
 

RPS Australia West Pty Ltd (ABN 42 107 962 872) rpsgroup.com.au 

 
 
 

LAMB CREEK SURFACE WATER ASSESSMENT 
 

Prepared for Mineral Resources 

31 OCTOBER 2017 

http://www.rpsgroup.com.au/


LAMB CREEK SURFACE WATER ASSESSMENT 
 

EWP72691.001/003  |  a  |  31/10/2017  

  

Prepared by: 

RPS 

27-31 Troode Street 

West Perth, WA 6005  

 

T: +61 8 6315 0378 

F: +61 8 9211 1122 

E: rhod@rpsgroup.com.au 

 

Client Manager:  Rhod Wright 

Report Number: EWP72691.001/003 

Version / Date: a  |  31/10/2017 

Prepared for: 

MINERAL RESOURCES 

1 Sleat Rd 

Applecross 

Western Australia 6153 

 

T: +61 8 9329 3718 

F: +61 8 9329 3601 

E: Matthew.Collier@mineralresources.com.au 

 

Client Contact: Matthew Collier 

  



LAMB CREEK SURFACE WATER ASSESSMENT 
 

EWP72691.001/003  |  a  |  31/10/2017  

Important Note 

Apart from fair dealing for the purposes of private study, research, criticism, or review as permitted under the Copyright 

Act, no part of this report, its attachments or appendices may be reproduced by any process without the written consent 

of RPS Australia West Pty Ltd (“RPS” or “we”). All enquiries should be directed to RPS. 

We have prepared this report for Mineral Resources (“Client”) for the specific purpose for which it is supplied (“Purpose”). 

This report is strictly limited to the Purpose including the facts and matters stated within it and is not to be used, directly 

or indirectly, for any other application, purpose, use or matter.  

In preparing this report RPS has made certain assumptions. We have assumed that all information and documents 

provided to us by the Client or as a result of a specific request or enquiry were complete, accurate and up-to-date. Where 

we have obtained information from a government register or database, we have assumed that the information is 

accurate. Where an assumption has been made, we have not made any independent investigations with respect to the 

matters the subject of that assumption.  As such we would not be aware of any reason if any of the assumptions were 

incorrect. 

This report is presented without the assumption of a duty of care to any other person (“Third Party”) (other than the 

Client). The report may not contain sufficient information for the purposes of a Third Party or for other uses. Without the 

prior written consent of RPS: 

(a) this report may not be relied on by a Third Party; and 

(b) RPS will not be liable to a Third Party for any loss, damage, liability or claim arising out of or incidental to a Third 

Party publishing, using or relying on the facts, content, opinions or subject matter contained in this report. 

If a Third Party uses or relies on the facts, content, opinions or subject matter contained in this report with or without the 

consent of RPS, RPS disclaims all risk from any loss, damage, claim or liability arising directly or indirectly, and incurred 

by any third party, from the use of or reliance on this report. 

In this note, a reference to loss and damage includes past and prospective economic loss, loss of profits, damage to 

property, injury to any person (including death) costs and expenses incurred in taking measures to prevent, mitigate or 

rectify any harm, loss of opportunity, legal costs, compensation, interest and any other direct, indirect, consequential or 

financial or other loss. 
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1. INTRODUCTION 

1.1 Background 

Mineral Resources proposes to develop the Lamb Creek iron ore mining operation just south west of BHP’s 

Yandi iron ore mine.  The mine tenement is about 5.3km x 2.2km.  Ore will be hauled by road-trains via a 

road connecting to the Great Northern Highway, 1.5km south of the Rio Tinto Yandicoogina railway crossing. 

The mining operation will consist of a pit, crusher, waste rock landform (WRL), top soil dumps, workshop and 

accommodation camp, plus the road to Great Northern Highway.  The anticipated mine life is about 20 years. 

The proposed mine layout is shown in Figure 1 and Figure 2. 

Iron ore will be extracted by traditional methods of drill and blast.  Blasted material will be bulldozed out to a 

collection area for recovery by excavator and trucks, for bulk haulage to the crushing plant (crushing and 

screening in a dry mechanical separation operation). No chemical additives or reagents, and thus no tailings 

dam will be required. 

The proposed 17km road will have a gravel sheeted 20m running width (insitu material or if unsuitable, 

material sourced from mine overburden), plus windrows and embankments as required, and stormwater 

drainage structures. The road will be used for ore haulage, goods and services, and light vehicle traffic in 

and out of the site. 

The proposed accommodation village will include up to 300 rooms, with mess and other facilities, powered 

by a diesel generating plant. 

1.2 Scope of Services 

This report is a desktop surface water study to assess the options and requirements for surface water 

management at the various proposed infrastructure areas. The objective is to develop the relevant surface 

water scenarios, and provide preliminary information on hydraulic and engineering parameters associated 

with the surface water management features. 

