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Figure 1-1: Mining Process Flow 
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Figure 1-2: Drainage Control Summary

CL
EA

RI
N

G 
PH

AS
E 

PI
T 

DE
VE

LE
O

PM
EN

T 
PH

AS
E 

(P
IT

 C
O

N
TR

O
L 

DE
SI

GN
) 

AS
SE

SS
M

EN
T Control Trigger Assessment 

Risk rating based on location, proximity to stream/reservoir, 
average slope & area size. Rating guides selection of Woody 

Windrows and/or Drainage Protection Slots (DPS) 

Woody Windrows 
Where required, vegetated material is 
windrowed to reduce flow velocities 

installed on contour and placement is 
approximately 20m apart 

Drainage Protection Slot 
An area which has been drilled and blasted to 
create voids with increased permeability and 
infiltration rate. DPS typically designed 25m 

wide, placed at the bottom of the 
catchment/pit, installed on contour, blasted 
depth of 1.8m and capacity for the 1% AEP 

24-hr AEP event  

Contingency 
DPS are installed and located below the 

woody windrows 

Alternative Controls 
In the absence of supporting studies and 

information regarding the effectiveness of 
DPS, alternative controls such as trenches 
or sumps should be implemented. These 

controls will increase storage capacity 
with regards to the DPS 

Operational Control 
Progressively removed once DPSs are 

installed and pit development 
 

Effectiveness 
Further technical studies to demonstrate 
DPS performance are required, including 

field testing and erosion modelling. 

Design – Detailed Design 
Detailed design will account for site-specific 

groundwater levels and their variations, 
dieback status, clearing schedule and 

operational requirements  

Operational Controls – Timing 
Each DPS or Alternative Control will be 

installed as early as possible in the clearing 
process and remain in place until an active pit 

face is in place (which provides storage 
capacity) 

Operational Controls – Inspections 
DPS or Alternative Controls are inspected 
after installation. Weekly inspection will 

occur to confirm any maintenance 
requirements and an as-build review will 

occur at least annually.  

Contingency 
A control overflow assessment will be undertaken to ensure a drainage blow-out will not occur. If controls are determined to be inadequate 

during as-built, adaptive management may include increasing the size of DPS, ripping to increase infiltration, pumping and abstraction or 
additional upslope capacity  

Pit Capacity 
Capacity (trenches, sumps and pit faces) 

exceeds 100% design requirement of 
catchment flows. Pit floor should ensure 

2m groundwater separation 

In-Pit Trenches 
Trenches provide additional storage 

capacity and are designed on contour to 
intercept runoff 

In-Pit Sumps / Pit Face 
Pit faces act as the lowest retention feature 
and provide storage capacity. In-pit sumps 

provide additional storage and are 
constructed at convergent flow locations 

Operational Controls – Configuration 
Active pit faces are below ground level 
and create a physical barrier to high-
velocity flows. Blasted ore decrease 

surface flow velocities, promoting local 
infiltration 

Operational Controls – Inspections 
As-build reviews of the active pit-face will occur once pit development commences, including reassessment of storage capacity. Ongoing 

inspections will occur and weekly compliance monitoring of DCMP implementation and as-builts will occur (FCA23B Approval Condition 6a) 

Design – Detailed Design 
Detailed design will occur as required 

Contingency 
If insufficient capacity is determined through as-build reviews, additional in-pit trenches and controls will be installed. The identified over-

flow point ensures the location for potential over-flow (which may occur for rainfall exceeding design conditions) is known and can be 
inspected. As part of the as-built review, a controlled over-flow assessment will be undertaken to ensure a catastrophic drainage overflow 

will not occur. Prior to winter, additional inspection will occur and sediment mitigation controls may be installed 

Legend: 
Control   Operational Control   Design  
Contingency    Alternative Control 
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2 Management of Harvesting and Clearing 

2.1 Harvesting 

When an FCA endorsed area is required for clearing in the next 12 months, the Forest Products 
Commission (FPC) is notified to allow FPC an opportunity to harvest timber, which typically occurs 
year round.  

Previously FPC has engaged contractors to undertake harvesting activities on their behalf. However, 
Alcoa is currently engaging third-party contractor(s) to conduct harvesting activities.  

The potential for significant surface water run-off is minimised following harvesting as residual 
vegetation remains in-situ and the soil profile is not impacted or significantly compacted, although 
some access tracks are required (Figure 2-1). 

 

Figure 2-1: Pit area post-harvesting 

2.2 Clearing 

The clearing schedule presented in the 2023-2027 MMP is considered conceptual as it is contingent 
on obtaining FCA endorsement to clear. The clearing process is detailed in Figure 1-1 with clearing 
activities typically occurring in approximately three to six hectare blocks, but in some circumstances, 

Access Tracks Residual Vegetation 
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up to 10 ha may be cleared. Pits and haul roads are typically cleared at the same time, however haul 
roads are usually installed approximately 6-18 months prior to pit development. 

Once clearing commences, the potential for surface water runoff increases due to soil compaction and 
removal of vegetation. It is noted that the topsoil still acts as a “sponge” and absorbs some volume of 
rainfall due to its infiltration and storage capacity.  

Clearing activities do not typically occur from May to August, when there is an increase in rainfall, as 
clearing activity should align with the rehabilitation season (September to April), to allow the use of 
topsoil for direct return topsoil. However, due to business criticality of clearing, clearing over winter 
may occur. When clearing is required during winter months, it is minimised or avoided in areas of 
higher risk, such as high slope areas.  

