.49 1.91 1.48 

 

Table E4:  Results of Total Stress (Undrained) Slope Stability Analyses 

Minimum Factor of Safety 

Current Height Final Height Section 

OBE (0.07 g) MCE (0.14 g) Static OBE (0.07 g) MCE (0.14 g) 

A 1.99 1.61 2.07 1.66 1.38 

B 1.94 1.58 2.00 1.61 1.35 

C 2.59 2.11 2.54 1.96 1.59 

D 1.92 1.56 2.47 1.92 1.55 

E 1.49 1.26 1.73 1.44 1.23 

 

The above results indicate that slope instability at Fimiston II is unlikely to occur under 
current or final height conditions, even under expected MCE loading. 
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F SEEPAGE MODELLING 

F1 Introduction 

This Appendix presents the seepage analysis carried out to estimate the change in seepage 
rates between the current and proposed maximum allowable height of the embankments. 

Since the deposition of tailings to Fimiston II began in 1991, the embankments have been 
raised in staged increments to near the current maximum allowable height.  Staged 
construction of future embankment raises to the proposed maximum allowable height is 
expected to take place until about 2012. 

F2 Foundation soils 

The general geology in the project area is represented by an alluvial/colluvial/lacustrine 
sequence overlying weathered bedrock.  Outcrops of bedrock occur to the east of the C and D 
Paddocks of the TSF. 

The reported geological sequence at the TSF generally comprises: 

1. 1 to 2 m layer of surficial sand, silt, clay or gravel; 

2. 1 to 5 m layer of very stiff red-brown clay; 

3. 6 to 8 m layer of sandy clay, grading down to clayey sand and gravel; 

4. 1 to 4 m layer of ferricrete developed within blue-grey clays; 

5. >5 m layer of blue-grey or mauve clays;  

6. Weathered bedrock (mostly a clayey sequence). 

For modelling purposes, the lithological sequence was represented by three hydrostratigraphic 
units: 

1. Surficial silty sand layer 

2. Clay layer 

3. Weathered bedrock layer 
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F3 Conceptual Model 

The Fimiston II TSF covers an area of 388 ha.  It comprises three cells (A/B Paddock, 
C Paddock and D Paddock).  There is a starter embankment at the toe of the facility and a 
drain at the base of the starter embankments, which were formed from compacted clay.  
Drains and abstraction wells around the perimeter of the TSF are used to control seepage 
emanating from the TSF. 

Tailings deposition is rotated through each of the cells.  Deposition occurs on each of the cells 
for several months each year.  During tailings deposition, a decant pond is maintained at the 
centre of the cell.  The maximum area of the pond is ~15% of the surface area of the TSF cell, 
but is normally operated with a significantly smaller area. 

The TSF beach areas typically comprise a “wet beach” zone, situated around the pond and 
downstream of current or recently completed slurry discharge positions, and a “dry beach”, 
comprising partially saturated tailings.  The wet beach typically represents about 30% of the 
total beach area.  Most seepage from the TSF occurs from the pond and wet beach areas.  
Almost no seepage occurs from the dry beach areas because most of the water is held 
interstitially in the tailings. 

The conceptual seepage model is shown in Figure 27 of the main report.  From a 
hydrogeological perspective, the TSF is a complex system, and is heterogeneous and highly 
anisotropic.  The hydraulic parameters of the tailings depend on the following factors: 

1. Tailings are deposited in layers of coarse-grained and fine-grained tailings, thus the 
tailings are strongly anisotropic (horizontal permeability much higher than vertical 
permeability). 

2. Particle segregation:  Coarse-grained particles settle out of the slurry closer to the 
discharge point and fine-grained particles are generally transported to the centres of the 
respective cells.  Tailings permeability therefore decreases towards the centre of the cell. 

3. Consolidation:  As the height of the TSF increases, the tailings near the base of the TSF 
become more consolidated.  Thus, the permeability of the tailings decreases towards the 
base of the TSF. 

4. Preferential pathways occur throughout the TSF comprising desiccation cracks, zones of 
higher permeability and other features.  The average permeability of the in situ tailings 
could therefore be higher than what is measured on a small sample in the laboratory. 

5. The initial layer of tailings deposition in the TSF, however, experienced less segregation 
of particles due to the influence of the ground contours and a rapid rate of rise.  Thus, for 
the initial tailings layers, the permeability at the discharge point is similar to that in the 
centre of the TSF. 
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The flow behaviour through the TSF is also strongly influenced by the underlying foundation 
soils and groundwater conditions.  As a general principle, if the permeability of the 
foundation soils is higher than the permeability of the tailings, water will seep through the 
foundation soils and into the groundwater.  This is the case at Fimiston II TSF.   

Because of seepage from the tailings, a groundwater mound will typically develop underneath 
the TSF.  This groundwater mound underneath or within the TSF could affect seepage in the 
TSF.  Figure 28 of the main report shows two possible groundwater mounding scenarios 
underneath a typical tailings storage facility.   

In Scenario A, a groundwater mound has reached the base of the TSF (low mound).  The 
groundwater level is at or close to ground surface.  There is a high downward gradient in the 
TSF because of the high head difference between the pond level and the groundwater level, 
thus seepage flow is predominantly downward.  A phreatic surface has developed within the 
TSF because of infiltration from the pond and wet beach.  This water is perched on top of 
lower permeability tailings layers at the base of the TSF and has spread laterally because of 
the high anisotropy (horizontal permeability higher than vertical permeability).   

In Scenario B, a groundwater mound has developed within the TSF and the groundwater level 
is at or close to pond level (thus the aquifer is ‘artesian’).  There is a low downward hydraulic 
gradient in the TSF because of the small head difference between the pond level and the 
groundwater level, thus seepage flow is predominantly horizontal.  The groundwater mound 
forms, in effect, a hydraulic barrier, which limits seepage from the TSF.  A phreatic surface 
has developed within the TSF because of infiltration from the pond and wet beach.  This 
water is perched on top of groundwater mound and has spread laterally because of the high 
anisotropy and predominant horizontal hydraulic gradient. 

Accumulated evidence from the Fimiston II TSF monitoring data indicates that there is 
a low groundwater mound below the TSF, supporting Scenario A as a closer 
representation of the field conditions.  The evidence includes: 

1. piezoprobe data, which indicate a pore pressure of close to zero in the foundation soils 
below the TSF, thus the groundwater level in the foundation soils is at or slightly higher 
than ground level; and 

2. readings from the vibrating wire and standpipe piezometers within the TSF, which 
indicate a phreatic surface (if present) is located at depths near to the base of the facility. 

F4 Hydrogeological Parameters 

Based on the consolidation tests of the tailings at the TSF, the hydraulic conductivity is 
estimated to be in the order of 10-8 to 10-9 m/s (refer to Appendix C).  Permeability estimates 
from dissipation tests at various levels in the tailings mass in 2000 indicated hydraulic 
conductivities in the range of 10-7 to 10-8 m/s (Golder Associates, 2003). 
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F5 Model Construction 

The modelling software SEEP/W version 6.16 (GEO-SLOPE 2004) was used to simulate 
seepage through the TSF.  SEEP/W is a two-dimensional finite element code, and is widely 
used for seepage analyses. 

The TSF was divided into three regions, each characterised by unique foundation geology.  
Cross-sections I, II and III, located on Figure 29 of the main report, represented the geology at 
the northern, western and south-eastern zones of the Fimiston II TSF respectively.  Each 
model cross-section incorporates five layers and three zones, including the low permeability 
undifferentiated tailings at the base of the TSF. 

The model meshes of the cross-sections are shown in Figures 30 to 32.  The finite element 
mesh comprised between 2,238 and 5,396 elements, ranging in size from 1 m × 3 m at the 
starter embankment to 13 m × 14 m at the other regions in the model area.  The surface 
elevation is based on surveyed cross-sectional diagrams of the site and data is presented in 
Table F1. 

Table F1:  Current and Proposed Embankment Elevations and Heights 

 Section I Section II Section III 

Location A/B Paddock C Paddock D Paddock 

Approximate ground surface 
(m RL) 345 351 356 

Embankment Height (m) at 
October 2004 27.2 23.2 20.6 

Current Maximum Allowable 
Embankment Height (m) 30 32 30 

Proposed Maximum Allowable 
Embankment Height (m) 45 44 42 

In each case, the area modelled extends from the approximate centre of the TSF decant pond 
to a similar distance away from the perimeter embankment.  A nominal allowance of 150 m 
below the ground surface was incorporated in the model to eliminate boundary effects. 

Seepage from the TSF cross-sections was modelled using “transient” simulations, as seepage 
conditions at the TSF are not likely to have reached a “steady-state”.  The models were 
simulated for the durations of deposition of approximately ten years for the current maximum 
allowable embankment heights and subsequent period of about eight years for the proposed 
maximum allowable embankment heights. 
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F6 Boundary Conditions 

Pressure head boundaries with a value of 2 m were placed along the approximate area of the 
decant pond at the top of the TSF.  This represented a 2 m deep pond at the TSF surface.  The 
wet beach surrounding the pond was represented by pressure head boundaries with a value of 
0 m. 

Constant head boundaries were placed along the side of the model away from the TSF to 
simulate the approximate regional groundwater depth of 14 m.  Seepage face review 
boundaries were placed along the surface of the perimeter embankments and at the 
underdrains to allow the model to permit seepage at these locations. 

F7 Model Calibration 

F7.1 General 

Calibration of a model entails adjusting model input parameters in an attempt to match field 
conditions to acceptable criteria.  The seepage model was calibrated to steady-state and 
transient-state conditions. 

For the transient simulations, the seepage model was calibrated to current seepage rates 
through the TSF.  Current seepage rates were estimated from recorded groundwater recovery 
rates and the water balance model for the Fimiston II TSF, and are estimated to lie between 
50 and 60 L/s. 

Approximately 76 L/s of water is currently being recovered from abstraction wells from the 
TSF (personal communication: KCGM personnel).  The pumped water includes both seepage 
from the TSF, as well as groundwater abstraction.  It is not possible to ascertain the 
proportion of water from each source. 

The seepage model was also calibrated to hydraulic heads observed from piezometers located 
on the dry beach area of the TSF, screened within the tailings, and piezometers situated along 
the perimeter of the TSF, screened within the clay hydro-stratigraphical unit.  Because of 
limited access, however, there are no piezometers situated in the centre of the TSF, nor 
directly below the TSF. 

The vertical permeability of the tailings have been estimated based on back-calculations from 
the consolidation tests, which are contained in Appendix C (beached tailings).  The results 
show that the vertical permeability of the tailings is ~6 × 10-9 m/s and decreases with 
increasing pressure (and increasing depth).  At 400 kPa pressure (40 m depth) the 
permeability of the tailings is ~1 × 10-9 m/s.  In situ permeabilities could be up to one order of 
magnitude higher than has been estimated from the consolidation tests because of the 
presence of preferential pathways in the tailings, arising from desiccation cracks, sandy lenses 
within the tailings and other features. 



September 2005 - F6 - 05641089-R01 

 

Golder Associates 

In 2004, Golder carried out a piezoprobe investigation on the Fimiston Tailings Storage 
Facilities (Golder, 2004).  As part of this investigation, Golder carried out pore-pressure 
dissipation tests and estimated the horizontal permeability of the tailings.  The dissipation test 
results indicate a horizontal permeability ranging between 1.0 × 10-7 m/s and 2.8 × 10-8 m/s 
with a geometrical mean value of 6.0 × 10-8 m/s.   

The vertical and horizontal permeability estimates, based on the consolidation and dissipation 
test results, indicate a Kv:Kh anisotropy of between 1:1 and 1:10.  However, comparison of the 
piezoprobe results (measuring Kh) and the oedometer results (measuring Kv) suggests that it is 
possible for the vertical to horizontal anisotropy be up to 1:100 in the lower tailings layers. 

During the piezoprobe investigation carried out in 2004, the hydrostatic pore pressure 
distribution was measured at various locations through the TSF.  These measurements provide 
pressure head profiles throughout the tailings and into the foundation soils, against which the 
seepage model has been calibrated. 

In general, the pressure head profiles indicate that the phreatic surface is situated between 
0 and 10 m above the base of the TSF.  Generally, the pressure head gradient was lower than 
hydrostatic, which indicates downward flow of seepage water within the TSF. 

For almost all the pressure head profiles, the pore pressure at the base of the TSF was 0 m.  
These pressure head values were probably recorded within the foundation soils below the TSF 
(which is evident by the change in friction ratio, tip resistance and undrained shear strength).  
This indicates that the groundwater level is situated at, or below, the ground surface 
underlying the TSF.  

In summary, the seepage model has been calibrated to a series of criteria which were 
measured from various in situ tests, laboratory tests and water level data.  The model 
calibration criteria are summarised in Table F2.  

Table F2:  Model Calibration Criteria 

Parameter Value Comments & Reference 

Seepage rates from TSF Between 50 and 60 L/s 
Based on the water balance model for 
the TSF and seepage recovery rates 

provided by KCGM 

Piezometers situated at edge and 
within TSF 

Water level between 1 
and 10 m above base of 

TSF and remaining 
constant 

Monitoring data 
provided by KCGM 

Piezometers situated around the 
TSF 

Between 0 and 6 m 
below ground level 

Monitoring data 
provided by KCGM 

Pressure head at base of TSF  0 m Piezoprobe data 
(Golder 2004c)  
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Parameter Value Comments & Reference 

Permeability of tailings Between 1 × 10-7 m/s 
and 1 × 10-9 m/s  

Dissipation tests 
(Golder 2004c & Appendix C of this 

report) 

Anisotropy of tailings (Kv:Kh) 
due to layers of fine-grained and 

coarse-grained tailings 

Between 1:1 and more 
than 1:10 

Dissipation tests and consolidation tests
(Golder 2004c & Appendix C) 

Permeability of tailings decreases with depth due to 
consolidation and decreases towards centre of TSF because 

of particle size differentiation 

Consolidation tests 
(Appendix C of this report and 
experience-based judgement) 

 

F7.2 Model Calibration Runs 

A series of model runs were compiled and executed as part of the calibration of the seepage 
model and this is described below: 

Group Run 1 

This modelling run was based on the permeability values estimated from the consolidation 
and dissipation tests.  The seepage model comprised three zones within the TSF, with 
decreasing permeability towards the centre of the TSF (because fine grained tailings are 
situated at the centre of the TSF) and a decreasing permeability towards the bottom of the 
tailings (because of consolidation).  

The model predicted a groundwater mound developing underneath the tailings.  This 
modelled groundwater mound extends into the tailings, thus causing an increased pressure 
head at the base of the tailings.  The modelled mound also changed the hydraulic gradient in 
the tailings – there is a very small modelled downward gradient.  The groundwater mound 
acts as a hydraulic barrier to downward flow, which limits seepage from the TSF. 

It is our opinion that this modelling run does not represent actual flow behaviour in the TSF 
because a number of calibration criteria are not met.  In particular the modelled seepage rates 
are much lower than measured and pressure heads at the base of the TSF are much higher than 
measured. 

Group Run 2 

This calibration group comprised four separate modelling runs, in which the permeability of 
the tailings was gradually increased until the modelled seepage rates matched the seepage 
rates estimated from the water balance.  The number of zones remained the same (three), but 
the number of horizontal layers modelled was reduced to only one. 
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As with Group Run 1, the model predicted a groundwater mound developing underneath the 
tailings.  This modelled groundwater mound extends into the tailings, thus causing an 
increased pressure head at the base of the tailings.  The modelled mound also changed the 
hydraulic gradient in the tailings – there is a very small modelled downward gradient.  The 
groundwater mound acts as a hydraulic barrier to downward flow, which limits seepage from 
the TSF. 

We have judged that this modelling run also does not represent actual flow behaviour in the 
TSF because a number of calibration criteria are not met.  In particular the pressure heads at 
the base of the TSF are much higher than measured and the adopted permeability of the 
tailings are much higher than measured from both the consolidation and dissipation tests. 