The report addresses the following: 

 Characterise and describe the existing surface water environment, including climate, location and size of 

catchments, existing drainage conditions and flow directions; 

 Identify key surface water management issues and hydrological risks associated with the proposed 

development, particularly potential impacts from local creek lines affecting the proposed pits and waste 

dumps and other infrastructure locations;  

 Estimation of catchments and associated flood flows at key locations throughout the site; 

 A conceptual surface water management scheme to mitigate potential surface water impacts and the 

management measures to be put in place to minimise erosion / sedimentation, including flood protection 

(location of bunding and diversion drains), surface water management and sedimentation basins; 

 Concept designs for sedimentation basins;  

 Indicative diversion (channel / bund) dimensions in the mining areas, in particular those required to 

100 year flood levels; 

 A summary report to support a mining proposal, including the desktop investigations findings, concept 

designs and figures illustrating the various surface water management measures. 
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2. HYDROLOGY 

2.1 Climate Zones 

WA has three broad climate divisions.  The south-west corner of WA has a Mediterranean climate, with long 

hot summers and wet winters, the arid interior, and the Lamb Creek area is located in the dry tropical 

northern part of the State, receiving summer rainfall. 

2.2 Seasonal Rainfall and Evaporation 

Average annual rainfall in the area is about 320-330mm (328mm at Newman, 322mm at Marrilana and 

352mm at Mulga Downs).  Rainfall is highly variable and annual averages of 37-862mm have been 

recorded, typically between 25% and 250% of the annual averages. 

The majority of rainfall falls December to March, and July to November is typically quite dry. 

At Port Hedland (to the north), the annual pan evaporation in the area is about 3,500mm (varying from 6.5-

13mm/d winter to summer). 

2.3 Intensity-Frequency-Duration (IFD) 

Intensity-Frequency-Duration (IFD) data is required to characterise the storm intensity in the area under 

consideration. This is generally provided by techniques in ARR (Australian Rainfall and Runoff, Institution of 

Engineers, 2016), a national guideline for the estimation of design flood characteristics in Australia, 

published by the Institution of Engineers Australia. 

Information on storms exceeding the 100 year ARI event is not available in ARR, but by extrapolation, 

estimates can be made.  The 1000 year ARI and Probable Maximum Precipitation (PMP) IFDs are about 

1.5x and 3.5-4x the 100 year IFDs respectively, as per Table 1. 

Table 1 Average Recurrence Interval v Rainfall  

Average Recurrence 
Interval 

Rainfall (mm, 1hr 
duration) 

Rainfall (mm, 12hr 
duration) 

Rainfall (mm, 72hr 
duration) 

2 29 64 93 

50 59 170 296 

100 67 199 341 

1000 100 300 500 

PMP 250 750 1300 

2.4 Flood Flows 

The relevant flow catchments impacting the mine are shown on Figure 3.  Peak streamflow discharges from 

ungauged catchments can be estimated using empirical techniques, such as those recommended in ARR.  

However, in preference the RAFTS runoff routing software has been used. 

RAFTS is a nonlinear rainfall / runoff program, using design rainfall data derived from ARR (or actual storm 

events if required). The program calculates flood flows (hydrographs) by simulating rainfall over a catchment 

with time, removing losses to calculate the rainfall excess runoff, and then routing this runoff through the 

model reaches.   
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The relevant estimated 100 year ARI flood flows impacting the mine are shown on Figure 3 and Figure 4. 

Based on local trends for the area, the flood flows (as a proportion of the 100 year ARI flood are: 

Table 2 Typical Flood Flows as Proportion of the Q100 Flood 

ARI (years) Fraction of Q100 flood 

2 0.05 

5 0.20 

10 0.33 

20 0.50 

50 0.77 

100 1.0 

PMF 7.0 
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3. SURFACE WATER MANAGEMENT - GENERAL 

3.1 General 

Regional stream flow in the Pilbara is ephemeral, related to intense rainfall from cyclonic activity or localised 

thunderstorms.  Stream flow decays rapidly once rainfall has ceased, with negligible base flow. 

The approximately 1.4km x 1.8km mine infrastructure area is situated within the Marillana Creek catchment.  

A significant tributary (“North Creek”) of the creek river flows north along the west side of the mining site, with 

an 80km² catchment at the proposed road crossing.  Drainage from the mine area flows into North Creek 

and north for about 7km where it joins the main Marrilana Creek channel.  The river then flows east to Weeli 

Wolli Creek 50km to the east, and then into the Fortescue Marsh. 

The mine area has elevations ranging from about RL700 on the lower side (near North Creek) to RL800m on 

a ridgeline on the east side.  The ridgeline tops out at RL1,064m further east.  From the steeper areas in the 

east, most of the site is RL700-720m, with typical surface slopes of about 1%. 

The tenement is impacted by mainly local, internal drainage, but at the south east corner there is possible 

shallow break out flow across the south west corner of the site from the creek on the southern boundary (this 

can be protected by low bunding along the lease boundary). 