To mitigate surface water runoff risk, Alcoa utilises woody windrows and Drainage Protection Slots 
(DPSs). The DPSs are installed as per the following stages: 

1. Woody windrow installation across the pit 

2. Strip topsoil from DPS area  

3. Strip overburden from DPS area 

4. Backfill DPS area where required, for drill rig access  

5. Drill DPS area with shallow (minimum 1.8 m up to 2.2 m deep) and closely spaced (3.5 m apart) 

drill holes 

6. Blast DPS area, resulting in an approximate 0.3 m upheaval (20%) 

To determine the risk associated with a clearing area, notice areas are spatially reviewed against a 
Control Trigger Assessment (Table 2-1) based on location, proximity to water receptors, slope and 
area size (Aspects).  

The resulting risk Rating for each aspect is calculated (0 to 4) and the resulting total Rating determines 
if additional controls (woody windrows or DPSs) are required (as per Table 2-2). The Control Trigger 
Assessment has been included in endorsed DCMPs since 2021. Whilst no specific regulatory feedback 
has been received, it is considered appropriate as DCMPs have been endorsed. However, if required, 
Alcoa can revise the Control Trigger Assessment in consultation with regulators. 
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Table 2-1: Control Trigger Assessment - Criteria 

Risk Rating 

Aspect 

Location (A) 
Proximity to Stream* or Reservoir 

(B) 
Average 
Slope (C) 

Area Size 
(D) 

0 
Mining Exclusion 

Area 
OCA1 

1st & 2nd order streams: 
- 20m from edge of stream zone.  
3rd order + streams (outside 
OCA2): 
- 30m beyond stream zone 
vegetation. 
1,000m upstream of TWL of 
PDWSA reservoirs: 
- 50m beyond stream zone 
vegetation. 

NA NA 

1 High 
RPZ or Serpentine 
Pipehead catchment 

<200m beyond stream zone 
vegetation or reservoir TWL 

>16% >5ha 

2 Moderate 

- Proclaimed catchment 
- Off-site environmentally 
sensitive surface water 
catchment or private 
drinking water supply 

200-500m beyond stream zone 
vegetation or reservoir TWL 

8-16% 1-5ha 

3 Low 
Off-site surface water 
catchment, non-
environmentally sensitive 

500-1,000m beyond stream zone 
vegetation or reservoir TWL 

<8% <1ha 

4 Insignificant On-site water catchment 
>1,000m beyond stream zone 
vegetation or reservoir TWL 

NA NA 

 

Table 2-2: Control Trigger Assessment – Rating  

Drainage Control Aspects for Rating Rating Required Action 

Woody Windrows A +B + C 
3-5 Woody windrows required 

5+ Woody windrows not required 

DPS Assessment B + C + D 
3-10 DPS assessment required 

>10 DPS assessment not required 

 

2.2.1 Woody windrows 

Woody windrows consisting of remaining (post-harvesting) vegetation material to be windrowed  and 
placed on the contour to reduce the velocity of surface water flow from rainfall events and to promote 
water infiltration into the soil profile (Figure 2-2 and Figure 2-3). Some woody windrows remain in 
place until the downslope Drainage Protection Slot (DPS) is installed. Once a DPS is installed, woody 
windrows are eventually removed as per operational capacity. Therefore, in some instances both 
controls are in place at the same time, particularly for larger pits which have staggered clearing areas. 
Typically, woody windrows are not installed within the haul road footprint.  
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Figure 2-3: Pit after woody windrow installation and prior to DPS installation 

 

2.2.2 Drainage Protection Slots 

DPSs consist of an area which has been drilled and blasted (or ripped) to create voids (similar to blasted 
ore) with very high permeability and infiltration. DPSs encourage surface water infiltration by 
effectively capturing the runoff from the upstream catchment. All cleared areas require caprock to be 
fragmented prior to mining or rehabilitation. Fragmented caprock allows rapid access for rain to 
infiltrate directly to the friable bauxite zone.  

2.2.2.1 Pit DPSs 

DPSs will be installed as early as possible in the clearing process to provide drainage protection and 
remain in place until mining commences and are removed as part of the pit development.  

The time of year at which stripping of soil takes place determines the risk of increased surface runoff, 
which increases over winter months. The area is considered to be at higher risk of surface water runoff 
in the period between topsoil and overburden removal, and installation of DPS as required.   

If the Control Trigger Assessment (Table 2-1 and Table 2-2) determines that DPSs are required, the 
following process is followed: 

1. Conceptual catchments associated with the entire clearing area are determined  

2. DPSs are then designed to minimise catchments size, slope and upslope run length. In 
particular, mid-slope DPSs are designed for steep and long upslope run lengths (greater than 
250 m).  

Woody Windrows on contour lines Mid-slope and bottom DPS will be 
installed  
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3. The conceptual catchments are then revised based on individual DPSs.  

4. A DPS Assessment has been included in endorsed DCMPs since 2021, with no regulatory 
feedback received. The final DPS assessment of the DPS Catchment risk (Table 2-3) is 
completed based on: 

a. Proximity to stream zones  

b. Slope 

c. Catchment size 

d. Upslope run length 

A final Rating for each DPS catchment is determined, which confirms if the DPS is 
required  

5. In the event that the Rating determines a DPS is required (Rating of 9 or less), the DPS designs 
are refined as per the following concepts (shown in Figure 2-4 and Figure 2-5): 

a. Width is determined by slope, with approximately 25 m width common on lower 
slopes 

b. Typically located at the bottom of the catchment 

c. Designed on the contour wherever possible, however exceptions may occur where 
considered necessary 

d. Blasting depth of 1.8 m 

e. A minimum retention capacity of a 1% 24-hour Annual Exceedance Probability (AEP), 
with the calculation methodology included in Table 2-4.  

f.  Further studies will be undertaken as per FCA23B Approval Condition 3 to further 
refine and confirm the DPS calculations.  