Group Run 3 

For this calibration group run, the conceptual model was revised through the following 
changes to the seepage model: 

• A low permeability tailings layer (2m) was introduced at the base of the TSF which 
represents the initial deposition of un-segregated tailings on the ground surface.  It has 
been assumed that, during the initial deposition of tailings, the tailings did not segregate 
into coarse and fine grained tailings. 

• The number of tailings zones was reduced to one, comprising two material types, 
namely, a low permeability un-segregated tailings at the base of the TSF and the 
remainder comprising segregated tailings. 

• The permeability of the tailings was similar to the initial values. 

• The permeability of the clay layer underneath the TSF was increased from 1 × 10-8 to 
5 × 10-7 m/s  

The lower permeability undifferentiated tailings layer reduced the seepage into the 
groundwater, while the higher permeability clay layer increased the horizontal groundwater 
flow velocity.  These two factors resulted in a reduction of the extent of groundwater mound 
developing underneath the TSF.  

The model predicted less extensive groundwater mounding underneath the tailings compared 
to previous modelling runs, with the mound reaching the ground level underneath the TSF.  
The hydraulic gradient in the TSF is predominantly downwards with a value slightly higher 
than one.  In contrast to previous models, the groundwater mound does not act as a hydraulic 
barrier to downward flow.  

The tailings water is perched on top of the low permeability undifferentiated tailings at the 
base of the TSF and spreads towards the outside of the TSF. 
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For this modelling run, all of the model calibration criteria have been met within acceptable 
criteria.  However, we could not find any evidence of a sharp transition of permeability 
between the lower undifferentiated tailings and the remaining segregated tailings in the 
monitoring data, as suggested by the model.  Thus we could not justify the conceptual model 
assumed for Group Run 3. 

Group Run 4 

For this calibration group run, five layers and three zones were reincorporated into the 
seepage model, similar to Group Run 1.  However, the low permeability undifferentiated 
tailings was retained at the base of the TSF.  Thus, there is a gradual decrease of permeability 
towards the base of the TSF, caused by consolidation of the tailings.  There is also a gradual 
decrease of permeability towards the centre of the TSF because of segregation, except for 
Layer 1, at the base of the TSF, where little segregation took place. 

The lower permeability un-segregated tailings layer reduced the seepage from the TSF into 
the groundwater while the higher permeability clay layer within the foundation soils increased 
the horizontal groundwater flow velocity.  These two factors resulted in a reduction of the 
extent of groundwater mound developing underneath the TSF.  

Approximately 70 modelling runs were carried out for Group Run 4 and for each modelling 
run the parameters of the tailings were adjusted until it matched the model calibration criteria. 

The following boundaries were set for Group Run 4: 

1. A pressure head boundary of 2 m (representing a 2 m deep pond) along 10% of the TSF 
surface. 

2. A pressure head boundary of 0 m on the “wet beach” of the TSF representing water 
infiltrating the wet beach area. 

3. A seepage boundary along the drain (to allow seepage through the drain of the TSF). 

4. A constant head boundary of 336 m at a distance of ~700 m from the toe of the TSF 
representing the regional groundwater level. 

The comparison of the model results with the model criteria is summarised in Table F3 below. 
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Table F3:  Comparison of Group Run 4 Model Results 

Parameter Criteria  Model Value 

Seepage rates from TSF Between 50 and 60 L/s 51 L/s 

Piezometers situated at edge 
and within TSF 

Water level between 1 and 
10 m above base of TSF and 

remaining constant 

Water level between 1 and 8 m 
above base of TSF and remaining 

constant 

Piezometers situated around 
the TSF 

Between 0 and 6 m below 
ground level 

Between 6 and 13 m below ground 
level 

Pressure head at base of TSF  0 m Between 0 and 2 m 

The groundwater mound underneath the tailings predicted by the model is similar to that of 
Group Run 3.  The hydraulic gradient in the TSF is predominantly downwards with a value 
slightly higher than one.  As with Group Run 3, the groundwater mound does not act as a 
hydraulic barrier to downward flow.  The tailings water is perched in the TSF and spreads 
towards the outside of the TSF because of the relatively higher horizontal permeability of the 
tailings. 

For this modelling run, all of the model calibration criteria have been met within acceptable 
limits and the modelling assumption could be justified.  We have judged that this modelling 
run reasonably represents actual flow conditions in the TSF and can therefore be used 
for prediction of seepage rates at the Fimiston II TSF. 

F8  Input Parameters 

The hydraulic properties adopted in the numerical models are shown in Table F4, and are 
within the expected range of permeability for these materials (Golder 2004c and Appendix C). 

Table F4:  Initial and Calibrated Hydraulic Parameters 

Initial Value Calibrated Value 
Parameter Porosity 

Kv (m/s) Kv:Kh Kv (m/s) Kv:Kh 

Layer 1, Zone 1 (2 m) 50% 1 × 10-9  1:1 1.3 × 10-9  1:1.5 

Layer 2, Zone 1 (7 m) 50% 2 × 10-9 1:1 4 × 10-9 1:10 

Layer 3, Zone 1 (7 m) 50% 3 × 10-9 1:1 6 × 10-9 1:10 

Layer 4, Zone 1 (7 m) 50% 4 × 10-9 1:1 8 × 10-9 1:10 

Layer 5, Zone 1 (4.5 m) 50% 5 × 10-9 1:1 1 × 10-8 1:10 

Layer 1, Zone 2 (2 m) 50% 1 × 10-8  1:2 1.3 × 10-9  1:4 

Layer 2, Zone 2 (7 m) 50% 2 × 10-8 1:2 2 × 10-8 1:10 

Layer 3, Zone 2 (7 m) 50% 3 × 10-8 1:2 3 × 10-8 1:10 

Layer 4, Zone 2 (7 m) 50% 4 × 10-8 1:2 4 × 10-8 1:10 

Layer 5, Zone 2 (7 m) 50% 5 × 10-8 1:2 5 × 10-8 1:10 
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Initial Value Calibrated Value 
Parameter Porosity 

Kv (m/s) Kv:Kh Kv (m/s) Kv:Kh 

Layer 1, Zone 3 (2 m) 50% 1 × 10-7  1:10 1.3 × 10-9  1:8 

Layer 2, Zone 3 (7 m) 50% 2 × 10-7 1:10 3 × 10-8 1:20 

Layer 3, Zone 3 (7 m) 50% 3 × 10-7 1:10 3.5 × 10-8 1:20 

Layer 4, Zone 3 (7 m) 50% 4 × 10-8 1:10 4 × 10-8 1:20 

Layer 5, Zone 3 (7 m) 50% 5 × 10-7 1:10 4.5 × 10-8 1:20 

Silty Sand (2 m) 41% 1 × 10-6 1:2 1 × 10-6 1:5 

Clay (16 m) 51% 1 × 10-8 1:2 5 × 10-7 1:5 

Weathered Bedrock 5% 1 × 10-6 1:2 1 × 10-6 1:5 

Drain 35% 1 × 10-4 1:1 1 × 10-4 1:1 

Starter embankment 41% 1 × 10-8 1:1 1 × 10-8 1:1 

 

F9 Results 

The results of the analyses are presented as estimates of the seepage rates at the base of the 
TSF.  The estimates of unit seepage rates for each of the three zones of the TSF were based on 
the three cross-sections described previously (refer Figure 29).  The estimated fluxes were 
multiplied by the length of perimeter of the TSF facility applicable to each of the three zones. 

The phreatic surfaces and total head contours of the three modelled cross-sections are shown 
in Figures 33 to 35.  The estimated seepage rates from the TSF at current and proposed 
maximum embankment heights are shown in Table F5. 

Table F5:  Estimated Seepage from Fimiston II TSF 

Zone of TSF 
At Current Maximum 
Licensed Embankment 

Height (L/s) 

At Proposed Maximum 
Licensed Embankment 

Height (L/s) 
Northern Zone 18 19 
South-eastern Zone 17 18 
Western Zone 16 16 
Total Estimated Seepage 51 53 

 

F10 Conclusion 

It is estimated that the proposed increase in embankment height of the Fimiston II TSF will 
result in modelled seepage of the order of 51 to 53 L/s and little different to the seepage at the 
currently licenced height due to the downward hydraulic gradient within the tailings 
remaining approximately constant as the embankment height increases. 
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APPENDIX G 
 

DAM BREAK ANALYSIS 
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G  DAM BREAK ANALYSIS 

G1 Introduction 

The interaction and inter-dependency of the many possible causes of a “dam break” of one or 
more of the three Paddocks on the Fimiston II TSF (referred to as A/B, C and D – Figure 36) 
have complicated this assessment.  It is very rare for a failure of any TSF to occur as a result 
of a single event.  Failure of The Fimiston II TSF is only likely to be a result of an unfortunate 
combination of events that may not have been readily foreseeable prior to the occurrence of 
failure.  In many documented cases of flow failures, the mechanisms of failure have arisen 
from complex combinations of conditions that could not have been easily predicted by the 
designers or operators prior to failure.  It has therefore been important to carry out this study 
in a manner that allows for the consideration of a wide variety of contributions to a possible 
dam break and subsequent flow failure of the TSF. 

A quantitative risk-based approach, making use of Fault and Event Trees, has been adopted as 
the underlying methodology for this study.  This is considered to be a suitable technique, in 
that it allows for the inclusion of multiple variations and combinations of possible causes of 
failure resulting in a dam break, as well as allowing for a reasonable assessment of the 
consequences of its occurrence.  This study has drawn upon Golder Associates’ knowledge of 
the site, as well as information obtained from KCGM. 

G2 Objectives 

The objectives of this study were to provide the following: 

• An indication of the possible mechanisms of TSF failure that could lead to a breach of 
the facility, resulting in the subsequent release of water and/or liquefied tailings to the 
downstream environment. 

• An indication of the route and geometry of a flow of water and liquefied residue 
following a breach of an outer wall of one or more Paddock. 

• An estimation of the risks of inundation downstream of the breach. 

• A defensible analysis that satisfies the requirements of the local authorities and other 
interested parties and forms part of an emergency action plan to be incorporated into the 
TSF Operating Manual. 
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G3 Study Scope and Limitations 

To address the above objectives the study scope covers identification and assessment of the 
potential failure of Paddocks A/B, C and D that could precipitate a dam break and release of 
significant volumes of liquefied tailings and/or water to the downstream environment.  The 
study has excluded consideration of failures that would only result in relatively minor 
consequences. 

The risk-based dam break assessments have been carried out using qualitative and 
quantitative methods, as broadly referenced in Australian Standard AS 3931:1998, and 
following the recommended protocol by Williams (1998). 

G4 Method Adopted 

G4.1 Step 1 – Qualitative Assessment 

The initial step in this study involved a qualitative assessment of potential “pathways” of dam 
breaks that could conceivably result in release of significant volumes of material to the 
downstream environment.  These pathways are schematically illustrated on Figure 36 and are 
described below. 

• Pathway 1 – breach of the south-western embankment of C Paddock, resulting in release 
of tailings and/or water directly on to the Trans-Australian Railway. 

• Pathway 2 – breach of the south-western embankment of A/B Paddock, resulting in 
release of tailings and/or water directly on to the Trans-Australian Railway. 

• Pathway 3 – breach of the northern embankment of A/B Paddock, resulting in release of 
tailings and/or water directly on to the Bulong Road. 

• Pathway 4 – breach of the northern embankment of D Paddock, resulting in release of 
tailings and/or water directly on to the Bulong Road. 

• Pathway 5 – breach of the eastern embankment of D Paddock, resulting in release of 
tailings and/or water that may impact on the Trans-Australian Railway. 

Having identified the pathways of potential failures from the TSF, the next step involved the 
identification of mechanisms of possible failures.  Such mechanisms include some, or all, of 
the following for each pathway: 

• Overtopping of a perimeter embankment. 

• Slope failure of the outer embankment (under static and earthquake conditions). 
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• Piping erosion failure through the embankment. 

• Progressive sloughing due to seepage. 

• Erosion of the outer embankment due to pipe breakage. 

• Progressive wind/rainfall erosion of outer embankment. 

G4.2 Step 2 – Quantitative Assessment 

The flow chart below summarises the procedure that was followed in the quantitative risk 
assessment process. 

  SITE FAMILIARISATION 
• inspections 
• research 
• communications 

  

      
  

HAZARD IDENTIFICATION 
  

      
      

PATHWAY DEFINITION   TARGET IDENTIFICATION 
• in line with objectives 

      
      
  SITE SUBDIVISION 

• into individual Paddocks 
  

      
  IDENTIFY CRITICAL 

PATHWAYS 
• reset objectives if necessary 

  

      
  SET OUT LOGIC IN A 

CAUSE/CONSEQUENCE TREE 
• model pathways 

  

      
  ADD PROBABILITIES TO 

PRODUCE A FAULT/EVENT 
TREE 

  

      
  SENSITIVITY ANALYSIS 

• identify key faults & pathways 

  

      
  FOCUS ON KEY AREAS AND 

REFINE PROBABILITY 
ESTIMATES 

  

      
  RISK CHARACTERISATION 

• compare to acceptable limits 
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The components of the above flow chart are discussed below. 

Site Familiarisation 

Members of the dam break study team have had a long association with the Fimiston II TSF 
and are familiar with the site.  No specific site visit was required for this study.  Additional 
work involved collation of available data, examination of aerial photographs of potential areas 
of impact, dialogue with personnel associated with the TSF and research into cases of a 
similar nature. 

Hazard Identification 

The above work facilitated the identification of potential hazards associated with the TSF 
(note: a “hazard” represents anything that can “do harm” – in this study, potential to cause or 
contribute to a flow failure). 

Target Identification/Pathway Definition 

These two activities were carried out in parallel.  Having identified the hazards on the TSF, it 
was necessary to define the pathways that discharges may follow to reach the defined 
target(s).  The targets were defined as users of the “Trans-Australian Railway” and the 
“Bulong Road”.  However, it was recognised that personnel working on or near to the TSF are 
also targets. 

Site Subdivision 

Due to the complex nature of the site and the high variability of hazard distribution across the 
TSF, it was logical to subdivide the TSF into the three Paddocks and further into zones of 
similar character (i.e. each potential failure mechanism on each applicable embankment).  
This procedure simplified the subsequent steps in the risk assessment. 

Identify Critical Pathways 

To avoid proceeding with an unnecessarily long, time consuming and inherently expensive 
process, only those pathways identified in the qualitative assessment were pursued further in 
the risk assessment. 

Develop Cause/Consequence Tree 

The logic of each pathway was modelled by means of “cause” and “consequence” trees.  
Potential causes that lead to the defined “top cause” were identified and logically related by 
means of “AND” gates or “OR” gates, depending upon whether they are statistically 
dependent on, or independent of, each other.  The cause trees were extended into consequence 
trees, in which the likely consequences of occurrence of the top cause are modelled.  At this 
stage no probabilities were added, with only words and symbols used to establish the pathway 
models. 
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Develop Fault/Event Tree 

Having established a number of cause/consequence trees that model the potential pathways 
from the hazards to the target, probabilities were assigned to the cause/consequence trees.  
The probabilities were assigned on the basis of professional judgement and limited simple 
calculations, where appropriate.  The inclusion of probabilities (or numbers) in the 
cause/consequence trees convert them to so-called “fault/event” trees.  A fault tree models 
the system faults (or failure events) that lead to initiation of the “top fault” (embankment 
failure leading to release of residue and/or water from the TSF).  An event tree models the 
possible consequences of occurrence of the top fault, leading to a pre-defined “target”. 

Sensitivity Analysis 

Many of the probabilities that were initially assigned to the fault/event trees have an inherent 
high degree of uncertainty.  It was therefore necessary to carry out a sensitivity analysis on the 
trees to identify those faults that have a significant impact upon the end result (i.e. to ascertain 
the “key areas” of the fault/event trees).  The identified key faults and events were then varied 
within reasonable limits to measure their relative impacts on the overall result. 