3.2 General Surface Water Management 

General surface water management issues (refer to Figure 5) include: 

 The deposit / pit lies across minor north-west trending internal drainage / sheet flows, with possibly 

breakout flows across the south west corner; 

 The ROM topsoil stockpiles also lie across minor north-west trending drainage / sheet flows.  The flows 

into this area will be impacted once the pit starts to develop (interfering with some of the catchment area); 

 The WRL / WRL topsoil stockpiles will generally drain to the north, to the site boundary.  The WRL will 

block minor drainage arriving from the south (the pit area); 

 The ROM (north-west corner of the site) is partially impacted by flood sheet flows (up to 0.4m deep), 

while the workshop area is fully inundated (up to 0.6m deep) by a large North Creek flood; 

 The camp is 1.5km to the west, separate and located on sloping foothills (5-10%), with a 900m long 

access road; 

 A 17km access road to Great Northern Highway traverses foothills, with cross drainage from the hills. 

3.3 North Creek Impact on Mining Infrastructure 

The North Creek flows along the western side of the mining lease (refer Figure XX).  

 The creek has a catchment of ~80km² at the access road, with an associated 100 year flow estimated as 

237m³/s; 

 The creek channel is shallow with an ill-defined main flow area 60-80m wide, and a bed gradient of 

~0.7%. The creek would be expected to flow about 2m deep in the 100 year flow; 

 North Creek crosses the mine access road.  Culverts are required under the road for a selected design 

flood, depending on the risk associated with floodwaters overtopping the road. 
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4. SURFACE WATER MANAGEMENT - PIT OPTIONS 

4.1 General 

The pit will only be impacted by local flow and potential break outflow from the watercourse to the south of 

the site.  In the developmental stages of the pit, minor bunding will be required to prevent and divert surface 

water around the pit or to allow water to flow into the pit. 

The design 100 year ARI 72 hour rain event in this location is about 341mm.  The 10 year ARI 72 hour event 

is about 191mm, and the 2 Year 72 hour event about 107mm. 

The probability that a 100 year ARI event would occur during a 20 year mine life is about 18%, so there is 

therefore an 82% chance that a 100 year storm would not occur within the mine life. It is likely (87% chance) 

that the 10 year event would occur within the mine life. 

The pit shell will store any surface water inflows, but the impact that the flood water has on mining largely 

depends on the provisions made for flood storage.  Flooded plant and equipment or production loss due to a 

flooded mining face may be critical.   

General mine stormwater management strategies include ascertaining flood storage requirements for every 

stage of pit development, and setting aside areas and prior workings in the lower parts of the pit to ensure 

that sufficient flood storage capacity is available to minimise disruption risk to operations (while leaving some 

upper mine areas available for work in the event of flooding). 

The volume of water that accumulates in the pit and needs to be removed will increase as the pit staging 

unfolds i.e. as the pit footprint gets bigger (and possibly as external surface flows are impacted by surface 

water management measures.  A pit base may have more than one low point at any point in time, where 

water can separately pond. 

4.2 Pit Flood Estimates  

The final pit outline (direct rain catchment) is not known, but is taken as 81ha (refer “Referral of Proposed 

Action”) and the 10 year ARI 72 hour flood volume in the pit would be in the order of 68,000m³.  This volume 

would be removed in 16 days @ 50L/s pump out rate, or 8 days @ 100L/s pump out rate. 

The 100 year 72 hour flood volume would be about 160,000m³.  The pump out times would be about 37 days 

@ 50L/s, and 18 days @ 100L/s. 
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5. SURFACE WATER MANAGEMENT – ROAD  

5.1 Road Parameters 

A good road surface will generally result in lower vehicle and road maintenance costs, and increase safety.  

Most haul roads are gravel sheeted but remain unsealed.  Road maintenance is thus a continual activity. 

Effective drainage of the pavement surface is determined by the cross fall, the longitudinal road grade and 

the nature of the pavement materials used to form the road.  Side drains concentrate runoff from the road 

surface and cut batters, and in general, are necessary on both sides of the formation. 

Excessive flows may initiate scour within the drain or drain outlet.  There is limited scope to alter the slope of 

the table drain (which follows the slope of the road / natural surface), but the flow velocity may be kept within 

an acceptable range through varying the catchment area contributing to the drain (via spacing of turn-outs 

and cross drain outlets).  Armouring of drains may need to be considered. 

Regular turn-outs to lead water from side drains into stable depression areas, to slow flow velocities and 

minimise the potential for erosion of road edges.  Intervals between turn-outs should be shortened as terrain 

steepens, to minimise the contributing catchment area and reduce water velocity.   

5.2 Creek Crossings 

The North Creek crosses the access road near the mine site with an estimated 100 year flood flow of 

237m³/s.  6.7km downstream, this creek crosses the Rio Tinto railway via 9no. x 3m diameter CMPs 

(Corrugated Metal Pipes) (rail crossings are typically designed to the 50 year ARI flood flow). 

The selected road route will otherwise command a total surface water catchment of about 36km².  The single 

largest catchment is about 7-8km², refer Figure 3).   

The drainage structure at the creek crossings is generally determined by the level of immunity from flooding 

that is required;  the time of closure acceptable during flooding.  The structure may be a floodway / floodway 

with culverts, or full flow culverts (or bridge if the terrain or river size warrants).   