6. In the event that the Rating determines a DPS is not be required (Rating of 10 or more), no 
DPS design is required. This typically occurs in small catchments which are not steep or in 
proximity to streams. This risk rating is considered a minimum guide only. A DPS may be 
designed if the risk rating is Low in the following scenarios: 

a. DPS catchment is located at the lowest point in the adjacent clearing area 

b. DPS catchment is located adjacent to a stream zone 

c. A mid-slope DPS is required to decrease overall catchment size 

7. A capacity assessment is completed on the DPS. The Capacity Assessment is undertaken as 
per: 

a. DPS Required Capacity – DPS Catchment Area and the required capacity. 

b. DPS Designed Capacity - Parameter Code H in Table 2-4 utilising the designed DPS 
Area.  

c. Capacity Ratio – if greater than 100%, the DPS is considered sufficient to capture and 
contain a 1% AEP 24hr. 
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Use Code Parameter Unit Calculation Value Justification / reference 

B Runoff 
Coefficient - - 0.9 

Used to identify the location and 
the need for mid-slope drainage 

protection slots. 
This soil surface is not compacted as 

the pit floor where runoff 
coefficient of 1.0 was 

recommended in the Drainage 
Manual. Accordingly, a smaller, but 
still a conservative value of 0.9 was 

used in this analysis. 
 

C Length of DPS 
on Contour m - Area specific Area specific data. 

D Depth blasted m - 1.8 
Blast hole depth of 1.8 m is 

assumed to result in an average 
depth of 1.5 m x 20% lift 

E Width of DPS  
(often 7 rows) m - Area specific Dependent upon capacity 

requirement.  

F Effective 
Porosity % - 35% 

Estimate post blast of DPS, which 
has conservatively been reduced 
from 50%. Further studies will be 

undertaken as per FCA23B Approval 
Condition 3 to further refine and 

confirm assumed porosity. 

G Slope % Rise/Run Area specific Cross section surface of DPS – Area 
specific data. 

H 

DPS Internal 
Hydraulic 

Conductivity 
disturbed 
Bauxite 

m/Day - 25 

Worse case for sloping ground 
(H >= E). 

The drainage protection slots are 
highly disturbed after blasting, 
consisting of massive highly 
conductive macropores . It is then 
assumed that the conductivity is at 
least twice the 10m/day that is 
reported (for holes in duricrust) in 
Hydraulic Properties of Darling 
Range Soils. This in effect means for 
this model that daily rainfall/runoff 
will run to lower edge and infiltrate. 
This model is under review and 
improvement and will likely be 
refined and improved post DPS 
infiltration studies. 

I 

Hydraulic 
Conductivity 
undisturbed 

bauxite 

m/Day - 0.47 

Hydraulic Properties of Darling 
Range Soils (Raper & Croton, 1996): 
This layer (friable zone beneath the 
duricrust) is loamy in texture with a 
high porosity and a well developed 

macro-pore structure, but only a 
moderate plant available water 
storage. It has a relatively high 

hydraulic conductivity, ranging from 
about 200 to 1,000 mm/d (0.2-

1.0m/day). Therefore, the 
recommended parameter is 

0.47m/day 
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Use Code Parameter Unit Calculation Value Justification / reference 

O
ut

pu
t 

J 
Wet Cross 

Section Area 
where G <= D/E 

m2 
F x E x (D - G x 

E/2) + (1 – D/H) 
x (I x (D + E)) 

22 

Calculated example of output for 
Slope(G) = 5%. 

The Wet Cross Section area is the 
vertical and horizontal infiltration 
faces as demonstrated in Figure 

2-4 (i.e. below the DPS blasted void 
and to the right of the DPS blasted 

void).  

K 
Wet Cross 

Section Area 
where G > D/E 

m2 
F x (D^2 / G)/2 + 
(1 – D/H) x (I x (D 

+ D / G)) 
9.8 Calculated example of output for 

Slope(G) = 15% 

L 

DPS average 
upslope Run 

Length where    
G = 5% 

m J / (B x A/1000) - 
E 

143 (Huntly) 
119 (Willowdale) 

Calculated example of output for 
Slope(G) = 5%. 

Two average slope values (5% and 
15%) were used for example only. 
The measured slope for each DPS 

catchment is used in the DPS 
calculation. 

M 

DPS average 
upslope Run 

Length where      
G = 15% 

m K / (B x A/1000) - 
E 

50 (Huntly) 
39 (Willowdale) 

Calculated example of output for 
Slope(G) = 15%. 

Two average slope values (5% and 
15%) were used for example only. 
The measured slope for each DPS 

catchment is used in the DPS 
calculation. 

N 

Critical 
Catchment 

Capacity for 1% 
AEP 24Hr 

m3 
/Ha A x 10 x B 

1,305 (Huntly) 
1,521 

(Willowdale) 
Calculation 

O 
DPS on Contour 
Length per Ha 
where G = 5% 

m N / J 59 (Huntly) 
69 (Willowdale) 

Example calculation 
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Use Code Parameter Unit Calculation Value Justification / reference 

P 
DPS on Contour 
Length per Ha 
where G = 15% 

m N / K 133 (Huntly) 
155 (Willowdale) 

Example calculation 

 

Figure 2-4: DPS concept 

 

 

Figure 2-5: DPS concept  
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Figure 2-6: DPS example with bottom and mid-slope DPS 

 

DPSs are installed as per the following stages: 

1. Woody windrow installation across the pit 

2. Strip topsoil from DPS area  

3. Strip overburden from DPS area 

4. Backfill DPS area where required, for drill rig access  

5. Drill DPS area with shallow (minimum 1.8 m up to 2.2 m depth) and closely spaced (3.5 m 

apart) drill holes 

6. Blast DPS area, resulting in approximately 0.5 m upheaval 

7. Remove woody windrows from remainder of pit (as per clearing schedule) 

8. Continue pit development (i.e. strip topsoil and overburden) from remainder of pit.  

Installation of DPSs in higher risk areas, such as steep slopes (>16% slope), may occur in winter months 
but are managed by selecting a window of dry weather, installing DPSs in smaller areas (approximately 
250 m portions) and/or minimising open areas within a shorter time period (i.e. one week).  