Focus on Key Areas and Refine Probabilities 

Only those areas revealed by the sensitivity analysis as having a significant impact on the end 
result were focused upon.  After varying the appropriate assigned values within reasonable 
limits and providing additional consideration to the final values selected, it is judged that 
there is a sufficiently high confidence in the reported magnitude of the overall risks. 

Risk Characterisation 

An assessment of the overall risks has been made by adopting the same judgment used to 
assign probabilities to the individual faults in the fault trees.  It will be incumbent on KCGM 
to ascertain whether the level of risk associated with the occurrence of a dam break is 
acceptable or not. 

G5 Fault/Event Analysis 

G5.1 Introduction 

The quantitative analysis draws upon a fault/event analysis to systematically combine all 
potential faults in the system and evaluate the possible consequences of failure.  Such an 
approach is very disciplined and also allows for incorporation of human interactions and 
physical phenomena.  The technique is also flexible and powerful. 
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The approach that was followed involved the identification of system faults that could 
potentially result in a “dam break” and the consequential release of liquefied residue and/or 
water.  The consideration of the interaction of two or more failure events that could combine 
to result in a flow failure is particularly relevant, and hence the technique draws upon: 

• a fault tree to represent the potential combination of possible causes of a failure; and  

• an event tree to represent the consequences of failure. 

G5.2 Development of Cause/Consequence and Fault/Event Trees 

For a dam break study a “fault” (or “failure event”) is defined as any possible contributory 
cause of a failure of the TSF, such that there could be a concomitant release of tailings and/or 
water from the facility in sufficient quantity to induce a flow failure.  An “event” is defined as 
any consequence of such a flow failure. 

Faults are combined in the fault tree using AND gates and OR gates as follows: 

• “AND” gates are used where two or more faults are statistically dependent upon each 
other. 

• “OR” gates are used where two or more faults are statistically independent of each other. 

Probabilities of faults in the fault tree are calculated according to the formulae: 

• For OR gates:  Pt = 1 - (1 - P1) × (1 - P2) × ...... × (1 - Pn) 

• For AND gates: Pt = P1 × P2 ×........× Pn 

where P1 , P2  etc,are contributory components to Pt. 

The event tree is developed as a series of questions that progressively eliminate consequences 
of lesser significance, culminating in the identification of the top event.  This may be defined 
as, “discharge impacts on users of the Bulong Road or Trans-Australian Railway”. 

Probabilities (value between 0 and 1) are assigned to an affirmative answer to each question 
in the event tree, the probability of a negative answer (Pno) being calculated as 1 - Pyes. 

Probabilities in the fault/event tree are assigned through professional judgement, augmented 
where necessary by calculations.  A guide used in the assignment of probabilities to the 
lowermost faults in the fault tree is as follows: 
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1e-6 (1 in 1 million)  Almost impossible or negligible (no published information on a 
similar case exists) 

1e-5 (1 in 100,000)  Highly improbable (published information exists, but in a 
slightly different context) 

1e-4 (1 in 10,000)  Very Unlikely (it has happened elsewhere, but some time ago) 

1e-3 (1 in 1,000)  Unlikely (recorded recently elsewhere) 

1e-2 (1 in 100)  Possible (could have occurred already without intervention) 

0.1 (1 in 10)  Highly probable (a previous incident of a similar nature has 
occurred already) 

0.2 – 0.5 (1 in 5 to 1 in 2)  Uncertain (nearly equal chance of occurring to that of not 
occurring) 

0.5 - 0.9 (>1 in 2)  Nearly certain (one or more incidents of a similar nature have 
occurred recently) 

1 (or 0.999)  Certain (or as near to, as makes no significant difference) 

 

G5.3 Fimiston II Fault/Event Trees 

The overall fault/event tree is presented in Figure 37.  This figure indicates how a release 
downstream of the TSF could potentially occur for each pathway, following a release of 
solids/water due to structural damage or overtopping.  The probabilities assigned to each of 
the consequences have been based on the likely volume of material to be released and the 
available capacity of the downstream facilities.   

The fault trees and the justification for value that were assigned to the faults for each 
individual pathway are presented in pages G10 to G17 and Figures G1 to G16.  The values 
assigned to the faults are applicable to the condition of the facilities between late 2004 and 
closure (2012). 

G6 Results 

The results of the probabilistic dam break analysis of Fimiston II are shown on the overall 
fault/event tree (Figure 37), and are summarised in Table G1 below: 
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Table G1:  Summary of Results of Probabilistic Dam Break Analysis 

Annual Probability of Occurring* 

Pathway Due to Structural 
Failure Due to Overtopping Overall 

1 7.63 × 10-7 or about 1 in 
1.3 million 

2.78 × 10-10  
(i.e. negligible) 

7.63 × 10-7 or about 
1 in 1.3 million 

2 8.81 × 10-7 or about 1 in 
1.1 million 

7.52 × 10-10 

(i.e. negligible) 
8.81 × 10-7 or about 

1 in 1.1 million 

3 8.61 × 10-7 or about 1 in 
1.1 million 

7.28 × 10-10 

(i.e. negligible) 
8.62 × 10-7 or about 

1 in 1.1 million 

4 2.67 × 10-7 or about 1 in 
3.7 million 

6.83 × 10-10 

(i.e. negligible) 
2.68 × 10-7 or about 

1 in 3.7 million 

5 2.67 × 10-7 or about 1 in 
3.7 million 

6.83 × 10-10 

 (i.e. negligible) 
2.68 × 10-7 or about 

1 in 3.7 million 

Combined 3.04 × 10-6 or about 1 in 
330,000 

3.12 × 10-9 

 (i.e. negligible) 
3.04 × 10-6 or about 

1 in 330,000 

Note: * –  Probability of occurring at least once in any one calendar year during remaining operational life 

It is evident from the results of the analysis that there is an annual probability of about 1 in 
330,000 for a release of material from Fimiston II.  Using the guide adopted in the assignment 
of probabilities to the lowermost faults in the fault trees the risk is judged to be “highly 
improbable” to “almost impossible”. 

The risk of loss of life or injury, in the event that material is released from Fimiston II, is 
estimated to be approximately 1 in 550,000.  This risk is lower than the risk of dam break 
occurring but, as with the probability of release of material from Fimiston II, the risk of loss 
of life or injury occurring due to dam break is judged to be “highly improbable” to “almost 
impossible”.   

The approach to estimating this risk is presented in Table G2 below: 
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Table G2:  Probability of Consequences 

Flow 
Path Paddock Emb Failure 

Type

Risk of 
Release 
Due to 
Failure

Probability 
of 

Occurrence
Shift Location Likelihood 

of Contact
Employees 

Exposed % of Time Product
Members of 

Public 
Exposed

% of Time Product
Risk of Loss 

of Life or 
Injury

Passenger Train 1 0 0.06% 0.0 200 0.06% 0.1 8.39E-08
Goods Train 1 0 1.50% 0.0 4 1.50% 0.1 4.58E-08
Bulong Rd 1 30 0.10% 0.0 150 0.10% 0.2 1.37E-07
On TSF 0 5 0.50% 0.0 0 0.50% 0.0 0.00E+00

Around TSF 0.1 5 0.50% 0.0 0 0.50% 0.0 1.91E-09
Passenger Train 1 0 0.06% 0.0 0 0.06% 0.0 0.00E+00

Goods Train 1 0 1.50% 0.0 0 1.50% 0.0 0.00E+00
Bulong Rd 1 14 1% 0.1 10 1% 0.1 1.83E-07
On TSF 0 2 0.50% 0.0 2 0.50% 0.0 0.00E+00

Around TSF 0.1 2 0.50% 0.0 2 0.50% 0.0 1.53E-09
Passenger Train 1 0 0.06% 0.0 200 0.06% 0.1 9.69E-08

Goods Train 1 0 1.50% 0.0 4 1.50% 0.1 5.29E-08
Bulong Rd 1 30 0.10% 0.0 150 0.10% 0.2 1.59E-07
On TSF 0 5 0.50% 0.0 0 0.50% 0.0 0.00E+00

Around TSF 0.1 5 0.50% 0.0 0 0.50% 0.0 2.20E-09
Passenger Train 1 0 0.06% 0.0 0 0.06% 0.0 0.00E+00

Goods Train 1 0 1.50% 0.0 0 1.50% 0.0 0.00E+00
Bulong Rd 1 14 1% 0.1 10 1% 0.1 2.12E-07
On TSF 0 2 0.50% 0.0 2 0.50% 0.0 0.00E+00

Around TSF 0.1 2 0.50% 0.0 2 0.50% 0.0 1.76E-09
Passenger Train 0.001 0 0.06% 0.0 200 0.06% 0.1 9.48E-11

Goods Train 0.001 0 1.50% 0.0 4 1.50% 0.1 5.17E-11
Bulong Rd 1 30 0.10% 0.0 150 0.10% 0.2 1.55E-07
On TSF 0 5 0.50% 0.0 0 0.50% 0.0 0.00E+00

Around TSF 0.2 5 0.50% 0.0 0 0.50% 0.0 4.31E-09
Passenger Train 0.001 0 0.06% 0.0 0 0.06% 0.0 0.00E+00

Goods Train 0.001 0 1.50% 0.0 0 1.50% 0.0 0.00E+00
Bulong Rd 1 14 1% 0.1 10 1% 0.1 2.07E-07
On TSF 0 2 0.50% 0.0 2 0.50% 0.0 0.00E+00

Around TSF 0.2 2 0.50% 0.0 2 0.50% 0.0 3.45E-09
Passenger Train 0.001 0 0.06% 0.0 200 0.06% 0.1 2.95E-11

Goods Train 0.001 0 1.50% 0.0 4 1.50% 0.1 1.61E-11
Bulong Rd 1 30 0.10% 0.0 150 0.10% 0.2 4.82E-08
On TSF 0 5 0.50% 0.0 0 0.50% 0.0 0.00E+00

Around TSF 0.2 5 0.50% 0.0 0 0.50% 0.0 1.34E-09
Passenger Train 0.001 0 0.06% 0.0 0 0.06% 0.0 0.00E+00

Goods Train 0.001 0 1.50% 0.0 0 1.50% 0.0 0.00E+00
Bulong Rd 1 14 1% 0.1 10 1% 0.1 6.43E-08
On TSF 0 2 0.50% 0.0 2 0.50% 0.0 0.00E+00

Around TSF 0.2 2 0.50% 0.0 2 0.50% 0.0 1.07E-09
Passenger Train 1 0 0.06% 0.0 200 0.06% 0.1 2.95E-08

Goods Train 1 0 1.50% 0.0 4 1.50% 0.1 1.61E-08
Bulong Rd 1 30 0.10% 0.0 150 0.10% 0.2 4.82E-08
On TSF 0 5 0.50% 0.0 0 0.50% 0.0 0.00E+00

Around TSF 0.1 5 0.50% 0.0 0 0.50% 0.0 6.70E-10
Passenger Train 1 0 0.06% 0.0 0 0.06% 0.0 0.00E+00

Goods Train 1 0 1.50% 0.0 0 1.50% 0.0 0.00E+00
Bulong Rd 1 14 1% 0.1 10 1% 0.1 6.43E-08
On TSF 0 2 0.50% 0.0 2 0.50% 0.0 0.00E+00

Around TSF 0.1 2 0.50% 0.0 2 0.50% 0.0 5.36E-10
Passenger Train 0 0 0.06% 0.0 200 0.06% 0.1 0.00E+00

Goods Train 0 0 1.50% 0.0 4 1.50% 0.1 0.00E+00
Bulong Rd 0 30 0.10% 0.0 150 0.10% 0.2 0.00E+00
On TSF 0.1 5 0.50% 0.0 0 0.50% 0.0 1.05E-09

Around TSF 0 5 0.50% 0.0 0 0.50% 0.0 0.00E+00
Passenger Train 0 0 0.06% 0.0 0 0.06% 0.0 0.00E+00

Goods Train 0 0 1.50% 0.0 0 1.50% 0.0 0.00E+00
Bulong Rd 0 14 1% 0.1 10 1% 0.1 0.00E+00
On TSF 0.1 2 0.50% 0.0 2 0.50% 0.0 8.40E-10

Around TSF 0.0 2 0.50% 0.0 2 0.50% 0.0 0.00E+00
Passenger Train 0 0 0.06% 0.0 200 0.06% 0.1 0.00E+00

Goods Train 0 0 1.50% 0.0 4 1.50% 0.1 0.00E+00
Bulong Rd 0 30 0.10% 0.0 150 0.10% 0.2 0.00E+00
On TSF 0.1 5 0.50% 0.0 0 0.50% 0.0 9.90E-08

Around TSF 0 5 0.50% 0.0 0 0.50% 0.0 0.00E+00
Passenger Train 0 0 0.06% 0.0 0 0.06% 0.0 0.00E+00

Goods Train 0 0 1.50% 0.0 0 1.50% 0.0 0.00E+00
Bulong Rd 0 14 1% 0.1 10 1% 0.1 0.00E+00
On TSF 0.1 2 0.50% 0.0 2 0.50% 0.0 7.92E-08

Around TSF 0.0 2 0.50% 0.0 2 0.50% 0.0 0.00E+00
Passenger Train 0 0 0.06% 0.0 200 0.06% 0.1 0.00E+00

Goods Train 0 0 1.50% 0.0 4 1.50% 0.1 0.00E+00
Bulong Rd 0 30 0.10% 0.0 150 0.10% 0.2 0.00E+00
On TSF 0.1 5 0.50% 0.0 0 0.50% 0.0 2.05E-09

Around TSF 0 5 0.50% 0.0 0 0.50% 0.0 0.00E+00
Passenger Train 0 0 0.06% 0.0 0 0.06% 0.0 0.00E+00

Goods Train 0 0 1.50% 0.0 0 1.50% 0.0 0.00E+00
Bulong Rd 0 14 0.10% 0.0 10 0.10% 0.0 0.00E+00
On TSF 0.1 2 0.50% 0.0 2 0.50% 0.0 1.64E-09

Around TSF 0.0 2 0.50% 0.0 2 0.50% 0.0 0.00E+00
Weighted Averages 0.02 0.00 1.81E-06

Total of 1

8.62E-07

8.81E-07
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The results are summarised in the F-N chart below, which is based on internationally 
recognised risk thresholds for large dams. 