5.3 Floodways 

Floodways are generally more economical and have better environmental benefits than culverts (which have 

a greater potential for erosion and scouring), and typically only flow for short periods of time. The floodway 

trafficable surface may range from a natural bed crossing (requiring 4 Wheel Drive) to a paved or sealed 

surface (cement stabilised base course with heavy seal or a concrete surfacing). 

Floodways are commonly used in rural roads with relatively low traffic volume, for economic reasons (where 

it is impractical or uneconomical to construct a bridge or culvert). The objective of floodways is to allow 

floodwater to be conveyed across the road under controlled conditions at designated places, which are 

specifically designed and protected. The trafficable surface should be sound with a hard solid bottom (e.g. 

rock, creek gravels), or on a high speed road, floodways can be paved or sealed.  

Trafficability of floodways depends on the combined effects of inundation depth and flow velocity over the 

road. 

Floodways are particularly suitable in flat or gently undulating terrain, where there is a trapped upstream 

catchment, but where drainage patterns are not well defined (general sheet flow area rather than incised 

water course channels). The floodway / road formation is then laid at or near natural ground surface level. 

Any elevation of the road / floodway causes a weir effect, increases the downstream velocity with the 

possibility of erosion of the downstream road batter and creek bed. Scour protection may therefore be 

required, in the form of rock lining. 
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Floodways should be sited at right angles to the direction of the water flow, and level with the existing stream 

bottom to minimise interference to the natural creek flow, and reduce bank erosion.  Protection of the banks 

may be necessary to prevent destabilisation of the structure.   

5.4 Floodway with Culverts 

Where there are incised creeks and / or where it is necessary to meet vertical road profile geometry in order 

to maintain design vehicle speed, the road may be somewhat elevated across the creek.  A relieving culvert 

can then be placed to reduce the flooding time over the road (i.e. increase the level of immunity from 

flooding).  This culvert allows all upstream water to drain from the road formation, and prevents standing 

water upstream of the floodway, softening of the subgrade and subsequent maintenance problems.  

The invert level of the culvert and the road level should be set so that the culvert will run full before water 

starts to overtop the road.  A series of small culverts can be used to carry greater flow under the road before 

overtopping.  The culvert size is somewhat arbitrary, but as a guide, should be 600mm dia minimum 

(desirable) or 450mm dia (absolute minimum), and preferably carry the peak 2 year ARI flow. 

5.5 Culverts 

High capacity culverts largely remove the issue of overtopping and disruption to service, but are more costly, 

constrict flood flows, and increase velocities and erosion potential.  Culverts should be located in the middle 

of waterways, and conform to the slope of the natural drainage channel.  Entrances and exits should be 

(rock armour) protected from high water velocities and erosion.  

For typical rail crossings and high-volume roads, culverts may be designed for the 50 year ARI event.  In the 

Pilbara, however such design criteria can require significant culvert sizes and costs, and it is probably not 

required or economical for a mine road. Drainage across the Great Northern Highway is typically designed 

as floodways (only, occasionally supplemented by a culvert) and significant disruption to traffic does occur 

during the wet season. 

5.6 Summary 

On the basis that the proposed Lamb Creek access road is accessed from the Great Northern Highway, then 

it is assumed that the mine access road drainage could also be by way of floodways. 
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6. BUNDS AND CHANNELS 

6.1 Typical Surface Water Diversions 

Construction and infrastructure should preferably lie outside 100 year ARI floodplains (in the operational 

period) and preferably outside the PMF (probable maximum flood) floodplains (in the post-closure period), 

and therefore completely avoid the need for diversion works or water erosion protection.   

If this is not possible, surface water diversion is required when there is interruption to surface flow patterns.  

Diversion structures carry flood waters via a flow path different from the natural water course, back into the 

original water course at a point downstream, or another water course (less desirable). 

Diversions consist of earth bunds and excavated channels, built with an appropriate freeboard (e.g. 1m 

minimum when protecting a pit).  They are generally constructed using cut-to-fill (by excavating a channel on 

the upstream side as fill for the bund on the downstream side). 

There are no strict criteria for selecting the level of flood protection.  However, one criterion is for the design 

flood event to have a 20% probability of exceedance in the life of mine (LOM).  For a 20 year LOM, a 90 year 

level of protection is suggested (a 100 year protection level has an 18% chance of being exceeded, and a 50 

year level has a 33% chance of being exceeded).   

Aside from direct flooding issues, general drainage and diversions around the site, that direct runoff to 

sedimentation basins, etc may be designed for a lower level of protection e.g. the 5-10 year flow, when 

temporary capacity exceedance does not matter so much. 

Earth bunds typically consist of a trapezoidal shaped mound and 1V:2.5-3H side batters (slopes).  The 

batters can be flattened for further stability if excess material is available.  The bund crest width should be 

commensurate with the height of the bund and flows. 

Excavated open (trapezoidal) diversion channels typically have 1V:2H side batters (although “precedent” 

batter slopes may vary from 1V:3H for sandy loam or porous clay; to near vertical at 1V:0.25-0.33H in solid 

well bedded, good quality rock in deep cuttings. 