Mid Slope DPS and bottom slope DPS  Woody Windrows removed 

Woody Windows that remain. Separate self -
contained haul road sumps 
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Storage capacity is obtained from the active pit face and if required, additional in-pit drainage controls 
such as trenches and sumps (as shown in Figure 3-1). Further details on the in-pit storage features are 
detailed in Table 3-2. 

Table 3-2: In-pit storage controls 

In-pit 
storage 
control 

Details 

Pit-face 

The pit face is where blasted ore has been removed and a compacted pit floor remains. The pit 
face would be located below local ground level and increases in size as the blasted ore is 
extracted. The pit face location and size depends on the detailed mine plan and mining 
methodology.  

Pit faces act as the lowest retention feature, similar to a sump, and provide storage capacity. In 
some instances a pit face may not be utilised as a storage control in the final pit void, as the pit 
face may be too shallow or sloped to provide sufficient storage capacity. 

The pit face in-situ caprock is approximately 1 m thick consolidated rock which has been loosely 
fractured from the blasting process. This caprock remains around the edge of the pit face and is 
geotechnically stable and allows water infiltration. In addition, in the event of pit storage 
capacity been insufficient, it is expected that surface water will over-top with negligible erosion 
at the overflow point. The identified out-pit overflow point ensures the location for potential 
overflow is known and can be inspected. Out-pit overflow points prevent catastrophic 
containment failure in the event design parameters and contingency controls are exceeded. 

Trenches 

Trenches provide additional storage capacity and have been designed on the slope to intersect 
perpendicular to flowlines. Trenches also assist in decreasing surface runoff velocity through 
interception and increasing flow pathways. 

There is typically a down-slope windrow and a smaller up-slope safety bund with gaps 
approximately every 5 m to allow water inflow. Trenches are typically a maximum of 3 m deep 
and 4 m wide. A conceptual trench design is shown in Figure 3-2 with an example shown in 
Figure 3-4 and Figure 3-5.  

Sumps 

In-pit sumps provide additional storage capacity located at convergent flow lines and allow 
potential for water handling, if required. 

Sumps typically have a 30% batter (embankment) slope and a 15 m length pushed batter. 
However, design dimensions vary depending on required volume, slope and available open area. 
The overflow location is typically 1 m below the top of the batter and consists of a constructed 
gap in the sump embankment. A conceptual sump design is shown in Figure 3-3 with an 
example shown in Figure 3-6. 

Below ground sumps may be utilised in scenarios whereby embankment stability is critical, for 
example at the lowest position of a cleared area. 

Ripping / 
Blasting 

Ripping or blasting may be used to increase storage capacity or manage surface water runoff 
(similar to a DPS). 
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During conceptual phase some simplifications have been deployed in design of the control structures, 
as outlined below: 

1. General: 

o Designers must adjust feature shapes & depths for leading indicators, such as depth to 
groundwater and Black Cockatoo nesting trees. 

o The selection of drainage control measure allows for the correct future resource 
allocation, for example constructability using dozers or excavators. 

2. Trenches: 

o Trenches are placed on contours to maximise their storage efficiency. 
o Initially, the simple geometry is assumed: 3 m deep and 4 m wide trench. 
o The length of this simple trench is designed to match the storage volume required. 
o In the detailed design the geometry is further refined, by accounting for other structures, 

preferred location of outflow point and like. 

3. Sumps: 

o Initially, sumps are represented as circular truncated cones. 
o A data set has been prepared providing relationships between the truncated cone’s 

capacity and key geometrical features such as base radius, top radius, side slope and 
height. 

o These “typical sumps” are used in conceptual design to select the one whose capacity fits 
closest to the storage volume required for a particular sub-catchment. 

o The placement of the selected truncated cone is adjusted to consider other nearby 
structures, such as other sumps, trenches or pit faces. 

o Later on, during final design, further refinement will take place of these circular truncated 
cones, most likely by converting some of them into truncated cones with elliptical base, 
to better fit the final pit geometry and presence of other structures. 

o The experience from designing many of these sumps showed that this staged approach, 
from initial, simplified sump’s adjustment to the local topographical constraints, to the 
development of the more refined geometry in the final design produces optimum spatial 
placements of the drainage structures. 

The design process for the conceptual final pit void storage capacity consists of: 

1. Defining the catchments based on the final pit topography and compacted pit 

floor, which shows the final pit face, which assumes:  

o Catchment are based on 2m by 2m survey grid or drone surveys with 0.2m in vertical 
resolution. 

o In-pit catchments are designed based on final pit topography and the expected 
compacted pit floor. 

o The FCA Notice Areas include a 15 m clearing safety buffer which is unlikely to be cleared 
during pit operations. These areas are typically excluded from the pit catchment. 

o The 6 m blasted overbreak is excluded, which encourages infiltration and minimises 
potential surface water runoff from the upslope forest into the pit. Runoff and infiltration 





 
 

  Page 24 

than 2 m separation distance may exist for portions of the pit, however this will be 
confirmed as part of the detailed design stage.  

o Maximum design depth for trenches is 4 m, so the potential for groundwater interception 
is low. Any high groundwater areas can result in shallower in-pit controls, which are 
compensated by larger capacity controls upslope. 

o V-drains or bunds may be utilised to divert water from upslope catchments. 