 

G8 Conclusions 

This study has demonstrated through a quantitative fault/event analysis that, throughout the 
remaining operational life of Fimiston II, the likelihood of release of water and/or solids to the 
downstream environment due to a breach of the TSF is estimated to be about 1 in 330,000 per 
annum.  It is evident from the F-N plot shown above that there is an acceptable level of risk 
associated with a dam break from the Fimiston II TSF.  This is based on the estimated (and 
conservatively rounded up) weighted average exposure of one person at any one time. 
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(01) Internal Pathways Exist 0.5 Has been observed in TSFs previously operating in area
(02) Internal Pathways Connect With Conduit 1.00E-02 It is possible that the pathways have connected with conduit
(03) Pond Water Reaches Conduit via Pathway 0.1 It is possible for water to flow through pathways and reach conduit
(04) Erosion Around Conduit 1.00E-03 Difficult to detect but has been known to occur in other TSFs
(05) Chemical Attack on Conduit 1.00E-05 Highly improbable as chemical attack would have been considered during installation
(06) Differential Settlement Deforms Conduit 1.00E-06 Almost impossible due to geology of foundation

(07) Internal Piping Exists - Has been observed in TSFs previously operating in area
(08) Cont. Internal Pathway Connects to  Def. Zone 1.00E-03 Unlikely, but has been recorded at other TSFs
(09) Pond Water Connects to Int. Pathway 1.00E-03 Water will flow through a pathway if it is continuous between pond and defective zone
(10) Coarse Material Used as Fill 1.00E-04 Very unlikely as 50% of tailings near emb. are <0.075mm in size
(11) Poorly Consolidated Zone of Fill 0.1 High probable that a poorly consolidated zone of fill exists at some location
(12) Unexpected Material Properties in Fill 1.00E-02 Unlikely

(13) Water Flows Into Anisotropic Zone 0.1 Highly probable that water will flow into anisotropic zone
(14) Water Flow Reaches Def. Zone 0.01 Possible that water flow reaches defective zone
(15) Overtopping of D Paddock into C Paddock - Linked to Overtopping of D Paddock into C Paddock
(16) Structural Damage of C/D Paddock Div. Wall - Linked to Structural Damage of C/D Division Wall
(17) Coarse Material Used as Fill - Very unlikely as 50% of tailings near emb. are <0.075mm in size
(18) Poorly Consolidated Zone of Fill - High probable that a poorly consolidated zone of fill exists at some location
(19) Unexpected Material Properties in Fill - Unlikely

(20) Earthquake Occurs 2.00E-03 Operating Base Earthquake = 1:500 year change of occuring
(21) Settlement Occurs Under Upstream Raise 0.1 Highly probable following large earthquake event
(22) Loose Soils Present 1.00E-03 Unlikely, given monitoring regime during construction
(23) Lateral Spreading Occurs (Shakedown) 0.1 Highly probable following large earthquake event
(24) Weak/Compressible Soils Present 1.00E-04 Highly unlikely 
(25) Soils Subject to Liquefaction Present 1.00E-05 Very low likelihood of soils liquefying

(26) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(27) Liquefaction of Tailings Due to Earthquake 5.00E-05 Based on previous reports, it is very unlikely to highly improbable that it occurs
(28) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(29) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(30) Tailings Adjacent To Embankment Settles 0.1 Highly probable following earthquake event
(31) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(32) Compressible Soils Present in Emb. 1.00E-04 Very unlikely
(33) Settlement Occurs Under Upstream Raise 1.00E-02 Possible, but less likely than on A/B paddock embankment walls
(34) Weak/Compressible Soils Present in Foundation 1.00E-04 Highly unlikely 

(35) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(36) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(37) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(38) Tailings Adjacent To Embankment Settles 1.00E-03 Unlikely
(39) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(40) Slope Failure Induces Localised Static Liquefaction 1.00E-03 Unlikely that liquefaction occurs along C emb. Wall
(41) Static Conditions Prevail - 1 - p(Earthquake Occurs)
(42) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(43) Slope Failure Occurs (Under Static Conditions) 1.00E-05 Highly improbable, walls have been designed & constructed with sufficient factor of safety
(44) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be twice as likely after previous construction problems
(45) Issue not Addressed 0.1 Will be difficult to remedy slope failure due to poor soil conditions around failure location.
(46) Unconsolidated Material Present At Depth 1.00E-03 Unlikely to occur due based on previous observations
(47) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x more likely after previous construction problems
(48) Sub-standard Fill Material 0.1 Highly Probable
(49) Substandard Compaction 1.00E-02 Possible

(50) Slope Failure Induces Localised Static Liquefaction 1.00E-02 Ten times more likely to occur under dynamic conditions
(51) Earthquake > OBE Occurs 1.00E-03 1:100 year earthquake event.
(52) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(53) Slope Failure Occurs (Under Dynamic Conditions) 1.00E-04 More likely to occur under dynamic conditions.
(54) Unconsolidated Material Present At Depth 1.00E-03 Unlikely to occur due based on previous observations
(55) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be 10x as likely to occur in the event of an earthquake
(56) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x as likely to occur in the event of an earthquake
(57) Sub-standard Fill Material - ? Check reports for standard of fill materials
(58) Substandard Compaction - ? Check reports for standard of compaction

(59) Subsequent Rainfall 2.50E-05 1:40,000 year rainfall will result in overtopping if freeboard in D Paddock is reduced by 0.2 m
(60) C/D Division Wall Release Due to Struc. Damage - (48)
(61) C/D Division Wall Release Due to Overtopping - (49)

(62) Subsequent Rainfall 1.00E-04 Reduced freeboard only, no sudden inflow - requires 1:10,000 year rainfall to overtop

(63) No Action Taken 1.00E-04 Very unlikely that high pond levels are not addressed
(64) Rainfall Event 1.00E-03 1:1000 year rainfall event required
(65) Blocked Decant 1.00E-03 Unlikely to occur, but blockages are possible

(66) Causes Depression of Crest (Slope Failure) 1.00E-02 Possible since slope failure is likely to occur near crest due to location of phreatic surface

(67) No Action Taken 1.00E-04 Very unlikely that no immediate action is taken after erosion occurs
(68) Burst Pipe Occurs For a Long Period 1.00E-03 Unlikely to occur, but has happened before in C paddock
(69) Due to Shrinkage/Dessication 1.00E-03 True ONLY if: Seasonal cracks have been observed in embankment
(70) Broken Pipe occurs 1.00E-02 True ONLY if: Some history of problems with seepage return pipes
(71) Significant Rainfall Event Occurs 0.1 True ONLY if: 1:10 year event required to enable washout to occur
(72) Released Suddenly (Pond Water) 0.5 Nearly certain to break out once formed
(73) Poor Surface Geometry Develops 1.00E-04 Very unlikely since surface geometry is constantly monitored
(74) No Action Taken 1.00E-03 Unlikely that poor surface conditions are not remediated
(75) Rainfall Event 0.1 1:10 year event required to cause sizeable volume to pond
(76) Slope Failure Occurs - Calculated in Structural Damage fault tree
(77) Under Static Conditions (Due to Differential Settlement) - Calculated in Structural Damage fault tree
(78) Under Dynamic Conditions (Due to Diff. Settlement) - Calculated in Structural Damage fault tree
(79) Under Static Conditions (Due to Instability) - Calculated in Structural Damage fault tree
(80) Under Dynamic Conditions (Due to Instability) - Calculated in Structural Damage fault tree

(81) No Action Taken 1.00E-04 Very unlikely that depression of crest is not noticed or remediated
(82) Settlement of Embankment 1.00E-06 Almost impossible

Mobile Materials In The Vicinity (Dynamic)

Crest Too Low (Unremediated Erosion Causes Low Spot)

Differential Settlement (Static)

Slope Failure (Static)

Mobile Materials In The Vicinity (Static)

Reduced Freeboard and Subsequent Rainfall

Crest Too Low (Due to Settlement of Embankment)

Slope Failure (Dynamic)

Sudden Inflow Exceeds Capacity

Pond Level Too High

Crest Too Low (Slope Failure)

Release Due to Piping Along Conduit

Differential Settlement (Dynamic)

PATHWAY 1
ASSIGNED 

VALUE
JUSTIFICATIONDESCRIPTIONREF No.

Release Through Internal Pathways and Embankment

Release Due to Rush of Water Through Embankment
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With Conduit 

Rush of Water onto Beach
Water Flows Into 
Anisotropic Zone

Pond Water Connects to 
Int. Pathway

Earthquake > OBE Occurs

Piping Along Decant 
Conduit

5.055E-07

Pond Water Reaches 
Conduit via Pathway

Coarse Material Used as 
Fill

Poorly Consolidated Zone 
of Fill

Unexpected Material 
Properties in Fill

Structural Damage of C/D 
Paddock Div. Wall

Coarse Material Used as 
Fill

Defective Zone Exists in 
Emb.

Tailings Adjacent To 
Embankment Settles

Weak/Compressible Soils 
Present in Foundation

Due to Beach Erosion
Low Area Forms

Rainfall Event Causes 
Sufficient Pond Rise 

Slope Failure Occurs

Settlement Occurs Under 
Upstream Raise

0.10

Lateral Spreading Occurs 
(Shakedown)

Liquefaction of Tailings 
Due to Earthquake

Water Ponded Against 
Embankment

Rainfall Event Causes 
Sufficient Pond Rise 

Tailings Adjacent To 
Embankment Settles

Low Area Forms
Due to Settlement

1.00E-06

Sub-standard Fill Material Substandard Compaction

Slope Failure Occurs

After Construction

Problems

0.109

1.09E-04

in Vicinity in VicinityUnder Static Loading

0.19 0.01

Earthquake Occurs
Diff. Settlement OccursMobile Material

No Earthquake

1.61E-04

Under Normal Operating 
Conditions

Unconsolidated Material 
Present At Depth

1.1E-050.998

Settlement Occurs At Settlement Occurs Under 
Upstream RaiseFoundation Level

Loose Soils Present

Settlement Occurs
Within Embankment

1.95E-07

PATHWAY 1

7.63E-07

Release Due to 
Embankment Failure

C Paddock South West Embankment,
Release Due to Structural Damage 

Release Due to Internal 
Erosion

Sub-standard Fill Material Substandard Compaction

0.109

Through Internal Pathways 
& Emb.

5.454E-08

Release due to Diff. Sett.

1.10E-04

Weak/Compressible Soils 
Present

Diff. Settlement Occurs

5.67E-07

Overtopping of D into C 
Paddock

Compressible Soils 
Present in Emb.

Along/Within Embankment
1.73E-07

Release due to Diff. Sett.

Mobile Material

Cont. Pathway Along 
Conduit & Through Emb.

Internal Pathways Exist
Defective Zone Exists in 

Emb.
Cont. Internal Pathway 
Connects to  Def. Zone

Under Static Loading

6.73E-05

1.12E-07

Release due to Diff. Sett.

Erosion Around Conduit

Beach Erosion Occurs 
Adjacent to Settlement

Rainfall Event Causes 
Sufficient Pond Rise 

Low Area Forms

1.00E-04

Due to Settlement

2.1782E-08

Release Due to
Slope Failure

1.98E-04
Dynamic Conditions

Slope Failure Under

1.00E-06

Sub-standard

2.00E-07

1.9819E-09

Release Due to Slope 
Failure (Dynamic)

Slope Failure Induces 
Localised Liquefaction

Unconsolidated Material 
Present At Depth

Dynamic Conditions
1.98E-07

Slope Failure Under

Under Normal Operating 
Conditions

Construction
Slope Failure Occurs

Phreatic Surface

With Raised

Phreatic Surface

1.98E-05
Static Conditions

Normal Operating 
Conditions Prevail

Sub-standard
Slope Failure Occurs

Problems

Construction

Static Conditions

Slope Failure Induces 
Localised Liquefaction

Internal Pathways Exist

Differential Settlement 
Deforms Conduit

Rainfall Event Causes 
Sufficient Pond Rise 

Soils Subject to 
Liquefaction Present

Low Area Forms
Due to Beach Erosion

1.00E-06

Water Ponded Against 
Embankment

Beach Erosion Occurs 
Adjacent to Settlement

Under Dynamic Loading

Static Conditions Prevail

Under Dynamic Loading

6.15E-08

With Raised

Slope Failure Under

1.98E-05

1.9800E-08

Release Due to Slope 
Failure (Static)

After Construction

Slope Failure Under

2.00E-08 1.09E-05

Slope Failure Occurs

8.90E-05

Normal Operating 
Conditions Prevail

Slope Failure Occurs

8.90E-06
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FAULT TREE, PATHWAY 1                                                 
RELEASE DUE TO OVERTOPPING

05641089-R01

OR

AND AND

2.50E-05 (59) 1.00E-04 (62)

OR OR

4.13E-07 (60) 6.69E-09 (61)
AND OR

1.00E-04 (63)
OR AND

1.00E-03 (64) 1.00E-03 (65) 2.00E-05 (76) 1.00E-02 (66)

AND AND

1.00E-04 (67) 1.00E-06 (82) 1.00E-04 (81)

OR

1.00E-03 (68)
AND

OR OR

1.00E-03 (69) 1.00E-02 (70) 0.1 (71)

OR OR AND

1.02E-02 (77) 0.19 (78) 1.98E-05 (79) 1.9819E-07 (80) 0.5 (72)
AND

1.00E-04 (73) 1.00E-03 (74) 0.1 (75)

C/D Division Wall Release 
Due to Struc. Damage

Rainfall Event

Under Dynamic Conditions

No Action Taken

1.00E-10

Settlement of 
Embankement

PATHWAY 1

1.00E-08

0.11

0.02

2.78E-10

C Paddock South West Embankment Overtops

2.68E-06

Blocked Decant

Significant Rainfall Event 
Occurs

Ingress of Water Into 
Cracks

Release from D into C 
Paddock

Rainfall Event

C/D Division Wall Release 
Due to Overtopping

4.20E-07

Major Inflow Into C 
Paddock

Unremediated Erosion 
Causes Low Spot

Reduced Freeboard

Pond Level Too High

Large Pre-Existing Pool No Action Taken

Subsequent Rainfall

1.05E-11

2.00E-07

2.00E-03

2.00E-05

Released SuddenlyUnder Dynamic Conditions

2.28E-06

Erosion Occurs No Action Taken

5.00E-09

Severe Gully Formation
Erosion Due to Washout at 

Cracks

Due to Differential 
Settlement

Burst Pipe Occurs For a 
Long Period

0.20

Slope Failure Occurs

0.02

No Action Taken

Surface Cracks Occurs

Due to 
Shrinkage/Dessication

Broken Pipe occursDue to Slope Instability

Poor Surface Geometry 
Develops

1.99E-01

Under Static Conditions
Water Ponds on Crest or 

Step-Back
Under Static Conditions

Subsequent Rainfall

Reduced Freeboard & 
Subsequent Rainfall

2.68E-10

Crest Too Low

2.48E-06

2.00E-07

Due to Settlement of 
Embankment

Causes Sufficient 
Depression of Crest

Slope Failure Causing 
Slumping of Crest



September 2005 Table G4 05641089-R01

(01) Internal Pathways Exist 0.5 Has been observed in TSFs previously operating in area.
(02) Internal Pathways Connect With Conduit 0.01 It is possible that the pathways have connected with conduit.
(03) Pond Water Reaches Conduit via Pathway 0.01 It is possible for water to flow through pathways and reach conduit
(04) Erosion Around Conduit 0.01 Difficult to detect but has been known to occur in other TSFs.
(05) Chemical Attack on Conduit 1.00E-05 Highly improbable as chemical attack would have been considered during installation.
(06) Differential Settlement Deforms Conduit 1.00E-06 Almost impossible due to geology of foundation

(07) Internal Pathways Exist 0.5 Has been observed in TSFs previously operating in area.
(08) Cont. Internal Pathway Connects to  Def. Zone 1.00E-03 Unlikely, but has been recorded at other TSFs
(09) Pond Water Connects to Int. Pathway 0.001 Water will flow through a pathway if it is continuous between pond and defective zone
(10) Coarse Material Used as Fill 1.00E-04 Very unlikely as 50% of tailings near emb. are <0.075mm in size
(11) Poorly Consolidated Zone of Fill 0.1 High probable that a poorly consolidated zone of fill exists at some location
(12) Unexpected Material Properties in Fill 1.00E-04 Very unlikely

(13) Water Flows Into Anisotropic Zone 0.1 Highly probable that water will flow into anisotropic zone
(14) Water Flow Reaches Def. Zone 0.01 Possible that water flow reaches defective zone
(15) Overtopping of D Paddock into C Paddock (link) Linked to Overtopping of D Paddock into C Paddock
(16) Structural Damage of C/D Paddock Div. Wall (link) Linked to Structural Damage of C/D Division Wall
(17) Coarse Material Used as Fill - Very unlikely as 50% of tailings near emb. are <0.075mm in size
(18) Poorly Consolidated Zone of Fill - High probable that a poorly consolidated zone of fill exists at some location
(19) Unexpected Material Properties in Fill - Very unlikely