6.2 Bund Materials 

The surficial geology of the area is probably dominated by soils, both transported and weathered in-situ, as 

well as rock outcropping.  The site is crossed by numerous minor drainage channels that have been incised 

to shallow depth into the local topography; 

Flood bunds are generally watertight for stability reasons.  Soil materials should be characterised to ensure 

suitability, but the performance requirements for temporary water storage are not specific, or high.  The 

embankment would typically use the most suitable available material at the site, and be constructed 

homogeneously (i.e. not zoned). 

These construction materials may be sourced from selected mine waste or diversion excavations; some clay 

content is required and materials range from clayey gravels and sands (preferred), through to poorly graded 

sands (least preferred), and preferably contain no rock particles >75mm. 

If clay is less plentiful, a clay core zone can be provided with coarser material on the outside faces.  A cut-off 

trench to lengthen the seepage path and act as a flow barrier may be beneficial (to prevent flow underneath 

into a pit for example), but the required depth of the cut-off may be impractical. 
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6.3 Erosion Protection  

Scour in unprotected soils will typically occur when maximum velocities reach about 1.2-2m/s for clays, up to 

about 1.5m/s for sand, and higher for rocky material.  If the channel soil has good vegetative cover (i.e. is 

only intermittently inundated), the permissible velocity can be increased.  

Generally, it is not considered necessary to rock armour an operational embankment or channel against 

velocities <2m/s for the design flood event (subject to operational experience).  Rock armour can be used to 

protect earthworks against scouring and erosion, and can be applied where problems occur or in the long 

term where permissible velocities may be exceeded. 

6.4 Pit Edge Zones  

Diversion infrastructure around pit areas should be located 10m outside the area designated as a potentially 

unstable rock mass and susceptible to pit wall collapse.  In general this distance varies depending on 

whether pit walls are excavated entirely in unweathered rock, in weathered rock, or in both. 

6.5 Construction  

Earthworks construction requirements typically entail: 

 Excavate to strip depth, scarify the base in preparation for construction of an embankment; 

 Maintain moisture content in the embankment material at optimum (which allows the maximum density to 

be achieved by the compaction equipment in use); 

 Place and compact material in layers as specified (e.g. 95% SMDD (Standard Maximum Dry Density); or 

92% MMDD (Modified Standard Maximum Dry Density); 

 Control batter slopes to line and level. 
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7. EROSION AND RUNOFF 

7.1 General Principles 

The landscape can be subject to heavy rainfall.  The potential for erosion and sedimentation offsite is 

increased significantly on disturbed or degraded lands, following vegetation and topsoil removal, mining 

activities, spoil stockpiling, and general construction activities.  This activity generates coarse and 

suspended sediment that could adversely affect water quality and ecological systems downstream.   

Generally environmental approvals for projects that involve land and hydrological disturbance require 

adherence to surface water protection principles.  The general objective is to maintain surface water 

regimes, so that existing and potential uses, and ecosystem maintenance, are protected. 

7.2 Potential Surface Water Impacts 

General potential surface water impacts include the interruption to existing surface water flow patterns, with 

the possible reduction of surface water runoff volume or water quality in the environment downstream 

(vegetation and fauna communities dependent on good quality water), and particularly relating to sediment 

laden run-off from waste dumps and stockpiles. 

In addition, the storage and spillage of chemicals and hydrocarbons can also adversely impact water quality 

downstream.  The random pooling of water around the site, and growth of invasive vegetation in low-lying 

areas should also be eliminated. 

7.3 Management Actions 

Surface water management requires consideration of each sub-catchment / drainage area, with the 

application of engineering surface water controls to prevent sediment (and other contaminants) from entering 

natural flow paths.  These measures include diversions, erosion and sedimentation controls (i.e. sediment 

basins) and possibly dispersion mechanisms. 

Management actions to mitigate the impacts of surface water flooding include: 

 Avoid interference with drainage systems; 

 Flood modelling to guide the location of developments and required flood protection measures (rock 

armour or revegetate development sites, waste dumps, etc to protect from erosion); 

 Obtain "Permit to Interfere with Bed and Banks" as required, where interfering with water courses; 

 Investigate required diversions of upstream flows around structures, into adjacent / d/s water courses;  

 Permanent stream diversions can match the characteristics of the original natural stream; 

 Construction near natural flow paths in the dry season only; 

 Bund-off disturbed areas, waste dumps, stockpiles to contain surface runoff and direct it to sediment traps 

prior to discharge to the external environment; 

 Fit outflow baffles to capture potentially polluted runoff (e.g. oil and grease); 

 Keep vehicle movements to designated tracks; 

 Maintain watercourses, install culverts, to prevent disruption of major flow paths; 

 Minimise and properly manage on site solid waste disposal; 

 Treat and dispose of all domestic wastewater / WWTP effluent appropriately; 

 Store hazardous substances in properly bunded sites with appropriate emergency response procedures. 
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8. CONCEPT DESIGNS FOR SEDIMENTATION 

BASINS 

8.1 General 

Sediment basins are located at low points (Figure 5) and constructed by forming earth bunds. Specific 

consideration can be given to water quality of the basin discharge (an ‘outcome based’ criterion is indicated 

in Figure 6, for example), but for practical purposes, typically only the target particle size and design inflow 

are used for sizing.  