 

 

 

Figure 3-1: Pit drainage controls 

 

All pit drainage controls are designed as per the basis of design detailed in the Drainage Design 
Manual, inclusive of hydrotechnical and geotechnical design aspects.  
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Figure 3-2: Conceptual trench design 

 

 

Figure 3-3: Conceptual sump design 
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Figure 3-4: In-pit trench (Mabbott 01) 

 

 

Figure 3-5: In-pit trench (Rance 3) 

 

Stockpile Piles with 
Vegetation 

In-pit trenches Uncleared vegetation > 16% slope 

Trenches  
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Figure 3-6: In-pit sump (Mabbott 1) 

3.1.2 Haul roads 

All haul roads are designed as per the basis of design detailed in the Drainage Design Manual (Table 
3-3). The minimum required holding capacity is based on a 1% 72-hour AEP rainfall design event for 
each area of haul road catchment. Haul roads catchments are considered to have more surface water 
runoff in relation to mining pit catchments. This is demonstrated through water balance modelling to 
contain the high majority of winter rainfall series. It takes into consideration wet antecedent storage 
feature conditions and a 1% 72 hour AEP rainfall design event with dry antecedent storage feature 
conditions. 

Haul roads and associated infrastructure, such as sumps, are designed to contain surface water runoff 
and minimise discharge of turbid water to the surrounding environment or mining areas. DCMPs do 
not typically show the haul road catchments, as these are contained in the detailed designs. 

Catchments take into account dieback status, natural topography, bends of the haul road (whereby a 
sump will be required) and sumps are typically placed 150 m apart.  

Stream zone sumps are placed 1 m above the stream (based on lidar data). All haul road sumps have 
a rock armoured spillway point, given the sumps are constructed above ground level. 

In-pit Sump 
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If required, the Drainage Engineer will undertake a pit or DPS as-built review (as detailed in Section 
4.2.2 and 4.2.3). If pit capacity is not sufficient, a Drainage Control Plan (DCP) will be developed, with 
examples of a sump and trench DCP shown in Figure 4-5 and Figure 4-6, respectively. If DPS capacity 
or catchment requires corrective or preventative actions, a DCP or Development Plan (as per Section 
4.1.2) would be developed. DCPs include a GPS shapefile, which is issued to heavy equipment 
operators (dozers or excavators). Once finalised, all DCPs are reviewed and endorsed by the 
Drainage/Water Engineer.  

Weekly independent compliance monitoring, focussing on DCMP implementation and relevant as-
builts, will be undertaken as per FCA23B Approval Condition 6a.  

 
Figure 4-1: Sump DCP example 

 

Figure 4-2: Trench DCP example 

4.2.2 Quarterly Pit as-builts 

Once mining commences the compacted pit floor increases, the associated catchment and 
requirement for capacity to contain surface water run-off increases.  
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Active pits with a compacted pit floor are reviewed on a quarterly basis to determine the catchment 
and required capacity, which aligns with 2023-2027 MMP approval condition 12 and 16(d) regarding 
the provision of as-built designs.   

Alcoa completes as-built reviews on the actual pit and haul roads, consisting of a review of survey 
data. Unless recent lidar information is available, a current survey pick-up is completed by drones. The 
catchments are developed in Global Mapper by: 

1. Determining the flow lines. 

2. Identifying the out-pit overflow point. 

3. Determining catchment boundaries by taking into account: 

a. Haul roads. 

b. Haul road drop boxes. 

c. Rehabilitation areas (identify any potential erosion from flow lines and aerial imagery) 
based on recent lidar. 

d. Current pit void and associated in-pit trenches and sumps. 

e. Exclusion of broken ore (considered an infiltration area). 

f. Erosion from rehabilitated areas. 

g. Pit compacted floor. 

h. Exclusion of the 21 m clearing buffer (similar to DCMPs conceptual design). 

Once the catchment is determined, the capacity of catchment is calculated in Global Mapper and is 
compared against the Drainage Design Manual capacity requirements (refer to Section 3.1). 

As part of the as-built review, actual drainage controls are confirmed and extent stored spatially. If 
the capacity is insufficient, a DCP is developed to install additional pit capacity. Design updates are 
completed to facilitate construction throughout the year, with a prioritisation process utilised. Priority 
for design updates and execution is given to High risk rated pits, which is determined by the capacity 
ratio, proximity to reservoir and the Drainage/Water Engineer.  

As-builts and details on any DCMP design variations will be provided to MOG twice a year, at least four 
months apart (for any pits or haul roads that have an average slope greater than 16% or greater than 
30% sub-catchment clearing), or within four months upon request for clearing within public drinking 
water catchments (as per MMP Approval Condition 12a and 16). 
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Figure 4-3: Pit Catchment review process 

 

4.2.3 DPS as-builts 

Historically DPS as-builts have consisted of field inspections to ensure DPS are correctly installed and 
maintained. 

Alcoa will increase the DPS as-built process through an aerial surveillance programme similar to the 
pit as-built reviews. This process is proposed to allow the DPS catchment to be identified and adequacy 
of DPS to be confirmed, with an example outcome shown in Figure 4-8. It consists of: 

1. Where possible, pre-blasting survey data  
2. Survey data obtained following DPS installation  
3. Determine the flow lines utilising Global Mapper 
4. Identifying the out-pit overflow point. 
5. Determining catchment boundaries by taking into account: 

a. Haul roads. 

b. Rehabilitation areas (identify any potential erosion from flow lines and aerial imagery) 
based on recent lidar. 

c. Any current cleared areas or pits. 

d. Erosion from rehabilitated areas. 

e. Exclusion of the 15 m clearing buffer (similar to DCMPs conceptual design). 

