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1.  Background/Introduction  

EY was engaged by the Department of Infrastructure, Transport, Regional Development and 
Communications (the Department ) to undertake a review of the Christmas Island Mine site to Forest 
Rehabilitation program ( the CIMFR Program). The CIMFR Program has been implemented under its 
current methodologies  since 2004 -05 with the aim to restore rainforest on relinquished mine sites 
to create biodiverse, resilient and self -sustaining ecosystems that provide or enhance habitat for 
native flora and fauna, particularly the Vww¥ªªĊ© W¥¥w¯. Funding for the Program is obtained 
through a conservation levy paid by Phosphate Resources Limited (PRL) , which operates on the 
Island, to the Commonweal th of Australia  through the Department . The Department  then provide s 
funding to Parks Australia through a Memorandum of Understanding (MoU) for the execution of 
rehabilitation activities.  

The Report addresses the rehabilitation completed under the  CIMFR Program which focuses on 
mining fields created over the past 30 years by PRL and future relinquishment , in addition to  some 
legacy areas included in the PRL mining lease (~1,973 h ectares). It does not address the significant 
legacy mining areas on Christma s Island created over 90 years of mining by the Commonwealth 
Government through Phosphate Mining Christmas Island (PMCI), the British Phosphate Commission 
(BPC) and prior to that the Christmas Island Phosphate Company (CIPC) that  began operations in 
1899.  There are currently no plans to rehabilitate much of these areas . 

The purpose of this review was to evaluate the effectiveness  of the CIMFR Program in its current 
state, and to provide recommended changes to improve the outcomes of the Program, particularly 
given the limited resources available to it . This report presents the findings of the review  and 
recommended actions relating to the:  

Ʒ Current state of the CIMFR Program in relation to the CIMFR program 2012 ą2020 Plan  
Ʒ Trialled modifications to the original rehabilitation methodology, detailed within the CIMFR 

program 2012 ą2020 Plan  
Ʒ Un-rehabilitated  former mine sites (relinquished by PRL) . 

1.1  Christmas Island mining to rehabilitation process  

The process by which rehabilitation activ ities are completed  on Christmas Island is unique in the 
resources industry.  It involves several distinct stages  and the involvement of multiple parties as  
shown in Figure 1. Unlike mining in most jurisdictions, PRL is not required to undertake 
rehabilitation prior to relinquishing mined areas . Although, PRL is required to provide, at all times, 
500,000 t onnes of non-commercial stockpile material suitable for rehabilitation purposes as 
stipulated in the lease requirement.   

  

Figure 1: Christmas Island rehabilitation process  
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Conservation Levy  

As part of its mining lease PRL  must pay a Conservation Levy quarterly to the Department for the 
purpose of rehabilitati ng cleared areas and other high priority conservation activities on Christmas 
Island as the Commonwealth sees fit. The levy is set at the greater of the following:  

Ʒ 1.8% of the quarterly weighted average price per tonne paid on the total sum of dry tonnages 
shipped for that quarter at a minimum of 87,500 tonnes per quarter  

Ʒ $2.40 pe r tonne paid on the sum of dry tonnages at a minimum of 87,500 tonnes per qu arter .  

This lease condition also stipulate s that the Commonwealth shall provide an annual report to PRL 
describing the activities undertaken with moneys received under the Conservation Levy payments. 
Through the payment of the Conservation Levy, PRL discharge fully its obligatio n to rehabilitate the 
sites it has mined.  

Relinquishment of sites  

In order to relinquish  mining sites, PRL is required to provide an area that is deemed to be  safe and 
trafficable . Relinquishment  approval is obtained from the Government of Western V«©ª¨v¢~vĊ© 
Department  of Mines, Industry Regulation and Safety (DMIRS)  prior to sites being transferred to the 
Commonwealth. The Department is present during the review process and has input into the 
outcome of the assessment.  

Handover of relinquished l and 

Once DMIRS is satisfied that PRL has provided a site that meets the relinquishment criteria, the 
land is relinquished to the Department.  At this point, t he Department  provides Parks Australia with 
a list of relinquished sites  and these sites are added ª¥ ª}z ev¨¡© V«©ª¨v¢~vĊ© ¦¥¨ª{¥¢~¥ ª}vª xv¤ wz 
considered for rehabilitation activities.   