A basin typically consists of: 

 Dam-like structures located downstream as indicated in Figure 5, consisting of embankments across an 

existing water course (refer Figure 7 and 8); 

 Or a smaller more localised rectangular “turkeys nest” type of structure (refer Figure 9), for specific 

facilities and targeting the collection of dirty water runoff only. 

 A permanent pool settling zone above, and a sediment storage zone below, each with a minimum depth 

typically of 0.6m (overall 1.2m). 

 The inlet and overflow points located at opposite ends of the basin, with a minimum aspect ratio of 3:1 

(length: width) recommended; 

 A normally dry basin (refer Figure 7) with a ‘control’ outlet to allow the basin to continuously drain 

(preferred); or a wet basin (refer Figure 8) without a ‘control’ outlet, hence the basin is normally full; 

 The capacity of the emergency spillway depends on the required life of the basin, but for a longer term 

basin is typically the 100 year ARI capacity; 

 Where practical, the spillway should be excavated through natural ground (bypassing the main dam 

structure, Figure 7 and Figure 8), reducing scour protection requirements). 

8.2 Sizing of Sedimentation Basins  

Mine sites consist of large areas of disturbed cleared areas. Water quality capture and treatment devices are 

not expected to treat all surface run-off, but rather focus on smaller more frequent run-off events.   

The surface area of the top water level in the basin is designed to match the settling velocity of the target 

particle size with the rate of flow (based on the duration and ARI of the storm considered). The target particle 

size can be based on the particular sediment characteristics of the site as measured, but is typically silt size 

(2 - 60um) – larger particles are assumed to be captured in the pond, while smaller particles mostly stay in 

suspension and exit the pond with the flow. 

The design pond surface area increases rapidly as the target particle size become smaller.  Fine silt requires 

45,000m² top surface water area per m³/s of design inflow to settle out all of the target particles; a medium 

silt target 4,101m² per m³/s, and a coarse silt target 450m² per m³/s.   

It is proposed to adopt 100% removal of 50um particles (coarse silt), equivalent to 635m² water surface area 

per m³/s of inflow. 

The resulting pond size needs to remain manageable. Various design flows (from 0.25-20 year ARI flows) 

have been variously used in conjunction with the target particle size.  However the peak flow resulting from a 

(significant) 5 year ARI rain event is suggested. 
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9. MAINTENANCE OF WATER MANAGEMENT 

STRUCTURES 

9.1 General Principles 

Effective erosion, sedimentation, fuel and chemical storage handling activities, and water quality control 

minimises adverse water quality and sedimentation impacts on downstream waterways and adjacent 

environs.  Soil and water issues need to be identified, planned, managed and monitored during the mine life 

to minimise these adverse impacts.  

The commitment is to carry out activities in a manner that conforms to relevant regulatory and legislative 

requirements, by ensuring that controls are properly implemented, are regularly monitored and are audited to 

assess their effectiveness.  Changes to the stipulated controls are instigated if they are not achieving their 

purposes. 

The objective is to ensure integration of all erosion, sedimentation and water quality measures (including 

groundwater and site wastewater) as follows: 

 Application of best management practices and innovation; 

 Work areas / exposed surfaces minimised to the minimum area necessary for safe working operations; 

 Prevent degradation of the surrounding environment; 

 Minimise erosion and impact of upstream activities on sediment deposited and offsite water quality; 

 Water discharged from site to comply with discharge limits. 

9.2 Environmental Controls and Mitigation Measures 

The implementation of various environmental control measures during construction and mining operations 

can reduce the environmental risk.   

Attention is required to specific work procedures and environmental control measures for activities which 

require more detailed or particular attention, such as clearing and grubbing, topsoil stripping and stockpiling, 

disturbance and excavation, waterway crossings, chemical storage and use; refuelling operations, water 

monitoring methods, etc.  

9.3 Inspection, Auditing & Monitoring 

Site inspections or informal visual checks need to take place regularly to ensure appropriate mitigation 

measures and controls are implemented, and that they are operational and effective. 

Such site inspections can include event based inspections prior to predicted rainfall events, following 

significant rain events, and prior to extended site mine shutdowns. 

The outcomes of inspections, monitoring, and audits facilitate the identification of problems and recurring 

issues or areas for improvement.  
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10. SURFACE WATER MONITORING 

10.1 Framework 

An environmental plan / policy provides the management goals and framework for a Surface Water 

Management Plan (SWMP), and the required human, physical and financial resources required for its 

implementation. 

The SWMP can cover the roles and responsibilities (under an Environmental Manager), induction and 

training, inspection and incident reporting, and general environmental management actions required (e.g. 

review and update of environmental management plans, contingency actions).  It can also include a range of 

other subjects such as legal requirements, significant environmental aspects, document control, stakeholder 

communications, audits, management review, and a process for continual improvement.   