(20) Earthquake Occurs 2.00E-03 Operating Base Earthquake = 1:500 year change of occuring
(21) Settlement Occurs Under Upstream Raise 0.1 Highly probable following large earthquake event
(22) Loose Soils Present 1.00E-03 Unlikely, given monitoring regime during construction
(23) Lateral Spreading Occurs (Shakedown) 0.1 Highly probable following large earthquake event
(24) Weak/Compressible Soils Present 1.00E-04 Highly unlikely 
(25) Soils Subject to Liquefaction Present 1.00E-05 Very low likelihood of soils liquefying

(26) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(27) Liquefaction of Tailings Due to Earthquake 5.00E-05 Based on previous reports, it is very unlikely to highly improbable that it occurs
(28) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(29) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(30) Tailings Adjacent To Embankment Settles 0.1 Highly probable following earthquake event
(31) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(32) Compressible Soils Present in Emb. 1.00E-04 Very unlikely
(33) Settlement Occurs Under Upstream Raise 5.00E-02 Compressible soils have been observed here in the past
(34) Weak/Compressible Soils Present in Foundation 1.00E-04 Highly unlikely 

(35) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(36) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(37) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(38) Tailings Adjacent To Embankment Settles 1.00E-03 Unlikely
(39) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(40) Slope Failure Induces Localised Static Liquefaction 1.00E-02 It is possible for liquefaction to occur along A/B emb. Wall
(41) Static Conditions Prevail - 1 - p(Earthquake Occurs)
(42) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(43) Slope Failure Occurs (Under Static Conditions) 1.00E-05 Highly improbable, walls have been designed & constructed with sufficient factor of safety
(44) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be twice as likely after previous construction problems
(45) Issue not Addressed 0.1 Will be difficult to remedy slope failure due to poor soil conditions around failure location.
(46) Unconsolidated Material Present At Depth 1.00E-03 Unlikely to occur due based on previous observations
(47) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x more likely after previous construction problems
(48) Sub-standard Fill Material 0.1 Highly Probable
(49) Substandard Compaction 1.00E-02 Possible

(50) Slope Failure Induces Localised Static Liquefaction 0.1 Highly probable under dynamic conditions
(51) Earthquake > OBE Occurs 1.00E-03 1:100 year earthquake event
(52) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(53) Slope Failure Occurs (Under Dynamic Conditions) 1.00E-04 More likely to occur under dynamic conditions
(54) Unconsolidated Material Present At Depth 1.00E-03 Unlikely to occur due based on previous observations
(55) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be 10x as likely to occur in the event of an earthquake
(56) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x as likely to occur in the event of an earthquake
(57) Sub-standard Fill Material - (48)
(58) Substandard Compaction - (49)

(59) Subsequent Rainfall 3.33E-05 1:30,000 year rainfall will result in overtopping if freeboard in D Paddock is reduced by 0.48 m
(60) Release from D into AB Paddock - Calculated in "C Paddock Overtops Through AB/C Paddock Division Wall"
(61) Release from C into AB Paddock - Calculated in "C Paddock Overtops Through AB/C Paddock Division Wall"

(62) Subsequent Rainfall 1.00E-04 Reduced freeboard only, no sudden inflow - requires 1:10,000 year rainfall to overtop

(63) No Action Taken 1.00E-04 Very unlikely that high pond levels are not addressed
(64) Rainfall Event 1.00E-03 1:1000 year rainfall event required
(65) Blocked Decant 1.00E-03 Unlikely to occur, but blockages are possible

(66) Causes Depression of Crest (Slope Failure) 1.00E-02 Possible since slope failure is likely to occur near crest due to location of phreatic surface

(67) No Action Taken 1.00E-04 Very unlikely that no immediate action is taken after erosion occurs
(68) Burst Pipe Occurs For a Long Period 1.00E-03 Unlikely to occur, but has happened before in C paddock
(69) Due to Shrinkage/Dessication 0.5 True ONLY if: Seasonal cracks have been observed in embankment
(70) Broken Pipe occurs 1.00E-02 True ONLY if: Some history of problems with seepage return pipes
(71) Significant Rainfall Event Occurs 0.1 True ONLY if: 1:10 year event required to enable washout to occur
(72) Released Suddenly (Pond Water) 0.5 Nearly certain to break out once formed
(73) Poor Surface Geometry Develops 1.00E-04 Very unlikely since surface geometry is constantly monitored
(74) No Action Taken 1.00E-03 Unlikely that poor surface conditions are not remediated
(75) Rainfall Event 0.1 1:10 year event required to cause sizeable volume to pond
(76) Slope Failure Occurs - Calculated in Structural Damage fault tree
(77) Under Static Conditions (Due to Differential Settlement) - Calculated in Structural Damage fault tree
(78) Under Dynamic Conditions (Due to Diff. Settlement) - Calculated in Structural Damage fault tree
(79) Under Static Conditions (Due to Instability) - Calculated in Structural Damage fault tree
(80) Under Dynamic Conditions (Due to Instability) - Calculated in Structural Damage fault tree

(81) No Action Taken 1.00E-04 Very unlikely that depression of crest is not noticed or remediated
(82) Settlement of Embankment 1.00E-06 Almost impossible

PATHWAY 2
ASSIGNED 

VALUE
JUSTIFICATIONDESCRIPTIONREF No.

Release Due to Piping Along Conduit

Differential Settlement (Dynamic)

Mobile Materials In The Vicinity (Dynamic)

Differential Settlement (Static)

Release Through Internal Pathways and Embankment

Release Due to Rush of Water Through Embankment

Mobile Materials In The Vicinity (Static)

Crest Too Low (Due to Settlement of Embankment)

Slope Failure (Static)

Slope Failure (Dynamic)

Sudden Inflow Exceeds Capacity

Pond Level Too High

Crest Too Low (Slope Failure)

Crest Too Low (Unremediated Erosion Causes Low Spot)

Reduced Freeboard and Subsequent Rainfall

Golder Associates
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FAULT TREE, PATHWAY 2                                                 
RELEASE DUE TO STRUCTURAL FAILURE

05641089-R01

OR

OR

AND AND

0.5 (07) 1.00E-03 (08) 1.00E-03 (09) 0.1 (13) 1.00E-02 (14)
OR OR OR

1.00E-04 (10) 0.1 (11) 1.00E-04 (12) 6.69E-07 (15) 8.19E-07 (16) 1.00E-04 (17) 0.1 (18) 1.00E-04 (19)
OR

OR

AND AND

2.00E-03 (20)
OR OR

0.1 (21) 1.00E-04 (32) 5.00E-02 (33) 1.00E-04 (34)
OR OR OR

1.00E-03 (22) 0.1 (23) 1.00E-04 (24) 1.00E-05 (25) 1.00E-05 (35)
OR AND AND

1.00E-05 (26) 5.00E-05 (27) 0.001 (36) 1.00E-03 (37) 1.00E-03 (38) 1.00E-03 (39)
AND AND

1.00E-03 (28) 1.00E-03 (29) 0.1 (30) 1.00E-03 (31)

OR

OR AND

1.00E-02 (40) 0.1 (50)
AND AND

0.999 (41) 1.00E-03 (51)
OR OR

AND AND AND AND AND AND

0.8900 (42) 1.00E-05 (43) 1.00E-03 (46) 2.00E-05 (44) 1.00E-04 (47) 0.8900 (52) 1.00E-04 (53) 1.00E-03 (54) 2.00E-04 (55) 1.00E-03 (56)
OR OR

0.1 (48) 1.00E-02 (49) 0.1 (57) 1.00E-02 (58)

1.00E-01

Release Into AB Paddock 
from C Paddock

Release Into AB Paddock 
From D Paddock

Coarse Material Used as 
Fill

Poorly Consolidated Zone 
of Fill

Unexpected Material 
Properties in Fill

Defective Zone Exists in 
Emb.

Rush of Water onto BeachInternal Pathways Exist

1.00E-01 1.49E-06

Through Internal Pathways 
& Emb.

Rush of Water Through 
Emb.

5.01E-08 1.490E-10

Rainfall Event Causes 
Sufficient Pond Rise 

Tailings Adjacent To 
Embankment Settles

Cont. Internal Pathway 
Connects to  Def. Zone

Pond Water Connects to 
Int. Pathway

Unexpected Material 
Properties in Fill

Water Flows Into 
Anisotropic Zone

Coarse Material Used as 
Fill

Water Flow Reaches Def. 
Zone

Defective Zone Exists in 
Emb.

Poorly Consolidated Zone 
of Fill

1.00E-06

Soils Subject to 
Liquefaction Present

Slope Failure Occurs

After Construction

Low Area Forms

Tailings Adjacent To 
Embankment Settles

Liquefaction of Tailings 
Due to Earthquake Due to Settlement

Water Ponded Against 
Embankment

Weak/Compressible Soils 
Present

Low Area Forms

1.00E-06

Rainfall Event Causes 
Sufficient Pond Rise 

in Vicinity
0.9981.61E-04

Low Area Forms

Compressible Soils 
Present in Emb.

Substandard Compaction

0.109

Slope Failure Occurs
Construction

Sub-standard Fill Material

Weak/Compressible Soils 
Present in Foundation

Low Area Forms

1.1E-05

Due to SettlementDue to Beach Erosion

Settlement Occurs Under 
Upstream Raise

0.05

1.98E-07

Dynamic Conditions
Slope Failure Under

Slope Failure Induces 
Localised Liquefaction

Rainfall Event Causes 
Sufficient Pond Rise 

Beach Erosion Occurs 
Adjacent to Settlement

2.18E-07

1.00E-04

Slope Failure

Rainfall Event Causes 
Sufficient Pond Rise 

Release Due to

1.98E-05
Static Conditions

1.00E-06

Earthquake Occurs

Settlement Occurs At

1.10E-04
Foundation Level

Diff. Settlement OccursMobile Material
No Earthquake

Slope Failure Under

Normal Operating 
Conditions Prevail Slope Failure Occurs

8.90E-06

Under Normal Operating 
Conditions

Settlement Occurs

Loose Soils Present Lateral Spreading Occurs 
(Shakedown)

Slope Failure Under

0.10
Within Embankment

Under Dynamic Loading

Static Conditions Prevail

Due to Beach Erosion

Under Dynamic Loading

Diff. Settlement Occurs

0.19

6.15E-08

Beach Erosion Occurs 
Adjacent to Settlement

Release Due to Slope 
Failure (Static)

Settlement Occurs Under 
Upstream Raise

Release due to Diff. Sett.

Unconsolidated Material 
Present At Depth

Problems

Construction

Static Conditions

Slope Failure Occurs

With Raised
Phreatic Surface

2.00E-08

1.98E-05

5.02E-08 8.30E-07

PATHWAY 2

8.81E-07

Release Due to Internal 
Erosion

Release Due to 
Embankment Failure

A/B Paddock South West Embankment,
Release Due to Structural Damage 

Release due to Diff. Sett.

Along/Within Embankment
6.12E-07

5.51E-07

Problems
Under Normal Operating 

Conditions

Mobile Material

Release due to Diff. Sett.

Under Static Loading

With Raised

1.98E-04

in VicinityUnder Static Loading

Water Ponded Against 
Embankment

1.09E-041.09E-05 8.90E-05 2.00E-07

Substandard Compaction

Unconsolidated Material 
Present At Depth

1.98E-08

Phreatic Surface
After Construction

Dynamic Conditions
1.98E-07

Slope Failure Under

Earthquake > OBE Occurs

Slope Failure Induces 
Localised Liquefaction

Release Due to Slope 
Failure (Dynamic)

0.109

Sub-standard
Slope Failure Occurs

Normal Operating 
Conditions Prevail

Sub-standard
Slope Failure Occurs

Sub-standard Fill Material
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FAULT TREE, PATHWAY 2                                                 
RELEASE DUE TO OVERTOPPING

05641089-R01

OR

AND AND

3.33E-05 (59) 1.00E-04 (62)
OR OR

8.19E-07 (60) 6.69E-07 (61)

AND OR

1.00E-04 (63)

OR AND

1.00E-03 (64) 1.00E-03 (65) 2.18E-07 (76) 1.00E-02 (66)

AND AND

1.00E-04 (67) 1.00E-06 (82) 1.00E-04 (81)

OR

1.00E-03 (68)
AND

OR OR

0.5 (69) 1.00E-02 (70) 0.1 (71)
OR OR AND

0.05 (77) 0.19 (78) 1.98001E-05 (79) 1.98E-07 (80) 0.5 (72)
AND

1.00E-04 (73) 1.00E-03 (74) 0.1 (75)

A/B Paddock South West
Embankment Overtops

No Action Taken

Water Ponds on Crest or 
Step-Back

2.00E-05

Poor Surface Geometry 
Develops

Significant Rainfall Event 
Occurs

Under Static Conditions Under Dynamic Conditions Under Static Conditions

2.32E-01

Rainfall Event

Release from D into AB 
Paddock

Surface Cracks Occurs

0.62

5.00E-09

0.11

Released Suddenly

PATHWAY 2

1.00E-08

7.01E-06

Reduced Freeboard

Under Dynamic Conditions

7.50E-10

0.07

Ingress of Water Into 
Cracks

Sudden Inflow Exceeds 
Capacity

Release from C into AB 
Paddock

Rainfall Event

4.96E-11

Subsequent Rainfall

Due to Settlement of 
Embankment

6.81E-06

Slope Failure Causing 
Slumping of Crest

Crest Too Low

Causes Sufficient 
Depression of Crest

Slope Failure Occurs

2.18E-09

6.81E-06

Sudden Inflow Into AB 
Paddock

Unremediated Erosion 
Causes Low Spot

Blocked Decant

Pond Level Too High

No Action Taken

Subsequent Rainfall

Large Pre-Existing Pool

2.00E-03

No Action Taken

0.07

1.00E-10

Burst Pipe Occurs For a 
Long Period

Erosion Occurs No Action Taken

Severe Gully Formation

Settlement of Embankment

Reduced Freeboard & 
Subsequent Rainfall

7.01E-10

Due to Differential 
Settlement

1.49E-06

Broken Pipe occursDue to Slope Instability

Erosion Due to Washout at 
Cracks

2.00E-07

Due to 
Shrinkage/Dessication



September 2005 Table G5 05641089-R01

(01) Internal Pathways Exist 0.5 Has been observed in TSFs previously operating in area
(02) Cont. Internal Pathway Connects to  Def. Zone 1.00E-03 Unlikely, but has been recorded at other TSFs
(03) Pond Water Connects to Int. Pathway 1.00E-03 Water will flow through a pathway if it is continuous between pond and defective zone
(04) Coarse Material Used as Fill 1.00E-04 Very unlikely as 50% of tailings near emb. are <0.075mm in size
(05) Poorly Consolidated Zone of Fill 0.1 High probable that a poorly consolidated zone of fill exists at some location
(06) Unexpected Material Properties in Fill 1.00E-04 Very unlikely

(07) Water Flows Into Anisotropic Zone 0.1 Highly probable that water will flow into anisotropic zone
(08) Water Flow Reaches Def. Zone 1.00E-02 Possible that water flow reaches defective zone
(09) Overtopping of D Paddock into C Paddock - Linked to Overtopping of D Paddock into C Paddock
(10) Structural Damage of C/D Paddock Div. Wall - Linked to Structural Damage of C/D Division Wall
(11) Coarse Material Used as Fill - Very unlikely as 50% of tailings near emb. are <0.075mm in size
(12) Poorly Consolidated Zone of Fill - High probable that a poorly consolidated zone of fill exists at some location
(13) Unexpected Material Properties in Fill - Very unlikely

(14) Earthquake Occurs 2.00E-03 Operating Base Earthquake = 1:500 year change of occuring
(15) Settlement Occurs Under Upstream Raise 0.1 Highly probable following large earthquake event
(16) Loose Soils Present 1.00E-03 Unlikely, given monitoring regime during construction
(17) Lateral Spreading Occurs (Shakedown) 0.1 Highly probable following large earthquake event
(18) Weak/Compressible Soils Present 1.00E-04 Highly unlikely 
(19) Soils Subject to Liquefaction Present 1.00E-05 Very low likelihood of soils liquefying