Rehabilitation activities  

Parks Australia determine s the conservation and feasibility rating for each site using the 
methodology outlined in the CIMFR Program 2012 ą 2020 Plan. Rehabilitation fields are selected 
for each Financial Year based on the conservation and feasibility ratings.  Prior to the 
commencement of rehabilitation activities Parks Australia submit s a Schedule of Works to the 
Department which outlines the  planned tree propagation, planting, earthworks, maintenance and 
monitoring activities, and estimated program budget for the Financial Year.  In addition, Parks 
Australia will request permission to enter and rehabilitate the selected sites and, if required,  seek 
permission to apply for clearing permits on the behalf of the Commonwealth.   
 
The Department  provides funding to Parks Australia based on the planned budget in the Schedule 
of Works. Parks Australia then complet e rehabilitation activities including p ropagation of trees, 
earth works and planting on new fields, secondary and infill plantings on existing rehabilitation 
fields, maintenance of sites and monitoring of rehabilitation fields at 0, 1, 3, 5 and 10 years. 
Rehabilitation  activities are detailed further in Section 1.3.  
 
Parks Australia provide s an Annual Report to the Department describing rehabilitation activities 
and monitoring progress for each year of the program. The Annual Reports provide details of the 
¦¨¥|¨v£Ċ© achievements during the year with key sections including:  

Ʒ Introduction and background  
Ʒ New field earthworks and weed removal  
Ʒ Planting and nursery activities  
Ʒ Rehabilitation field maintenance activities  
Ʒ Program staffing  
Ʒ Progress reporting and biophysical monit oring results  
Ʒ Schedule of Works for the following year  
Ʒ Financial expenditure . 
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There is no formal process in place for the relinquishment of land by Parks Australia following 
completion of rehabilitation. It is possible that once rehabilitation of a field  is complete and 
maintenance is no longer required that this land may be incorporated into the Christmas Island 
National Park.  

gz{z¨ ª¥ ivw¢z F {¥¨ v ©«££v¨¯ ¥{ ¨z}vw~¢~ªvª~¥¤ {~z¢y ~¤{¥¨£vª~¥¤ ª}vª }v© wzz¤ ¥wªv~¤zy {¨¥£ ev¨¡© 
V«©ª¨v¢~vA v¤y [~|«¨z G ­}~x} ¦¨¥¬~yz© ª}z ¢¥xvª~¥¤© ¥{ ª}z ¨z}vw~¢~ªvª~¥¤ {~z¢y© ¦¢v¤ªzy w¯ ª}z X^b[g 
¦¨¥|¨v£ ©~¤xz GEEJ v© vª dxª¥wz¨ GEFNC 

Table 1: Rehabilitation field information  

Site summary information  

Site  Year completed  Size (ha) Conducted  

Field 20 South (Old)  2005+  2.8  CIMFR & Predecessor 

Field 20 East 2005+  4.5  CIMFR & Predecessor 

Field 20 Central  2005  0.9 CIMFR 

Field 20 South  2005  5.9 CIMFR 

Field 24 East 2006  0.8  CIMFR 

Field 22 North West  2006  0.7  CIMFR 

Field 22 North  2006  1.9 CIMFR 

Field 23 L  2006  0.4 CIMFR 

Field 22 North East (finger)  2006  0.4 CIMFR 

Field 23 Pit East  2006  0.8  CIMFR 

Field 21 South West 2007+  2.6  CIMFR & Predecessor 

Field 23 Pit  2007  9.9 CIMFR 

Field 23 A 2007+  7.8  CIMFR & Predecessor 

Field 21 South East  2008  0.6 CIMFR 

Field 21 North East  2008  6.2 CIMFR 

Field 21 North West  2008  3.8  CIMFR 

Field 21 Central  2009+  9.5  CIMFR & Predecessor 

Field 24 Triangle  2009  0.5 CIMFR 

Field 24 North  2010+  3.2  CIMFR & Predecessor 

Field 21 Central South  2010+  0.7 CIMFR & Predecessor 

Field 24 Central  2010  0.3  CIMFR 

Field 24 Andy  2010  0.1 CIMFR 

21NE Stockpile 2012  0.8 CIMFR 

Field 23 Upper  2006  3.4  CIMFR 

Field 21 West 2012  2.5  CIMFR 

Field 22 Central East  2013+  5.1  CIMFR & Predecessor 

Field 22 Central West Stockpile  2014  0.8  CIMFR 

Field 22 Central  2013  2.8 CIMFR 

Field 22 West 2014  7.2 CIMFR 

Field 23 North  2015  6.3  CIMFR 

Blowholes 107  2016  1.7  CIMFR 

Blowholes 107 Stockpile  2016  0.4  CIMFR 
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Site summary information  