6. Catchment size is compared against the DPS area (ha), height (m) and width (m) and the DPS 
gradient (slope %) 
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7. Any gaps are communicated directly to Short Term Mine Planning with control 

amendments signed off by a Drainage/Water Engineer as part of the change 

management process. 

8. Catchment is amended through diversion installation or DPS increase through the Soil 
Movement Plan (refer to Section 4.1) 

All DPSs will be reviewed following installation (once off) and then annually prior to winter to ensure 
correct installation and effective maintenance.  

Alcoa will develop a DPS as-built procedure and associated checklist to allow compliance monitoring 
to occur as per Section 4.4. 

 

Figure 4-4: DPS as-built review 

 

4.2.4 Haul Road as-builts 

Upon completion, drones are flown over haul road areas to check haul road sump outlets (as per 
design) and correct freeboard and capacity.  

4.3 Maintenance and Improvement 

If controls are determined to be inadequate during as-built reviews, independent compliance 
monitoring and inspections, adaptive maintenance and improvement actions will be undertaken, 
which may include:  

Overflow Point - Red Arrows 

Catchment – Pink 

Drainage Protection Slots - Yellow 
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Table 4-1: Assurance and compliance activities 

Activity type Frequency Application Source 

Independent 
Compliance 
monitoring 

Weekly DCMP implementation and as-
builts as per Section 4.2, 
during pre-mining and mining 
operations stage 

FCA23B Approval 
condition 4b 

Monitoring Daily Site-specific weather 
information (preceding 24-
hour rainfall) and forecasting 
(next 24-hour rainfall 
estimate) 

FCA23B Approval 
condition 6b(ii) 

Reporting Weekly Drainage protection slots in 
areas with an average slope 
greater than 16% 

FCA23B Approval 
condition (6b(i) 
 

Reporting Weekly FCA areas included in FCA23B 
onwards. 

FCA23B Approval 
condition 6c 
 

Inspections Weekly Active pits and DPSs DCMP Summary – 
required to support Item 
#3 & 4 

As-built 
review 

Quarterly Active pits DCMP Summary – 
required to MMP 
Conditions 

As-built 
review 

At least annually, prior 
to winter and following 
installation 

Installed DPSs DCMP Summary  

 

5 Water management  

5.1 Groundwater risk assessment framework 

A Groundwater Risk Assessment Framework (GWRAF) was developed by Water Corporation1, with the 
associated decision matrix shown in Table 5-1 and response actions in Table 5-2. The groundwater risk 
profile is identified by overlaying the risk criteria with a particular Notice Area. The highest risk 
category triggered for a Notice Area is utilised and aggravating factors applied with the assessment 
outcome presented in the individual DCMPs. 

Groundwater bore placement is determined by the GWRAF, operational requirements and TWI>9 
dataset. It should be noted that the TWI dataset is based on a large scale topographical assessment to 
provide an indication of areas which could be considered to have a higher likelihood of groundwater. 

 

1 Provided 23 March 2022 
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This large scale assessment has resulted in pixels and resolution errors which show isolated portions 
of TWI>9. 

The shallow regolith dataset utilised in the GWRAF is a 1:500 000 regolith map of Western Australia 
based on published GSWA 1:250 000 and 1:100 000 series geological maps. These maps have been 
simplified for display at 1:500 000 scale to include nine geological units (exposed (areas of outcrop), 
colluvium, alluvium, lacustrine, coastal, tidal, calcrete, sandplain and residual) as well as areas of 
mining activity. This map comes with a grid spacing of 500 metres. Additional drilling for bedrock and 
associated rehabilitation contingencies is undertaken if shallow bedrock or granite outcrops are 
encountered during desktop analysis of the area. An engineered design is developed for all 
embankments as part of the detailed pit or haul road sump design process. 

The original version of the DOLA contours is used to derive the slope dataset, which shows slope prior 
to mining. The methodology to be used to develop the slope layer and associated average slope is as 
follows: 

1. Clip the contours to the active and future mining region. 

2. Run Topo to Raster (available from ArcGIS Pro) with the clipped contours as the input and 

using the default settings (extent of the contours to be used as the processing extent). 

3. Clip the resulting raster to the region of interest using Clip Raster (available from ArcGIS Pro). 

4. Convert the resulting raster to a slope (percent rise) raster using the Slope (available from 

ArcGIS Pro) tool. 
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monitoring data in combination with selected aggravated risk factors (TWI, LAI) is used. This method 
provides qualitative insight into depth to groundwater in areas with no groundwater monitoring. 

In summary, the hierarchy to complete the statistical analysis (Appendix C) is: 

1. Spline method derived from monitoring data, or 

2. Support Vector Machines/Regression (SVM) derived from monitoring data, and 

3. In areas with no nearby groundwater monitoring data, an advanced statistical method using 

recent monitoring data in combination with selected aggravated risk factors will be used. 

The estimated maximum groundwater level is utilised in DCMPs in cross sections, a heat map to show 
the difference between the pit floor and the estimated maximum groundwater level.  
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Figure 5-1: Summary of estimated maximum groundwater level development  
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The ratio of DPS to clearing area is potentially a contributing factor to DPS effectiveness. Further 
studies will be undertaken as per FCA23B Approval Condition 3 to develop a target ratio of DPS volume 
to catchment area based on current DPS design, if relevant. 