The SWMP is updated as required, including the addition of any new procedures arising from the 

environmental inspections and incident reporting undertaken.  These are issued and communicated to 

relevant construction or operations personnel. 

10.2 Monitoring and Reporting 

A range of indicators can be used to monitor the success of the management of impacts on the surface 

water regime.  A full chemical analysis is required for selected sites, but two key indicators include: 

 Turbidity, resulting from the loss of vegetation and erosion of earthworks; 

 Hydrocarbons (mainly diesel fuel) from spillages. 

Surface water is only likely at sites during the summer (wet) season and sampling can occur while surface 

water is present.  Monthly sampling should occur on the same day each calendar month.  The monitoring, 

targets and contingency actions and reporting program will generally include: 

 Detailed procedures to implement the monitoring program and contingency actions, using a checklist and 

standardised reporting approach; 

 Water sampling procedures in accordance with Australian Standards; 

 Records maintained of water quality sampling results, including comment on the results; 

 A database of meteorological data, water course flow data and records of water levels; 

 Personnel on site inducted regarding water quality management on-site; 

 Key stakeholders identified and consulted routinely; 

 If negative impacts are detected, a report identifying contingency actions and timing to be undertaken; if 

trigger values are exceeded, an environmental incident report, and investigation held into potential 

environmental harm.  Remediation strategies implemented as required (e.g. remedying the contaminant 

source, on-site interception, recirculation of water, further erosion and sedimentation measures, etc); 

 Monitoring results included in an annual environmental report, identifying opportunities for improvement; 

 Regulators consulted on on-going monitoring, management and contingency actions; 

 Regular site inspections to check for evidence of potentially polluting activities (seepages, erosion, etc); 

 Management systems to record environmental incidents, track and manage corrective actions resulting 

from incidents or community complaints; and record audit outcomes; 

 Internal auditing and compliance carried out and the monitoring and auditing plan internally reviewed, at 

least annually.  



LAMB CREEK SURFACE WATER ASSESSMENT 
 

EWP72691.001/003  |  a  |  31/10/2017  

11. GENERAL GUIDELINES POST-CLOSURE 

11.1 Post Closure Design Criteria 

The objective of the Mine Closure guidelines is to ensure an effective planning process is in place throughout 

the life of mine, so closure is achieved in an environmentally sustainable manner and without unacceptable 

liability to the State (refer “Guidelines for Preparing Mine Closure Plans”, Department of Mines and 

Petroleum, and Environmental Protection Agency). 

General mine closure principles include: 

 Surface and groundwater hydrological patterns / flows not adversely affected; 

 Surface and groundwater levels, and water quality reflect original levels and water chemistry; 

 No long term reduction in the availability of water to meet local environmental values i.e. a desire that 

base-flows be maintained. 

11.2 Land Disturbance and Rehabilitation 

Mining is a temporary land use, and therefore rehabilitation objectives should be consistent with the 

projected future land use.  Post-mining landforms consist of unconsolidated materials, dispersive, and 

erodible materials, combined with steep and / or long slopes, which give rise to high erosion risks, and in turn 

reduction in water quality downstream.  Rehabilitation strategies must be integrated with mine development 

planning and operations and designed to be maintenance free over the long term, to minimise the 

environmental impacts of the project and maximise rehabilitation success. 

The objective is to rehabilitate disturbed areas to safe and stable landforms, containing endemic plant 

communities that approximate those that existed prior to the disturbance.  These areas should be free 

draining, non-polluting and visually compatible with the surrounding landscape, suitable for alternative land 

use (such as pastoralism and heritage conservation).  In particular, surface water management on 

reconstructed landforms is required to avoid erosion gullying, tilling, loss of surface material and factors 

affecting surface stability and revegetation. 

11.3 Decommissioning 

On completion of mining, decommissioning involves minimising sterilisation of ore reserves, rehandling of 

waste materials, and visual impact considerations / blending with natural landforms.  It includes the removal 

of the remaining infrastructure and rehabilitation of areas disturbed by the mine operations, including tanks, 

wastes, contaminated soil, compacted surfaces e.g. old roadways, site compounds, etc. 

11.4 Waste Rock Landforms (WRL) 

Waste dumps are usually the landforms most prone to erosion post mining.  Geomorphic principles should 

be applied to the design of stable landforms for the long term.  These principles dictate drainage density and 

size of catchments, and slope angles – the incorporation of slope features that emulate natural slopes, that 

are in equilibrium with local conditions, rainfall, soil type, and vegetation cover.  

DMP guidelines propose that the top of the landform profile should preferably be water retaining in arid 

regions (i.e. the top surface, berms and batters be constructed to hold the maximum expected rainfall event, 

provided this does not cause ground instability, or contaminated leachate and groundwater seepage).  This 

reduces water flow and erosion down the final landform slopes.  The slopes should have a maximum slope 

of 15-20°, with contour ripping to assist with water infiltration, application of topsoil and natural vegetation 

regeneration.   
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Rock armour can also be applied as an armour substrate to the rehabilitated slopes, and used to increase 

the maximum permissible runoff velocities for the exposed soil; with topsoil applied and incorporated into the 

armouring layer.  