Site  Year completed  Size (ha) Conducted  

22 North 17 Main 2017  2.3  CIMFR 

22 North 17 West  2017  0.4 CIMFR 

Field 24 North East  2019  1.9  CIMFR 

Field 20 North  2018  2.6 CIMFR 

LB4 South 2010+  6.6 CIMFR 

Field 24 South  2009+  5.8  CIMFR & Predecessor 

Field 21 West Roadside 2011  0.4  CIMFR 

Total  - 115.3  - 

Current budget  
The balance of the Christmas Island Conservation Levy Special Account as at 2 nd December 2019 is 
$3,157,074.22. For most year s of the CIMFR Program the Conservation Levy Collection has 
exceeded the Conservation Levy Payment  resulting in a positive account balance .  

Payments to the Special Account  for the fourth quarter of 2018/19 and the first quarter of  FY20 
have been lower than most of the  payments made during  the previous five years of the Program.  
This was the result of a significant downturn in the market which reduced demand and price for 
rock phosphate in the region . 

 

Figure 2: Fields planted by the CIMFR program since 2005  
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1.2  Biodiversity value of Christmas Island  

Christmas Island provides habitat for  numerous endemic and threatened species, making it an 
internationally significant conservation location. For this reason , KH ¦z¨ xz¤ª ¥{ X}¨~©ª£v© ^©¢v¤yĊ© 
land area (85 square kilometres) is classified as National Park. In addition , the Park includes a 
marine zone extending 50  metres seaward of the low water mark.  

Christmas Island support s 254 endemic taxa and 165 taxa occurring nowhere else in Australia. Of 
these species, three flora species and sixteen terrestrial fauna species are listed as threatened  
(critically endangered, endangered or vulnerable) under the Environment Protection and 
Biodiversity Conservation Act 1999 . 

Key biodiversity  features include nesting habitats for several species of  Indian Ocean seabirds, 
diverse and abundant populations of land crabs , and two Ramsar listed wetlands. Of these species, 
ª}z¨z ~© x¥¤©~yz¨vw¢z {¥x«© ¥¤ Vww¥ªĊ© W¥¥w¯A v X¨~ª~xv¢¢¯ Z¤yv¤|z¨zy w~¨y ­}~x} ¤z©ª© ¥¤¢¯ ¥¤ 
Christmas Island, and the Christmas Island Frigatebird, a Critically E ndangered bird which is one of 
20 priority bird species in the Australian GovernmentĊ© i}¨zatened Species Strategy. 

1.3  CIMFR program det ails 

Summary of CIMFR Program activities  
The CIMFR Program comprises a range of rehabilitation activities  as outlined in the CIMFR Program 
2012 -2020 Plan (The plan identifies broad conservation priorities to be addressed and 
rehabilitation standards for abandoned mine  sites). The primary activity is rehabilitation of new 
fields. These sites generally require earthworks, weeding, planting and follow up activities. All sites 
are maintained until they are classified as self -sufficient. Maintenance activities include weed 
removal, secondary and infill plantings. Biophysical monitoring of sites is completed at 0, 1 , 3, 5 
and 10 years and include s vegetation, fauna and soil assessments. 

The Program Methodologies require a high intensity of labour and resources to complete 
rehabilitation activities which has resulted in relatively small areas of rehabilitation complet ed each 
year.  

Figure 3 displays the area of rehabilitation completed each year  and the corresponding expenditure 
during the CIMFR Program. The rehabilitation area fluctu ates annually based on the available, and 
feasible, relinquished field areas that can be rehabilitated. Included within the rehabilitation area is 
primary rehabilitation, that relates to the rehabilitation of new fields, and secondary rehabilitation, 
that refers to secondary and infill plantings in existing fields. In addition to primary and secondary 
rehabilitation there is ongoing maintenance of rehabilitated fields throughout the year (including 
weed management).  

It is visible from Figure 3  that there is not a strong relationship between total expenditure and the 
area rehabilitated each year. This is due to differences between the fields selected for rehabilitation 
each year in terms of factors such as initial site profile, proximity to available top soil resource, and 
pinnacle height, which will affect the total cost required for rehabilitation activities.   