Table 7-2: Control Review – DPS ratio 

Pit Clearing area (ha) DPS area (ha) 
Portion of DPS to 
clearing area (%) 

Number of drainage 
failures 

Downes 16 41 4 14% 6 

Kisler 12 47 6 8% 1 

Wittwer 2 (Area 1) 45 2 4% 2 

Wittwer 2 (Areas) 19 4 21% 0 

The use of mid-slope DPSs on the contour are considered to be a contributing factor to minimise 
drainage incidents or failures (surface water discharge from loss of containment of drainage controls). 
Further technical studies are proposed to confirm control effectiveness, in particular upslope and 
downslope surface water field studies and erosion modelling (particularly in slopes greater than 16%) 
(FCA23B Approval Condition 3). 

7.1.2.2 Lessons Learned 

Table 7-2 summarises the measures implemented to address the drainage failures highlighted in this 
document. 

Table 7-3: Key mitigation masures to prevent cases reoccuring 

Cases addressed 

Measure description 
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              Design capacity exceeding design criteria 

              
Strict application of the change management 
process, including drainage engineer signoff 
on drainage aspects 

              Further studies to demonstrate controls 
effectiveness 

              Weekly inspections 

              As-builts reviews 

              Establishment of alternative controls for 
high risk areas 

              Adaptive management & controls 
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Cases addressed 

Measure description 
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              Assurance & compliance checklists 

              Expansion of groundwater monitoring and 
assessment 

              Lessons learned review 

 

Historically DPSs have been designed predominately on the contour. In some instances, they are 
designed along the lower slope clearing perimeter, to intercept the entirety of the DPS catchment. An 
example is the lowest slope DPS in Wittwer 2 – Area 2 (Figure 7-2). Further review of this practise has 
identified that once surface water enters the DPS at the upper slope portion of the DPS, there is 
potential for sub-surface movement downslope through the DPS. This creates potential sub-surface 
pooling at the lowest point in the DPS (the overflow point), which increases the risk of overflow and 
compromises capacity. Review of these past failures and recent field work (interim results presented 
in Appendix B) identified limitations of the previous processes, leading to improved designs which 
have been implemented into the recent DCMPs. 

To mitigate this risk, DPSs are now designed such that they have sufficient capacity for the designed 
rainfall event (Section 2.2.2.1); they are designed to be on contour to avoid concentrated surface 
water flow (Section 2.2.2.1); and, the alternative controls (Section 2.2.3) include consideration of a 
below ground sump at the overflow point of DPSs, particularly when an out-pit overflow (point at 
which flow could occur into the surrounding environment) exists. This alternative control will increase 
capacity at the overflow point and allows inspections and water handling to occur. In addition, DPSs 
will be redesigned to be predominately on the contour to prevent any sub-surface movement 
downslope. 

Figure 7-2 shows that Wittwer 2 – Area 1 has a large extended catchment with minimal in-pit controls 
to manage surface water run-off. In comparison, Wittwer 2 – Area 2 has several trenches on the 
contour and sumps, with no records of drainage failure occurring. 

Significant improvement in control review (detailed designs and as-builts as detailed in Section 4), 
inspections and maintenance are considered to be effective to decrease the potential for control 
failure.  



 
 

  Page 57 

 
Figure 7-2: Control review – Wittwer 2  

 

 
Figure 7-3: Control Review – Downes 16 
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8 Summary of GIS Dataset 

Name  File Name Date provided to MOG 

DOLA Slope >16% Government (DOLA) 
Slope16_GDA2020.shp  

19 July 2024 

Granite outcrops +50m buffer Rock Outcrops 50m 
Buffer_GDA2020 

19 July 2024 

Mapped stream vegetation + 
100m buffer 

MappedStreamVege_GDA2020 19 July 2024 

Shallow regolith + 50m buffer Shallow_regolith_50m_GDA2020 19 July 2024 

TWI>9  Topographic Wetness Index 
(TWI)_GDA2020 

19 July 2024 

Reservoir Protection Zone Reservoir Protection Zones 
(RPZ)_GDA2020 

19 July 2024 
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9 Document Revisions 
The revisions associated with this version of the DCMP Summary are detailed in Table 8-1.  

Table 9-1 Document Revisions 

Revision Section Summary of change 

3 
Figure 1-2 Classified Detailed Designs as a Design stage, instead of Operational Control  

Table 2-4 
Table 3-1 

Inclusion of reference sources for calculations and parameters 

Figure 3-1 Updated to detail the pit face 

Section 2.2.3 
Section 4.1.2 

Updated to reflect that conceptual alternative control locations are included 
in DCMPs and to provide further detail on the design process. 

4 Various Minor working amendments to accurately reflect design and operational 
practises 

Table ES0-1 Corrected error associated with 30% sub-catchment clearing 

Section 2.2 
 

Amended DPS upheaval from 0.5 m to 0.3 m, based on recent as-built 
reviews completed 

Section 2.2.1 Further clarification of woody windrow removal process 

Section 
2.2.2.1 

Inclusion of scenarios whereby a DPS may be design if the risk rating is low, 
to reflect current design practises (Item 6). 
Included design criteria for DPS Infiltration Zones (Item 6). 

Table 2-3 Amended to include further detail when Alternative Controls are required 
and scenarios whereby a DPS may be design if the risk rating is low 

Table 2-4 
Table 3-3 

Update to include further information on parameter justification/reference 

Table 2-5 Inclusion of table detailing Infiltration Zone design criteria 

Section 2.2.3 Further information on when Alternative Controls may be utilised and 
associated design criteria. 

Table 3-1 Re-numbering of parameters 

Figure 3-1 
Figure 3-2 

Revised figure to conceptually present drainage controls 

Section 4.1.2 Further information on overflow point design process. 

Section 5.1 Inclusion of slope dataset methodology. 