(20) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(21) Liquefaction of Tailings Due to Earthquake 5.00E-05 Based on previous reports, it is very unlikely to highly improbable that it occurs
(22) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(23) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(24) Tailings Adjacent To Embankment Settles 0.1 Highly probable following earthquake event
(25) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(26) Compressible Soils Present in Emb. 1.00E-04 Very unlikely
(27) Settlement Occurs Under Upstream Raise 5.00E-02 Compressible soils have been observed here in the past
(28) Weak/Compressible Soils Present in Foundation 1.00E-04 Highly unlikely 

(29) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(30) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(31) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(32) Tailings Adjacent To Embankment Settles 1.00E-03 Unlikely
(33) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(34) Slope Failure Induces Localised Static Liquefaction 1.00E-02 It is possible for liquefaction to occur along A/B emb. Wall
(35) Static Conditions Prevail - 1 - p(Earthquake Occurs)
(36) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(37) Slope Failure Occurs (Under Static Conditions) 1.00E-05 Highly improbable, walls have been designed & constructed with sufficient factor of safety
(38) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be twice as likely after previous construction problems
(39) Issue not Addressed 0.1 Will be difficult to remedy slope failure due to poor soil conditions around failure location
(40) Unconsolidated Material Present At Depth 1.00E-03 Unlikely to occur due based on previous observations
(41) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x more likely after previous construction problems
(42) Sub-standard Fill Material 0.1 Highly Probable
(43) Substandard Compaction 1.00E-02 Possible

(44) Slope Failure Induces Localised Static Liquefaction 0.1 Highly probable under dynamic conditions
(45) Earthquake > OBE Occurs 1.00E-03 1:100 year earthquake event
(46) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(47) Slope Failure Occurs (Under Dynamic Conditions) 1.00E-04 More likely to occur under dynamic conditions
(48) Unconsolidated Material Present At Depth 1.00E-03 Unlikely to occur due based on previous observations
(49) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be 10x as likely to occur in the event of an earthquake
(50) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x as likely to occur in the event of an earthquake
(51) Sub-standard Fill Material - (42)
(52) Substandard Compaction - (43)

(53) Subsequent Rainfall 3.33E-05 1:30,000 year rainfall will result in overtopping if freeboard in D Paddock is reduced by 0.48 m
(54) Release from D into AB Paddock - Calculated from "C Paddock Overtops Through AB/C Paddock Division Wall"
(55) Release from C into AB Paddock - Calculated from "C Paddock Overtops Through AB/C Paddock Division Wall"

(56) Subsequent Rainfall 1.00E-04 Reduced freeboard only, no sudden inflow - requires 1:10,000 year rainfall to overtop

(57) No Action Taken 1.00E-04 Very unlikely that high pond levels are not addressed
(58) Rainfall Event 1.00E-03 1:1000 year rainfall event required
(59) Blocked Decant 1.00E-03 Unlikely to occur, but blockages are possible

(60) Causes Depression of Crest (Slope Failure) 1.00E-02 Possible since slope failure is likely to occur near crest due to location of phreatic surface

(61) No Action Taken 1.00E-04 Very unlikely that no immediate action is taken after erosion occurs
(62) Burst Pipe Occurs For a Long Period 1.00E-03 Unlikely to occur, but has happened before in C paddock
(63) Due to Shrinkage/Dessication 0.5 True ONLY if: Seasonal cracks have been observed in embankment
(64) Broken Pipe occurs 1.00E-02 True ONLY if: Some history of problems with seepage return pipes
(65) Significant Rainfall Event Occurs 0.1 True ONLY if: 1:10 year event required to enable washout to occur
(66) Released Suddenly (Pond Water) 0.5 Nearly certain to break out once formed
(67) Poor Surface Geometry Develops 1.00E-04 Very unlikely since surface geometry is constantly monitored
(68) No Action Taken 1.00E-03 Unlikely that poor surface conditions are not remediated
(69) Rainfall Event 0.1 1:10 year event required to cause sizeable volume to pond
(70) Slope Failure Occurs - Calculated in Structural Damage fault tree
(71) Under Static Conditions (Due to Differential Settlement) - Calculated in Structural Damage fault tree
(72) Under Dynamic Conditions (Due to Diff. Settlement) - Calculated in Structural Damage fault tree
(73) Under Static Conditions (Due to Instability) - Calculated in Structural Damage fault tree
(74) Under Dynamic Conditions (Due to Instability) - Calculated in Structural Damage fault tree

(75) No Action Taken 1.00E-04 Very unlikely that depression of crest is not noticed or remediated
(76) Settlement of Embankment 1.00E-06 Almost impossible
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FAULT TREE, PATHWAY 3                                                 
RELEASE DUE TO OVERTOPPING
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September 2005 Table G6 05641089-R01

(01) Internal Pathways Exist 0.5 Has been observed in TSFs previously operating in area
(02) Cont. Internal Pathway Connects to  Def. Zone 1.00E-03 Unlikely, but has been recorded at other TSFs
(03) Pond Water Connects to Int. Pathway 1.00E-03 Water will flow through a pathway if it is continuous between pond and defective zone
(04) Coarse Material Used as Fill 1.00E-04 Very unlikely as 50% of tailings near emb. are <0.075mm in size
(05) Poorly Consolidated Zone of Fill 0.1 High probable that a poorly consolidated zone of fill exists at some location
(06) Unexpected Material Properties in Fill 1.00E-04 Very unlikely

(07) Water Flows Into Anisotropic Zone 0.1 Highly probable that water will flow into anisotropic zone
(08) Water Flow Reaches Def. Zone 1.00E-02 Possible that water flow reaches defective zone
(09) Overtopping of D Paddock into C Paddock - Linked to Overtopping of D Paddock into C Paddock
(10) Structural Damage of C/D Paddock Div. Wall - Linked to Structural Damage of C/D Division Wall
(11) Coarse Material Used as Fill - Very unlikely as 50% of tailings near emb. are <0.075mm in size
(12) Poorly Consolidated Zone of Fill - High probable that a poorly consolidated zone of fill exists at some location
(13) Unexpected Material Properties in Fill - Very unlikely

(14) Earthquake Occurs 2.00E-03 Operating Base Earthquake = 1:500 year change of occuring
(15) Settlement Occurs Under Upstream Raise 0.1 Highly probable following large earthquake event
(16) Loose Soils Present 1.00E-03 Unlikely, given monitoring regime during construction
(17) Lateral Spreading Occurs (Shakedown) 0.1 Highly probable following large earthquake event
(18) Weak/Compressible Soils Present 1.00E-04 Highly unlikely 
(19) Soils Subject to Liquefaction Present 1.00E-05 Very low likelihood of soils liquefying

(20) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(21) Liquefaction of Tailings Due to Earthquake 5.00E-05 Based on previous reports, it is very unlikely to highly improbable that it occurs
(22) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(23) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(24) Tailings Adjacent To Embankment Settles 0.1 Highly probable following earthquake event
(25) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(26) Compressible Soils Present in Emb. 1.00E-04 Very unlikely
(27) Settlement Occurs Under Upstream Raise 1.00E-02 Possible, but less likely than on A/B paddock embankment walls
(28) Weak/Compressible Soils Present in Foundation 1.00E-04 Very unlikely

(29) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(30) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(31) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(32) Tailings Adjacent To Embankment Settles 1.00E-03 Unlikely
(33) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(34) Slope Failure Induces Localised Static Liquefaction 2.00E-03 Unlikely to occur, but slightly more likely to occur than along C paddock emb. Wall
(35) Static Conditions Prevail - 1 - p(Earthquake Occurs)
(36) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(37) Slope Failure Occurs (Under Static Conditions) 1.00E-05 Highly improbable, walls have been designed & constructed with sufficient factor of safety
(38) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be twice as likely after previous construction problems
(39) Issue not Addressed 0.1 Will be difficult to remedy slope failure due to poor soil conditions around failure location
(40) Unconsolidated Material Present At Depth 1.00E-04 Very unlikely to occur on D paddock wall
(41) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x more likely after previous construction problems
(42) Sub-standard Fill Material 0.1 Highly Probable
(43) Substandard Compaction 1.00E-02 Possible

(44) Slope Failure Induces Localised Static Liquefaction 2.00E-02 10 times more likely to occur under dynamic conditions
(45) Earthquake > OBE Occurs 1.00E-03 1:100 year earthquake event
(46) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(47) Slope Failure Occurs (Under Dynamic Conditions) 1.00E-04 More likely to occur under dynamic conditions
(48) Unconsolidated Material Present At Depth 1.00E-04 Very unlikely to occur on D paddock wall
(49) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be 10x as likely to occur in the event of an earthquake
(50) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x as likely to occur in the event of an earthquake
(51) Sub-standard Fill Material - (42)
(52) Substandard Compaction - (43)

(53) Subsequent Rainfall 1.00E-04 Reduced freeboard only, no sudden inflow - requires 1:10,000 year rainfall to overtop

(54) No Action Taken 1.00E-04 Very unlikely that high pond levels are not addressed
(55) Rainfall Event 1.00E-03 1:1000 year rainfall event required
(56) Blocked Decant 1.00E-03 Unlikely to occur, but blockages are possible

(57) Causes Depression of Crest (Slope Failure) 0.01 Possible since slope failure is likely to occur near crest due to location of phreatic surface

(58) No Action Taken 1.00E-04 Very unlikely that no immediate action is taken after erosion occurs
(59) Burst Pipe Occurs For a Long Period 1.00E-03 Unlikely to occur, but has happened before in C paddock
(60) Due to Shrinkage/Dessication 0.5 True ONLY if: Seasonal cracks have been observed in embankment
(61) Broken Pipe occurs 1.00E-02 True ONLY if: Some history of problems with seepage return pipes
(62) Significant Rainfall Event Occurs 0.1 True ONLY if: 1:10 year event required to enable washout to occur
(63) Released Suddenly (Pond Water) 0.5 Nearly certain to break out once formed
(64) Poor Surface Geometry Develops 1.00E-04 Very unlikely since surface geometry is constantly monitored
(65) No Action Taken 1.00E-03 Unlikely that poor surface conditions are not remediated
(66) Rainfall Event 0.1 1:10 year event required to cause sizeable volume to pond
(67) Slope Failure Occurs - Calculated in Structural Damage fault tree
(68) Under Static Conditions - Calculated in Structural Damage fault tree
(69) Under Dynamic Conditions - Calculated in Structural Damage fault tree
(70) Under Static Conditions (Due to Differential Settlement) - Calculated in Structural Damage fault tree
(71) Under Dynamic Conditions (Due to Diff. Settlement) - Calculated in Structural Damage fault tree
(72) Under Static Conditions (Due to Instability) - Calculated in Structural Damage fault tree
(73) Under Dynamic Conditions (Due to Instability) - Calculated in Structural Damage fault tree

(74) No Action Taken 1.00E-04 Very unlikely that depression of crest is not noticed or remediated
(75) Settlement of Embankment 1.00E-06 Almost impossible
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FAULT TREE, PATHWAY 4                                                 
RELEASE DUE TO OVERTOPPING

05641089-R01
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September 2005 Table G7 05641089-R01

(01) Internal Pathways Exist 0.5 Has been observed in TSFs previously operating in area
(02) Cont. Internal Pathway Connects to  Def. Zone 1.00E-03 Unlikely, but has been recorded at other TSFs
(03) Pond Water Connects to Int. Pathway 1.00E-03 Water will flow through a pathway if it is continuous between pond and defective zone
(04) Coarse Material Used as Fill 1.00E-04 Very unlikely as 50% of tailings near emb. are <0.075mm in size
(05) Poorly Consolidated Zone of Fill 0.1 High probable that a poorly consolidated zone of fill exists at some location
(06) Unexpected Material Properties in Fill 1.00E-04 Very unlikely

(07) Water Flows Into Anisotropic Zone 0.1 Highly probable that water will flow into anisotropic zone
(08) Water Flow Reaches Def. Zone 1.00E-02 Possible that water flow reaches defective zone
(09) Overtopping of D Paddock into C Paddock - Linked to Overtopping of D Paddock into C Paddock
(10) Structural Damage of C/D Paddock Div. Wall - Linked to Structural Damage of C/D Division Wall
(11) Coarse Material Used as Fill - Very unlikely as 50% of tailings near emb. are <0.075mm in size
(12) Poorly Consolidated Zone of Fill - High probable that a poorly consolidated zone of fill exists at some location
(13) Unexpected Material Properties in Fill - Very unlikely

(14) Earthquake Occurs 2.00E-03 Operating Base Earthquake = 1:500 year change of occuring
(15) Settlement Occurs Under Upstream Raise 0.1 Highly probable following large earthquake event
(16) Loose Soils Present 1.00E-03 Unlikely, given monitoring regime during construction
(17) Lateral Spreading Occurs (Shakedown) 0.1 Highly probable following large earthquake event
(18) Weak/Compressible Soils Present 1.00E-04 Highly unlikely 
(19) Soils Subject to Liquefaction Present 1.00E-05 Very low likelihood of soils liquefying

(20) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(21) Liquefaction of Tailings Due to Earthquake 5.00E-05 Based on previous reports, it is very unlikely to highly improbable that it occurs
(22) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(23) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(24) Tailings Adjacent To Embankment Settles 0.1 Highly probable following earthquake event
(25) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(26) Compressible Soils Present in Emb. 1.00E-04 Very unlikely
(27) Settlement Occurs Under Upstream Raise 1.00E-02 Possible, but less likely than on A/B paddock embankment walls
(28) Weak/Compressible Soils Present in Foundation 1.00E-04 Very unlikely

(29) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(30) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(31) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(32) Tailings Adjacent To Embankment Settles 1.00E-03 Unlikely
(33) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(34) Slope Failure Induces Localised Static Liquefaction 2.00E-03 Unlikely to occur, but slightly more likely to occur than along C paddock emb. Wall
(35) Static Conditions Prevail - 1 - p(Earthquake Occurs)
(36) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(37) Slope Failure Occurs (Under Static Conditions) 1.00E-05 Highly improbable, walls have been designed & constructed with sufficient factor of safety
(38) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be twice as likely after previous construction problems
(39) Issue not Addressed 0.1 Will be difficult to remedy slope failure due to poor soil conditions around failure location
(40) Unconsolidated Material Present At Depth 1.00E-04 Very unlikely to occur on D paddock wall
(41) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x more likely after previous construction problems
(42) Sub-standard Fill Material 0.1 Highly Probable
(43) Substandard Compaction 1.00E-02 Possible

(44) Slope Failure Induces Localised Static Liquefaction 2.00E-02 10 times more likely to occur under dynamic conditions
(45) Earthquake > OBE Occurs 1.00E-03 1:100 year earthquake event
(46) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(47) Slope Failure Occurs (Under Dynamic Conditions) 1.00E-04 More likely to occur under dynamic conditions
(48) Unconsolidated Material Present At Depth 1.00E-04 Very unlikely to occur on D paddock wall
(49) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be 10x as likely to occur in the event of an earthquake
(50) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x as likely to occur in the event of an earthquake
(51) Sub-standard Fill Material - (42)
(52) Substandard Compaction - (43)

(53) Subsequent Rainfall 1.00E-04 Reduced freeboard only, no sudden inflow - requires 1:10,000 year rainfall to overtop

(54) No Action Taken 1.00E-04 Very unlikely that high pond levels are not addressed
(55) Rainfall Event 1.00E-03 1:1000 year rainfall event required
(56) Blocked Decant 1.00E-03 Unlikely to occur, but blockages are possible

(57) Causes Depression of Crest (Slope Failure) 1.00E-02 Possible since slope failure is likely to occur near crest due to location of phreatic surface