There is an annual increase of areas requiri ng maintenance as the total area that has been 
relinquished but has not undergone primary rehabilitation activities continues to grow annually  
(Table 2). These maintenance activities are primarily related to weed control. Over time this will 
become a critical factor to management for the CIMFR Program as the area of rehabilitation 
completed continues to grow. When the Program reaches its end the focus of Program activities will 
need to shift completely away from rehabilitation to any maintenance activities that may be 
required to ensure that self -sufficiency of all fields can be achieved.   

 

https://www.environment.gov.au/biodiversity/threatened/publications/factsheet-christmas-island-frigatebird
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Figure 3: Annual rehabilitation completion and expenditure  1 

 
Table 2: Rehabilitation area balance  

Year Starting balance (ha)  Added through 
relinquishment (ha)  

Primary 
rehabilitation 

completed (ha)  

Closing balance (ha) 

2005  119.8  0 14.1  105.7  

2006  119.8  0 5.0  114.8  

2007  119.8  1.1  23.8  97.1  

2008  120.9  3.1  10.6  113.4  

2009  124.0  0 15.8  108.2  

2010  124.0  2.3  10.9  115.4  

2011  126.3  71.2  0.4  197.1  

2012  197.5  0 3.3  194.2  

2013  197.5  0 7.9  189.6  

2014  197.5  89.8  8.0  279.3  

2015  287.3  0 6.3  281  

2016  287.3  25.3  2.2  310.4  

2017  312.6  0 2.7  309.9  

2018  312.6  22.9  2.5 333.0  

 

 

 

 

                                                        
 
1 Data from 2007/08 -2019/20 has been obtained from CIMFR Annual Reports, data for 2005/06 -2006/07 was not 

reported in the CIMFR Annual Reports and has been obtained from the CIMFR rehabilitation GIS data. Financial expenditure 
was not reported on in Annual Reports prior to 2010/11.  
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Site prioritisation  

The selection of fields for rehabilitation is completed by undertaking a site  prioritisation process . 
This process is completed in an effort to optimise the programs  spend to achieve conservation 
outcomes.  

The original  site prioritisation process  used by Park Australia  is described in the CIMFR Program 
2012 -2020 Plan and includes consideration of the crit eria outlined in  Table 3.  

Table 3: Conservation priority and feasibility assessment criteria  

 
The CIMFR Program 2012-2020 plan states that for a site to be considered eligible, it should attain 
all of the following:  

Ʒ A final rating greater than 40  
Ʒ Greater than 20 for Fauna Priority values  
Ʒ Greater than 10 for Vegetation and Landscape Priority values  
Ʒ Greater than 10 for Feasibility.  

The recommended rehabilitation actions for each band of final cut -off values from the priority and 
feasibility assessment as outlined in the CIMFR Program 2012 -2020 Plan are shown in Figure 4.  

 

ev¨¡© V«©ª¨v¢~v ¤¥­ «ª~¢~©~¤| v £¥¨z ¨z{~¤zy v¦¦¨¥vx} ª}v¤ ª}vª yz©x¨~wzy ~¤ ª}z X^b[g e¨¥|¨v£ 
GEFGBGEGE e¢v¤C V \^h ~¤yz® £¥yz¢¢~¤| v¦¦¨¥vx} wv©zy ¥¤ ª}z £zª}¥y¥¢¥|¯ yzªz¨£~¤zy w¯ lv¢¡z¨ 
=GEFG> ~© ¤¥­ «©zy ª¥ yzªz¨£~¤z ©~ªz ¦¨~¥¨~ª~©vª~¥¤ v¤y ~© yz©~|¤zy ª¥ £v®~£~©z x¥¤©z¨¬vª~¥¤ 
¥«ªx¥£z© ­}~¢z ¨zy«x~¤| x¥©ªC i}z £¥yz¢ v¢¢¥­© {¥¨ ¬v¢«z© ª¥ wz ­z~|}ªzy yz¦z¤y~¤| ¥¤ ª}z {¥x«©C 
i}z x«¨¨z¤ª £zª}¥y¥¢¥|¯A v© y¥x«£z¤ªzy ~¤ ª}z YgV[i e¨~¥¨~ª~©vª~¥¤ ¦¨¥xz©© {¥¨ ¨z}vw~¢~ªvª~¥¤ ©~ªz 
©z¢zxª~¥¤ «¤yz¨ ª}z X^b[g e¨¥|¨v£ B GEFNBGEGEA ~© ©«££v¨~©zy ~¤ ivw¢z I v¤y [~|«¨z JC  