11.5 Assessment of Runoff Loss to the Downstream Environment 

The Lamb Creek development lies within the Marillana Creek catchment.  There will be an effective reduction 

or loss in catchment area from the mining infrastructure footprints. 

Runoff volumes from infrastructure areas such as roofs, hardstands and access roads may increase from 

concentration and redirection of flows, but are considered to remain effectively unchanged (neutral).  The 

runoff volume containing pits and waste dump areas is likely to decrease, due to the catchments blocked or 

trapped by these works.   

Only the pit and waste dumps areas have been considered to contribute to the non-recovered runoff volume.  

On this basis, non-recovered runoff volume losses have been assumed as follows: 

 100% loss of runoff volume from the pit area (0.8km²); 

 50% loss of runoff volume from WRLs (0.3km², or 50% x 0.6km²). 

 50% loss of runoff volume from topsoil stockpiles (0.25km², or 50% x 0.5km²). 

As such the pit and waste dump areas represent an approximately 1.4km² effective reduction in contributing 

catchment area to the Marillana Creek catchment area of 1,369km² (at the Flat Rocks gauging station, 20km 

downstream of the Lamb Creek mine).  The lost Lamb Creek catchment is 0.1% of this catchment. 

Assuming the reduction in catchment area is directly proportional to the reduction in runoff volume, a 0.1% 

potential reduction in runoff volumes would not be environmentally significant, particularly when considering 

the much greater natural seasonal variations in rainfall and catchment runoff.   

The Lamb Creek lost catchment is only 1.8% of local North Creek catchment at the site, again not 

environmentally significant. 

11.6 Monitoring 

Completion criteria are agreed standards to be achieved on particular aspects of the mining operation.  

Progressive assessment against these agreed criteria demonstrates the relative success of rehabilitation in 

achieving desired outcomes, and whether the rehabilitation end point has been reached.  Rehabilitation 

performance criteria include post-closure land use objectives, landform stability, ground water protection, 

and revegetation targets.  Where possible, completion criteria should be developed from actual rehabilitation 

trials and site experience to ensure that rehabilitation methods are effective, durable and achievable.  

Completion criteria should be flexible to adapt to changing circumstances, time based (trend) so 

rehabilitation development can be assessed as to whether it is progressing well towards a defined end point, 

and designed to allow effective reporting and auditing to determine the endpoint and allow sites to be 

relinquished.  
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12. SUMMARY 

The proposed Lamb Creek iron ore mine is located 108km north west of Newman and 275km south of Port 

Hedland in the Pilbara region. The proposed mining life is about 20 years. The surface water management 

plan for the project development is summarised in Figure 5. 

All drainages flow northward into the major creek systems (North Creek and Marillana Creek). Flood 

protection of infrastructure should be provided at about the 50-100 year protection level based on a 20 year 

life-of-mine.  General collector drains to direct rainfall runoff to sedimentation basins may be designed for a 

5-10 year ARI flow event. 

The best method of water management is to locate infrastructure away from significant creeks and avoid the 

need for diversion works where possible.  Otherwise surface water diversion is required when existing 

surface water flow patterns are interrupted. A combination of bunds and excavated channels with an 

appropriate freeboard is required to carry flood waters around infrastructure via a flow path different from the 

natural water course.  Earthworks diversions are generally constructed using cut-to-fill, but can also be all 

cut, or all fill. 

The deposit lies at the western end of a ridge line, and the development of the pit will cut off minor 

catchments only, with the possibility of breakout flow from the creek draining the ridgeline. 

The annual rainfall in the area averages about 300-350mm and direct rainfall collecting at the bottom of the 

pit would average about 55,000-70,000m³ annually (but extremely variable from year to year.  External 

surface water will be generally kept out of the pit.   

Minor catchments that cannot be diverted will be directed to the pit edge and spill inside. 

The Lamb Creek development lies within the Marillana Creek catchment. The combined pit, WRL and topsoil 

footprint areas, and any catchments blocked or trapped, are likely to decrease runoff volume into Marillana 

Creek.  The total effective catchment loss is approximated as 1.4km², equivalent to 0.1% of the Marrilana 

Creek catchment.  This reduction in runoff volumes in a widely variable rainfall regime is environmentally 

insignificant. 

There is a risk of erosion and sedimentation on disturbed and degraded landscapes.  The general objective 

is to maintain the hydrological regimes so that existing and potential users, including ecosystems, are 

protected.  

Erosion mitigation measures are required, with sediment basins to be located at low points to trap and treat 

flow prior to discharge.  The basins will (preferably) be fitted with a control structure to allow stored water to 

slowly continue downstream. Storage areas (chemicals, hydrocarbons, etc) will be located away from, or 

bunded off from, external surface water flows.  

Monitoring during the life of mine will ensure the proposed surface water management measures are 

effective in maintaining the hydrological regimes in the downstream environment. 
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TYPICAL DRY SEDIMENTATION BASIN WITH OUTLET  FIGURE 7 
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