Section 5.2 Clarification about groundwater bore location design and when groundwater 
bore readings are classified as ‘Dry’. 
Further information on groundwater rise following clearing. 

Section 5.3 Further information on water handling approach. 

Section 
7.1.2.2 

Appendix B 

DPS Effectiveness Study section included – provision of an interim update on 
DPS effectiveness study. 

Section 7.1.3 Inclusion of previous research on effectiveness of contingency actions (100 
m buffer from stream zone vegetation) 
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Revision Section Summary of change 

Section 8 Inclusion of a summary of GIS data provided associated with all DCMPs (ie 
GWRAF spatial data) 

5 Section 2.2.2 Removed use of infiltration zones. 
Refined DPS design criteria 

Section 3.1.1 Provided further design criteria for controls 

Section 4 Defined drainage incidents 
Further detail on haul road detailed design process included 
Summarised assurance and compliance activities into table format 

Section 7 Further analysis and refinement of control effectiveness provided 

6 Definitions Clarified definition of a significant rainfall event   
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Appendix A – Estimated Maximum Groundwater Level 
Methodology 
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1.1 DEVELOPMENT OF THE INFERRED GROUNDWATER SURFACE  

WSP  Golder  have been engaged by  Alcoa of Australia Ltd (Alcoa) to develop an inferred groundwater table to support the 
development of Drainage Control Management Plan (DCMP) inputs and final DCMPs for Forest Clearing Application (FCA) 
submissions for the Myara, Larego and O’Neil areas  (Figure 1-1).  

As part of the mining approvals commitments, Alcoa are looking for opportunities to de -risk the mine pit  design and approval s 
process. Alcoa are currently challenged by a lack of detailed water table levels to use as input data to inform design  levels for 
the pits, haul roads and sumps associated with mining  and are currently rectifying these gaps with a bore installation program . 

In th e interim , an inferred groundwater surface has been developed based on  available groundwater monitoring data, 
including those representing likely worst -case scenarios,  which can be used to assess the vertical distance between the base of 
pits  and sumps relative to the inferred groundwater table . Depth to groundwater and seasonal fluctuations in groundwater 
level were evaluated  through analysis of existing groundwater monitoring bore data , with interpolation of adopted 
groundwater level s at each available monitoring location using spline methods to develop an  ‘inferred’  groundwater surface  to 
be used for mine design and planning purposes .   The adopted level s at each location do not represent a contemporaneous set 
of groundwater levels, and therefore  the inferred design groundwater surface does not represent a surface that reflects a 
particular point in time or  particular climatic conditions.  

 

1.2 OBJECTIVE  

The following memo is to provide details on  the current workflow followed to creat e an inferred groundwater surface. The 
memo will:  

�Ð List the workflow steps   

�Ð Provide insight into the spline methodology and why it was selected as the preferred  approach  

�Ð Detail d ata inputs and the  methodology  for ‘cleaning’ the data  

�Ð Describe the  groundwater monitoring level selection  process  

�Ð Explain the use of control and other ‘dummy’ points  

�Ð Detail the spline methodology and the output including its limitations, and  

�Ð Provide an outline regarding future sensitivity analysis . 
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Figure 1-1 FCA areas of Myara, Larego and O'Neil  
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Section 2   
Approach   
///////////////////////////////////////////////////////  

 

 

The number  of suitable  groundwater level readings, as well as the spatial and temporal distribution of the measurements , are 
often not  sufficien t  to  reliably represent the spatial variation of the groundwater table across the areas of interest at particular 
points in tim e and/or particular points in seasonal and/or longer -term climatic cycles.   For the Alcoa site  the estimation of the 
depth to groundwater ( DTW) in elevated parts of the site is often difficult  because  monitoring bore  are almost exclusively 
located in valley region s with very little information on depth to water in more elevated parts of the site. Because regional  
groundwater surface s are  usually a subdued  reflection  of the ground surface elevation , correlations between depth to 
groundwater and surface elevation which are derived from monitoring bores that are at lower points in th e topography can 
not be reliably used in more elevated parts of the terrain .  

The spline method was chosen to interpolate between points with groundwater level measurements as it is a longstanding 
groundwater contour interpolation methodology  with  the ability to construct a smooth continuous function regardless of 
available  data. It uses a local polynomial interpolation methodology (and not global) which helps to reduce the number of  
inaccurate results. This means it interpolates between a subsection of data rather than the whole data set,  which  suits the local 
conditions within  Alcoa ’s mining footprint.  

QGIS was chosen to develop the inferred groundwater surface due to the range of add- ons  available and th e multifariousness  
of the contouring  tools. T he specific QGIS tools used during the process are  identified  in italics .  

2.1 OVERVIEW OF WORKFLOW  

The below figure  (Figure 2-1) provides an overview of  the  main steps of  methodology . The detail s of workflow , including 
proposed future steps i.e. sensitivity analysis, are provide from Section 2.2.  

The data used in the spline method is not limited to groundwater monitoring levels. Other data sets  provide insight into the 
nature and behaviour of groundwater. In summary, the hierarchical data sets used to complete the statistical analysis are : 

i. Monitoring data ; supplemented by  

ii. Further control points from observed groundwater level data, geology and creek beds and any known groundwater 
expressions at surface  such as perennial and ephemeral streams, are integrated into the data set.  

iii.  In areas with no nearby groundwater monitoring data, ‘dummy’ points are chosen using lessons learnt from the recent 
advanced statistical method correlation project (or Exploratory Data Analysis (EDA))  with the government ’s aggravated 
risk factors  (Water Corporation, 2022)  combined with hydrogeological  professional judgement.   
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Figure 2-1 Development of inferred groundwater surface  
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Appendix B – DPS Effectiveness Study – Interim Report 
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