(58) No Action Taken 1.00E-04 Very unlikely that no immediate action is taken after erosion occurs
(59) Burst Pipe Occurs For a Long Period 1.00E-03 Unlikely to occur, but has happened before in C paddock
(60) Due to Shrinkage/Dessication 0.5 True ONLY if: Seasonal cracks have been observed in embankment
(61) Broken Pipe occurs 1.00E-02 True ONLY if: Some history of problems with seepage return pipes
(62) Significant Rainfall Event Occurs 0.1 True ONLY if: 1:10 year event required to enable washout to occur
(63) Released Suddenly (Pond Water) 0.5 Nearly certain to break out once formed
(64) Poor Surface Geometry Develops 1.00E-04 Very unlikely since surface geometry is constantly monitored
(65) No Action Taken 1.00E-03 Unlikely that poor surface conditions are not remediated
(66) Rainfall Event 0.1 1:10 year event required to cause sizeable volume to pond
(67) Slope Failure Occurs - Calculated in Structural Damage fault tree
(68) Under Static Conditions - Calculated in Structural Damage fault tree
(69) Under Dynamic Conditions - Calculated in Structural Damage fault tree
(70) Under Static Conditions (Due to Differential Settlement) - Calculated in Structural Damage fault tree
(71) Under Dynamic Conditions (Due to Diff. Settlement) - Calculated in Structural Damage fault tree
(72) Under Static Conditions (Due to Instability) - Calculated in Structural Damage fault tree
(73) Under Dynamic Conditions (Due to Instability) - Calculated in Structural Damage fault tree

(74) No Action Taken 1.00E-04 Very unlikely that depression of crest is not noticed or remediated
(75) Settlement of Embankment 1.00E-06 Almost impossible

PATHWAY 5
ASSIGNED 

VALUE
JUSTIFICATIONDESCRIPTIONREF No.
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Release Due to Rush of Water Through Embankment
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September 2005 Table G8 05641089-R01

(01) Internal Piping Exists 0.5 Has been observed in TSFs previously operating in area
(02) Cont. Internal Pathway Connects to  Def. Zone 1.00E-03 Unlikely, but has been recorded at other TSFs
(03) Pond Water Connects to Int. Pathway 1.00E-03 Water will flow through a pathway if it is continuous between pond and defective zone
(04) Coarse Material Used as Fill 1.00E-04 Very unlikely as 50% of tailings near emb. are <0.075mm in size
(05) Poorly Consolidated Zone of Fill 0.1 High probable that a poorly consolidated zone of fill exists at some location
(06) Unexpected Material Properties in Fill 1.00E-04 Very unlikely

(07) Earthquake Occurs 2.00E-03 Operating Base Earthquake = 1:500 year change of occuring
(08) Settlement Occurs Under Upstream Raise 0.1 Highly probable following large earthquake event
(09) Loose Soils Present 1.00E-03 Unlikely, given monitoring regime during construction
(10) Lateral Spreading Occurs (Shakedown) 0.1 Highly probable following large earthquake event
(11) Weak/Compressible Soils Present 1.00E-02 Possible, since zones of compressible soils have been observed here in the past
(12) Soils Subject to Liquefaction Present 1.00E-05 Very low likelihood of soils liquefying

(13) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(14) Liquefaction of Tailings Due to Earthquake 5.00E-05 Based on previous reports, it is very unlikely to highly improbable that it occurs
(15) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(16) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(17) Tailings Adjacent To Embankment Settles 0.1 Highly probable following earthquake event
(18) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(19) Compressible Soils Present in Emb. 1.00E-04 Very unlikely
(20) Settlement Occurs Under Upstream Raise 1.00E-02 Possible, but less likely than on A/B paddock embankment walls
(21) Weak/Compressible Soils Present in Foundation 1.00E-02 Possible, since zones of compressible soils have been observed here in the past

(22) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(23) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(24) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(25) Tailings Adjacent To Embankment Settles 1.00E-03 Unlikely
(26) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(27) Slope Failure Induces Localised Static Liquefaction 2.00E-03 Unlikely to occur, but slightly more likely to occur than along C paddock emb. Wall
(28) Static Conditions Prevail - 1 - p(Earthquake Occurs)
(29) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(30) Slope Failure Occurs (Under Static Conditions) 2.00E-05 Twice as likely to occur as on outer wall
(31) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be twice as likely after previous construction problems
(32) Issue not Addressed 0.1 Will be difficult to remedy slope failure due to poor soil conditions around failure location
(33) Unconsolidated Material Present At Depth 1.00E-04 Very unlikely to occur on D paddock wall
(34) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x more likely after previous construction problems
(35) Sub-standard Fill Material 0.1 Highly Probable
(36) Substandard Compaction 1.00E-02 Possible

(37) Slope Failure Induces Localised Static Liquefaction 2.00E-03 Unlikely to occur, but slightly more likely to occur than along C paddock emb. Wall
(38) Earthquake > OBE Occurs 1.00E-03 1:100 year earthquake event
(39) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(40) Slope Failure Occurs (Under Dynamic Conditions) 1.00E-04 More likely to occur under dynamic conditions
(41) Unconsolidated Material Present At Depth 1.00E-04 Very unlikely to occur on D paddock wall
(42) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be 10x as likely to occur in the event of an earthquake
(43) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x as likely to occur in the event of an earthquake
(44) Sub-standard Fill Material - (35)
(45) Substandard Compaction - (36)

(46) Subsequent Rainfall 1.00E-04 Reduced freeboard only, no sudden inflow - requires 1:10,000 year rainfall to overtop

(47) No Action Taken 1.00E-04 Very unlikely that high pond levels are not addressed
(48) Rainfall Event 1.00E-03 1:1000 year rainfall event required
(49) Blocked Decant 1.00E-03 Unlikely to occur, but blockages are possible

(50) Causes Depression of Crest (Slope Failure) 1.00E-02 Possible since slope failure is likely to occur near crest due to location of phreatic surface

(51) No Action Taken 1.00E-04 Very unlikely that no immediate action is taken after erosion occurs
(52) Burst Pipe Occurs For a Long Period 1.00E-03 Unlikely to occur, but has happened before in C paddock
(53) Due to Shrinkage/Dessication 0.5 True ONLY if: Seasonal cracks have been observed in embankment
(54) Broken Pipe occurs 1.00E-02 True ONLY if: Some history of problems with seepage return pipes
(55) Significant Rainfall Event Occurs 0.1 True ONLY if: 1:10 year event required to enable washout to occur
(56) Released Suddenly (Pond Water) 0.5 Nearly certain to break out once formed
(57) Poor Surface Geometry Develops 1.00E-04 Very unlikely since surface geometry is constantly monitored
(58) No Action Taken 1.00E-03 Unlikely that poor surface conditions are not remediated
(59) Rainfall Event 0.1 1:10 year event required to cause sizeable volume to pond
(60) Slope Failure Occurs - Calculated in Structural Damage fault tree
(61) Under Static Conditions (Due to Differential Settlement) - Calculated in Structural Damage fault tree
(62) Under Dynamic Conditions (Due to Diff. Settlement) - Calculated in Structural Damage fault tree
(63) Under Static Conditions (Due to Instability) - Calculated in Structural Damage fault tree
(64) Under Dynamic Conditions (Due to Instability) - Calculated in Structural Damage fault tree

(65) Earthquake Event 2.00E-04 1:5000 year earthquake event
(66) Lateral Spreading of Base 0.1 Highly probable following large earthquake event
(67) Settlement Occurs Under Upstream Raise (Static) 1.00E-05 Highly improbable to occur without an earthquake
(68) Earthquake Occurs 2.00E-04 1:5000 year earthquake event
(69) Settlement Occurs Under Upstream Raise (Dynamic) 0.1 Highly probable following large earthquake event
(70) Compressible Soils Present in Div. Wall 1.00E-05 Highly unlikely given the construction material used (check construction material)
(71) Earthquake Occurs 2.00E-04 1:5000 year earthquake event
(72) Loose Soils Present in Embankment 1.00E-05 Very low likelihood of soils liquefying (check if this is true)

Settlement of Divider Wall Occurs

Differential Settlement (Dynamic)

Mobile Materials in the Vicinity (Dynamic)

Differential Settlement (Static)

Mobile Materials in the Vicinity (Static)

Slope Failure (Static)

Pond Level Too High

Crest Too Low (Slope Failure)

Crest Too Low (Unremediated Erosion Causes Low Spot)

Reduced Freeboard and Subsequent Rainfall

Release Through Internal Pathways and Embankment

Slope Failure (Dynamic)

D INTO C PADDOCK
ASSIGNED 

VALUE
JUSTIFICATIONDESCRIPTIONREF No.
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FAULT TREE, PATHWAY A                                                 
RELEASE DUE TO STRUCTURAL FAILURE

05641089-R01
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FAULT TREE, PATHWAY A                                                 
RELEASE DUE TO OVERTOPPING

05641089-R01
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September 2005 Table G9 05641089-R01

(01) Internal Piping Exists 0.5 Has been observed in TSFs previously operating in area
(02) Cont. Internal Pathway Connects to  Def. Zone 1.00E-03 Unlikely, but has been recorded at other TSFs
(03) Pond Water Connects to Int. Pathway 1.00E-03 Water will flow through a pathway if it is continuous between pond and defective zone
(04) Coarse Material Used as Fill 1.00E-04 Very unlikely as 50% of tailings near emb. are <0.075mm in size
(05) Poorly Consolidated Zone of Fill 0.1 High probable that a poorly consolidated zone of fill exists at some location
(06) Unexpected Material Properties in Fill 1.00E-04 Very unlikely

(07) Water Flows Into Anisotropic Zone 0.1 Highly probable that water will flow into anisotropic zone
(08) Water Flow Reaches Def. Zone 1.00E-02 Possible that water flow reaches defective zone
(09) Structural Damage of C/D Paddock Div. Wall - Linked to Structural Damage of C/D Division Wall
(10) Overtopping of D Paddock into C Paddock - Linked to Overtopping of D Paddock into C Paddock
(11) Coarse Material Used as Fill - Very unlikely as 50% of tailings near emb. are <0.075mm in size
(12) Poorly Consolidated Zone of Fill - High probable that a poorly consolidated zone of fill exists at some location
(13) Unexpected Material Properties in Fill - Very unlikely

(14) Earthquake Occurs 2.00E-03 Operating Base Earthquake = 1:500 year change of occuring
(15) Settlement Occurs Under Upstream Raise 0.1 Highly probable following large earthquake event
(16) Loose Soils Present 1.00E-03 Unlikely, given monitoring regime during construction
(17) Lateral Spreading Occurs (Shakedown) 0.1 Highly probable following large earthquake event
(18) Weak/Compressible Soils Present 1.00E-03 Unlikely on this wall
(19) Soils Subject to Liquefaction Present 1.00E-05 Very low likelihood of soils liquefying

(20) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(21) Liquefaction of Tailings Due to Earthquake 5.00E-05 Based on previous reports, it is very unlikely to highly improbable that it occurs
(22) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(23) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(24) Tailings Adjacent To Embankment Settles 0.1 Highly probable following earthquake event
(25) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(26) Compressible Soils Present in Emb. 1.00E-04 Very unlikely
(27) Settlement Occurs Under Upstream Raise 5.00E-02 Compressible soils have been observed here in the past
(28) Weak/Compressible Soils Present in Foundation 1.00E-03 Unlikely on this wall

(29) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(30) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(31) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(32) Tailings Adjacent To Embankment Settles 1.00E-03 Unlikely
(33) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(34) Slope Failure Induces Localised Static Liquefaction 1.00E-03 Unlikely that liquefaction occurs along C emb. Wall
(35) Static Conditions Prevail - 1 - p(Earthquake Occurs)
(36) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(37) Slope Failure Occurs 2.00E-05 Twice as likely to occur as on outer wall
(38) Slope Failure Occurs - Assumed to be twice as likely after previous construction problems
(39) Issue not Addressed 0.1 Will be difficult to remedy slope failure due to poor soil conditions around failure location
(40) Unconsolidated Material Present At Depth 1.00E-04 Very unlikely to occur on D paddock wall
(41) Slope Failure Occurs - Assumed to be 10x more likely after previous construction problems
(42) Sub-standard Fill Material 0.1 Highly Probable
(43) Substandard Compaction 1.00E-02 Possible

(44) Slope Failure Induces Localised Static Liquefaction 2.00E-03 Ten times more likely to occur under dynamic conditions
(45) Earthquake > OBE Occurs 1.00E-03 1:100 year earthquake event.
(46) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(47) Slope Failure Occurs 1.00E-04 More likely to occur under dynamic conditions
(48) Unconsolidated Material Present At Depth 1.00E-04 Very unlikely to occur on D paddock wall
(49) Slope Failure Occurs - Assumed to be 10x as likely to occur in the event of an earthquake
(50) Slope Failure Occurs - Assumed to be 10x as likely to occur in the event of an earthquake
(51) Sub-standard Fill Material - (42)
(52) Substandard Compaction - (43)

(53) Subsequent Rainfall 2.50E-05 1:40,000 year rainfall will result in overtopping if freeboard in D Paddock is reduced by 0.2 m
(54) Release Due to Structural Damage - Calculated in Paddock C overtops into AB
(55) Release Due to Overtopping - Calculated in Paddock C overtops into AB

(56) Subsequent Rainfall 1.00E-04 Reduced freeboard only, no sudden inflow - requires 1:10,000 year rainfall to overtop

(57) No Action Taken 1.00E-04 Very unlikely that high pond levels are not addressed
(58) Rainfall Event 1.00E-03 1:1000 year rainfall event required
(59) Blocked Decant 1.00E-03 Unlikely to occur, but blockages are possible

(60) Causes Depression of Crest (Slope Failure) 1.00E-02 Possible since slope failure is likely to occur near crest due to location of phreatic surface
Crest Too Low (Unremediated Erosion Causes Low Spot)

(61) No Action Taken 1.00E-04 Very unlikely that no immediate action is taken after erosion occurs
(62) Burst Pipe Occurs For a Long Period 1.00E-03 Unlikely to occur, but has happened before in C paddock
(63) Due to Shrinkage/Dessication 0.5 True ONLY if: Seasonal cracks have been observed in embankment
(64) Broken Pipe occurs 1.00E-02 True ONLY if: Some history of problems with seepage return pipes
(65) Significant Rainfall Event Occurs 0.1 True ONLY if: 1:10 year event required to enable washout to occur
(66) Released Suddenly (Pond Water) 0.5 Nearly certain to break out once formed
(67) Poor Surface Geometry Develops 1.00E-04 Very unlikely since surface geometry is constantly monitored
(68) No Action Taken 1.00E-03 Unlikely that poor surface conditions are not remediated
(69) Rainfall Event 0.1 1:10 year event required to cause sizeable volume to pond
(70) Slope Failure Occurs - Calculated in Structural Damage fault tree
(71) Under Static Conditions (Due to Differential Settlement) - Calculated in Structural Damage fault tree
(72) Under Dynamic Conditions (Due to Diff. Settlement) - Calculated in Structural Damage fault tree
(73) Under Static Conditions (Due to Instability) - Calculated in Structural Damage fault tree
(74) Under Dynamic Conditions (Due to Instability) - Calculated in Structural Damage fault tree

(75) Earthquake Event 2.00E-04 1:5000 year earthquake event
(76) Lateral Spreading of Base 0.1 Highly probable following large earthquake event
(77) Settlement Occurs Under Upstream Raise (Static) 1.00E-05 Highly improbable to occur without an earthquake
(78) Earthquake Occurs 2.00E-04 1:5000 year earthquake event
(79) Settlement Occurs Under Upstream Raise (Dynamic) 0.1 Highly probable following large earthquake event
(80) Compressible Soils Present in Div. Wall 1.00E-05 Highly unlikely given the construction material used (check construction material)
(81) Earthquake Occurs 2.00E-04 1:5000 year earthquake event
(82) Loose Soils Present in Embankment 1.00E-05 Very low likelihood of soils liquefying (check if this is true)

Settlement of Divider Wall Occurs

Pond Level Too High

Crest Too Low (Slope Failure)

Slope Failure (Static)

Slope Failure (Dynamic)

Sudden Inflow Exceeds Capacity

Reduced Freeboard and Subsequent Rainfall

Mobile Materials in the Vicinity (Dynamic)

Differential Settlement (Static)

Mobile Materials in the Vicinity (Static)

Differential Settlement (Dynamic)

Release Through Internal Pathways and Embankment

Release Due to Rush of Water Through Embankment

C INTO AB PADDOCK
ASSIGNED 

VALUE
JUSTIFICATIONDESCRIPTIONREF No.

Golder Associates



 

  CLIENT            KCGM PROJECT        Fimiston II - Addendum to NOI
 DRAWN MN DATE Sep. 05
 CHECK  DATE Sep. 05

SCALE NTS A3 PROJECT No.     FIGURE G13
J:\Jobs405\MINING\05641089 -KCGM_Fim II and Kaltails NOI\Dam Break\Fault + Event Tree\Figures.xls
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Slope Failure Causing 
Slumping of Crest

Crest Too Low

Subsequent Rainfall

No Action Taken

1.999E-07

Pond Level Too High

Causes Sufficient 
Depression of Crest

Slope Failure Occurs

3.96E-10

Under Static Conditions Under Static Conditions Under Dynamic Conditions

Burst Pipe Occurs For a 
Long Period

Erosion Occurs

Blocked Decant

Reduced Freeboard & 
Subsequent Rainfall

6.70E-09

Reduced Freeboard

6.70E-05

Unremediated Erosion 
Causes Low Spot

Settlement Occurs Under 
Upstream Raise

Earthquake Occurs

Rainfall Event

Water Ponds on Crest or 
Step-Back

No Earthquake

0.9998

Released Suddenly

Significant Rainfall Event 
Occurs

1.00E-05
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(01) Internal Piping Exists 0.5 Has been observed in TSFs previously operating in area
(02) Cont. Internal Pathway Connects to  Def. Zone 1.00E-03 Unlikely, but has been recorded at other TSFs
(03) Pond Water Connects to Int. Pathway 0.001 Water will flow through a pathway if it is continuous between pond and defective zone
(04) Coarse Material Used as Fill 1.00E-04 Very unlikely as 50% of tailings near emb. are <0.075mm in size
(05) Poorly Consolidated Zone of Fill 0.1 High probable that a poorly consolidated zone of fill exists at some location
(06) Unexpected Material Properties in Fill 1.00E-04 Very unlikely

(07) Earthquake Occurs 2.00E-03 Operating Base Earthquake = 1:500 year change of occuring
(08) Settlement Occurs Under Upstream Raise 0.1 Highly probable following large earthquake event
(09) Loose Soils Present 1.00E-03 Unlikely, given monitoring regime during construction
(10) Lateral Spreading Occurs (Shakedown) 0.1 Highly probable following large earthquake event
(11) Weak/Compressible Soils Present 1.00E-03 Unlikely on this wall
(12) Soils Subject to Liquefaction Present 1.00E-05 Very low likelihood of soils liquefying

(13) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(14) Liquefaction of Tailings Due to Earthquake 5.00E-05 Based on previous reports, it is very unlikely to highly improbable that it occurs
(15) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(16) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(17) Tailings Adjacent To Embankment Settles 0.1 Highly probable following earthquake event
(18) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(19) Compressible Soils Present in Emb. 1.00E-04 Very unlikely
(20) Settlement Occurs Under Upstream Raise 5.00E-02 Compressible soils have been observed here in the past
(21) Weak/Compressible Soils Present in Foundation 1.00E-03 Unlikely on this wall

(22) Water Ponded Against Embankment 1.00E-05 Highly improbable due to maintenance record. (check history of water reaching emb)
(23) Beach Erosion Occurs Adjacent to Settlement 1.00E-03 Unlikely to occur
(24) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required
(25) Tailings Adjacent To Embankment Settles 1.00E-03 Unlikely
(26) Rainfall Event Causes Sufficient Pond Rise 1.00E-03 1:1000 year rainfall event required

(27) Slope Failure Induces Localised Static Liquefaction 2.00E-03 Unlikely to occur, but slightly more likely to occur than along C paddock emb. Wall
(28) Static Conditions Prevail - 1 - p(Earthquake Occurs)
(29) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(30) Slope Failure Occurs (Under Static Conditions) 2.00E-05 Twice as likely to occur as on outer wall
(31) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be twice as likely after previous construction problems.
(32) Issue not Addressed 0.1 Will be difficult to remedy slope failure due to poor soil conditions around failure location
(33) Unconsolidated Material Present At Depth 1.00E-04 Very unlikely to occur on D paddock wall
(34) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x more likely after previous construction problems
(35) Sub-standard Fill Material 0.1 Highly Probable
(36) Substandard Compaction 1.00E-02 Possible

(37) Slope Failure Induces Localised Static Liquefaction 2.00E-03 Ten times more likely to occur under dynamic conditions
(38) Earthquake > OBE Occurs 1.00E-03 1:100 year earthquake event
(39) Expected Conditions Prevail - 1 - [p(Pond Level Too High) + p(Sub-Standard Construction)]
(40) Slope Failure Occurs (Under Dynamic Conditions) 0.0001 More likely to occur under dynamic conditions
(41) Unconsolidated Material Present At Depth 1.00E-04 Very unlikely to occur on D paddock wall
(42) Slope Failure Occurs (With Raised Phreatic Surface) - Assumed to be 10x as likely to occur in the event of an earthquake
(43) Slope Failure Occurs (After Construction Problems) - Assumed to be 10x as likely to occur in the event of an earthquake
(44) Sub-standard Fill Material 0.1 (35)
(45) Substandard Compaction 1.00E-02 (36)

(46) Subsequent Rainfall 1.00E-04 Reduced freeboard only, no sudden inflow - requires 1:10,000 year rainfall to overtop

(47) No Action Taken 1.00E-04 Very unlikely that high pond levels are not addressed
(48) Rainfall Event 1.00E-03 1:1000 year rainfall event required
(49) Blocked Decant 1.00E-03 Unlikely to occur, but blockages are possible

(50) Causes Depression of Crest (Slope Failure) 1.00E-02 Possible since slope failure is likely to occur near crest due to location of phreatic surface

(51) No Action Taken 1.00E-04 Very unlikely that no immediate action is taken after erosion occurs
(52) Burst Pipe Occurs For a Long Period 1.00E-03 Unlikely to occur, but has happened before in C paddock
(53) Due to Shrinkage/Dessication 0.5 True ONLY if: Seasonal cracks have been observed in embankment
(54) Broken Pipe occurs 1.00E-02 True ONLY if: Some history of problems with seepage return pipes
(55) Significant Rainfall Event Occurs 0.1 True ONLY if: 1:10 year event required to enable washout to occur
(56) Released Suddenly (Pond Water) 0.5 Nearly certain to break out once formed
(57) Poor Surface Geometry Develops 1.00E-04 Very unlikely since surface geometry is constantly monitored
(58) No Action Taken 1.00E-03 Unlikely that poor surface conditions are not remediated
(59) Rainfall Event 0.1 1:10 year event required to cause sizeable volume to pond
(60) Slope Failure Occurs - Calculated in Structural Damage fault tree
(63) Under Static Conditions (Due to Differential Settlement) - Calculated in Structural Damage fault tree
(64) Under Dynamic Conditions (Due to Diff. Settlement) - Calculated in Structural Damage fault tree
(65) Under Static Conditions (Due to Instability) - Calculated in Structural Damage fault tree
(66) Under Dynamic Conditions (Due to Instability) - Calculated in Structural Damage fault tree

(67) Earthquake Event 2.00E-04 1:5000 year earthquake event
(68) Lateral Spreading of Base 0.1 Highly probable following large earthquake event
(69) Settlement Occurs Under Upstream Raise (Static) 1.00E-05 Highly improbable to occur without an earthquake
(70) Earthquake Occurs 2.00E-04 1:5000 year earthquake event
(71) Settlement Occurs Under Upstream Raise (Dynamic) 0.1 Highly probable following large earthquake event
(72) Compressible Soils Present in Div. Wall 1.00E-05 Highly unlikely given the construction material used (check construction material)
(73) Earthquake Occurs 2.00E-04 1:5000 year earthquake event
(74) Loose Soils Present in Embankment 1.00E-05 Very low likelihood of soils liquefying (check if this is true)

Reduced Freeboard and Subsequent Rainfall

Settlement of Divider Wall Occurs

Pond Level Too High

Crest Too Low (Slope Failure)

Crest Too Low (Unremediated Erosion Causes Low Spot)

Slope Failure (Static)

Slope Failure (Dynamic)

Mobile Materials in the Vicinity (Dynamic)

Differential Settlement (Static)

Mobile Materials in the Vicinity (Static)

Release Through Internal Pathways and Embankment

Differential Settlement (Dynamic)

D INTO AB PADDOCK
ASSIGNED 

VALUE
JUSTIFICATIONDESCRIPTIONREF No.
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Important Information About Your

Geotechnical Engineering Report
Subsurface problems are a principal cause of construction delays,

cost overruns, claims and disputes.

The following information is provided to help you manage your risks.

Geotechnical Services Are Performed for
Specific Purposes, Persons, and Projects
Geotechnical engineers structure their services to meet
the specific needs of their clients.  A geotechnical
engineering study conducted for a civil engineer may not
fulfil the needs of a construction contractor or even
another civil engineer.  Because each geotechnical
engineering study is unique, each geotechnical
engineering report is unique, prepared solely for the
client.  No one except you should rely on your
geotechnical engineering report without first conferring
with the geotechnical engineer who prepared it.  And no
one – not even you – should apply the report for any
purpose or project except the one originally
contemplated.

A Geotechnical Engineering Report Is Based
on A Unique Set of Project-Specific Factors
Geotechnical engineers consider a number of unique,
project-specific factors when establishing the scope of a
study.  Typical factors include : the client’s goals,
objectives, and risk management preferences; the general
nature of the structure involved, its size, and
configuration; the location of the structure on the site;
and other planned or existing site improvements, such as
access roads, parking lots, and underground utilities.
Unless the geotechnical engineer who conducted the
study specifically indicates otherwise, do not rely on a
geotechnical engineering report that was :
• not prepared for you,
• not prepared for your project,
• not prepared for the specific site explored, or
• completed before important project changes were

made.
 
 Typical change that can erode the reliability of an existing
geotechnical engineering report include those that affect :
• the function of the proposed structure, as when it’s

changed from a parking garage to an office building,
or from a light industrial plant to a refrigerated
warehouse,

• elevation, configuration, location, orientation, or
weight of the proposed structure,

• composition of the design team, or
• project ownership.

As a general rule, always inform your geotechnical
engineer of project changes – even minor ones – and
request an assessment of their impact.  Geotechnical
Engineers cannot accept responsibility or liability for
problems that occur because their reports do not
consider developments of which they were not informed.

Subsurface Conditions Can Change
A geotechnical engineering report is based on conditions
that existed at the time the study was performed.  Do not
rely on a geotechnical engineering report whose
adequacy may have been affected by : the passage of
time; by man-made events, such as construction on or
adjacent to the site; or by natural events, such as floods,
earthquakes, or groundwater fluctuations.  Always
contact the geotechnical engineer before applying the
report to determine if it is still reliable.  A minor amount of
additional testing or analysis could prevent major
problems.

Most Geotechnical Findings Are Professional
Opinions
Site exploration identifies subsurface conditions only at
those points where subsurface tests are conducted or
samples are taken.  Geotechnical engineers review field
and laboratory data and then apply their professional
judgement to render an opinion about subsurface
conditions throughout the site.  Actual subsurface
conditions may differ – sometimes significantly – from
those indicated in your report.  Retaining the
geotechnical engineer who developed your report to
provide construction observation is the most effective
method of managing the risks associated with
unanticipated conditions.

A Report’s Recommendations Are Not Final
Do not overrely on the construction recommendations
included in your report.  Those recommendations are not
final, because geotechnical engineers develop them
principally from  judgement and opinion.  Geotechnical
engineers can finalise their recommendations only by
observing actual  subsurface  conditions revealed during
construction.  The geotechnical engineer who developed
your  report cannot assume responsibility or liability for
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the report’s recommendations if that engineer does not
perform construction observation.

A Geotechnical Engineering Report Is Subject
to Misinterpretation
Other design team members’ misinterpretation of
geotechnical engineering reports has resulted in costly
problems.  Lower that risk by having your geotechnical
engineer confer with appropriate members of the design
team after submitting the report.  Also retain your
geotechnical engineer to review pertinent elements of the
design team’s plans and specifications.  Contractors can
also misinterpret a geotechnical engineering report.
Reduce that risk by having your geotechnical engineer
participate in prebid and preconstruction conferences,
and by providing construction observation.

Do Not Redraw the Engineer’s Logs
Geotechnical engineers prepare final boring and testing
logs based upon their interpretation of field logs and
laboratory data.  To prevent errors or omissions, the logs
included in a geotechnical engineering report should
never be redrawn for inclusion in architectural or other
design drawings.  Only photographic or electronic
reproduction is acceptable, but recognise that
separating logs from the report can elevate risk.

Give Contractors a Complete Report and
Guidance
Some owners and design professionals mistakenly
believe they can make contractors liable for unanticipated
subsurface conditions by limiting what they provide for
bid preparation.  To help prevent costly problems, give
contractors the complete geotechnical engineering report,
but preface it with a clearly written letter of transmittal.  In
that letter, advise contractors that the report was not
prepared for purposes of bid development and that the
report’s accuracy is limited; encourage them to confer
with the geotechnical engineer who prepared the report (a
modest fee may be required) and/or to conduct additional
study to obtain the specific types of information they
need or prefer.  A prebid conference can also be valuable.
Be sure contractors have sufficient time to perform
additional study.  Only then might you be in a position to

give contractors the best information available to you,
while requiring them to at least share some of the
financial responsibilities stemming from unanticipated
conditions.

Read Responsibility Provisions Closely
Some clients, design professionals, and contractors do
not recognise that geotechnical engineering is far less
exact than other engineering disciplines.  This lack of
understanding has created unrealistic expectations that
have led to disappointments, claims, and disputes.  To
help reduce such risks, geotechnical engineers commonly
include a variety of explanatory provisions in their
reports.  Sometimes labelled “limitations”, many of these
provisions indicate where geotechnical engineers
responsibilities begin and end, to help others recognise
their own responsibilities and risks.  Read these
provisions closely.  Ask questions.  Your geotechnical
engineer should respond fully and frankly.

Geoenvironmental Concerns Are Not
Covered
The equipment, techniques, and personnel used to
perform a geoenvironmental study differ significantly
from those used to perform a geotechnical study.  For
that reason, a geotechnical engineering report does not
usually relate any geoenvironmental findings,
conclusions, or recommendations; e.g., about the
likelihood of encountering underground storage tanks or
regulated contaminants.  Unanticipated environmental
problems have led to numerous project failures.  If you
have not yet obtained your own geoenvironmental
information, ask your geotechnical consultant for risk
management guidance.  Do not rely on an environmental
report prepared for someone else.

Rely on Your Geotechnical Engineer for
Additional Assistance
Membership in ASFE exposes geotechnical engineers to
a wide array of risk management techniques that can be
of genuine benefit for everyone involved with a
construction project.  Confer with your ASFE member
geotechnical engineer for more information.

Copyright 1998 by ASFE, Inc.  Unless ASFE grants written permission to do so, duplication of this document by any means whatsoever is
expressly prohibited.  Re-use of the wording in this document, in whole or in part, also is expressly prohibited, and may be done only with

the express permission of ASFE or for purposes of review of scholarly research.
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