Priority  Assessment criteria  Value 
Total priority 

value 

Fauna  Proximity to Vww¥ªªĊ© W¥¥w¯ nesting sites and their density.  30  

45  Potential as red crab habitat and migration pathway usage.  8 

Value and/or potential value as forest bird habitat  7 

Vegetation and 
landscape  

Native plant richness and biodiversity of surrounding rainforest  5 

25  

Edge ratio to intact rainforest - potential for envelopment  5 

Dominance of native species- absence of weeds in surrounds 5 

Contiguous area creation with other fields or national park  5 

Roadside visibility and tourism exposure/benefits  3 

Closeness to RAMSAR sites 2 

Rehabilitation 
Feasibility  

Soil cover existing on minefield  9 

30  Site workability - flatness, absence of pinnacles  10  

Proximity to soil stockpile  11  

Potential Value for Rehabilitation  100  

Figure 4: Final cut -off value recommended actions  
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Table 4: Site prioritisation values, criteria and splits  

 

Value Criteria  Split  Process 

Species values  Vww¥ªªĊ© W¥¥w¯ =zC|C ¦¨¥®~£~ª¯ ª¥ Vww¥ªªĊ© w¥¥w¯ 
nesting sites and their density in that area)  

0.3  

Values are 
summed then 
ranked to 
determine the 
conservation rank  
of each site.  

Species and landscape 
ranks are weighted, 
summed and ranked 
again to determine the 
combined 
conservation/ 
landscape ranking. 
Conservation is 
weighted at 0.6 and 
landscape at 0.4.  

Christmas Island Flying Fox (e.g. proximity to call 
records in that area),  

0.2  

Christmas Island Hawk Owl (e.g. proximity to call 
records in that area)  

0.2  

Red Crabs (e.g. importance for migration utilisation)  0.3  

Landscape 
attributes  

A rating of surface suitability and growth medium 
(e.g. soil, rocky, pinnacles)  

0.7  Values are 
summed then 
ranked to 
determine the 
landscape rank of 
each site. 

A rating of the quality of the surrounding vegetation 
(e.g. good forest vs weed growth)  

0.3  

Ratings for other landscape values (e.g. proximity to 
RAMSAR wetlands or other areas of importance)   

0 

Estimated cost 
of earthworks   

The amount of soil in situ at the site  N/A 

The total cost of preparation and 
transportation is calculated based on the 
criteria then sites are ranked on total cost.  

The presence and extent of soil compaction requiring 
ripping, break -up, turning by excavator  

N/A 

 The presence and extent of pinnacles requiring 
breakdown, 

N/A 

The work involved in transporting soil from 
stockpiles 

N/A 

The extent of contouring required  N/A 

Handling organic matter - weedy vegetation slashing 
or burial or mulching  

N/A 

Track building (chalk crushing, screening, 
transportation, spreading, shaping, rolling, 
compacting)  

N/A 
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Site Prioritisation

First Stage 
Biodiversity Value, 

Site Suitability 
(BVSS) 

Second Stage 
Estimated Costs of 

Earthworks  
(ECE) 

Abbotts Booby 
Value 

(Raster - Split %)

Landscape 
Attributes

CI Flying Fox 
Value 

(Raster - Split %) 

CI Hawk Owl Value 
(Raster - Split %) 

Red Crab migration 
estimated 
numbers 

(Calculated - Split) 

Species Values

Surface 
suitability 

Score (Split%)

Surrounding 
Veg Quality 

Score 
(Split%)

Cost to bring soil in 
from stockpiles if 

required AND 
available 

Costs of internal 
site preparation  

Not enough soil in 
situ/on site: 

Enough soil in situ/ 
on site:

Costs of internal 
site preparation 

Cost- Benefit 
Analysis

 
Figure 5: Site prioritisation process  

1.4  Rehabilitation process summary  

The rehabilitation process completed by Parks Australia for relinquished sites is based on the 
methodologies  outlined in the Christmas Island Mine site Rehabilitation  Plan (2010) by The 
University  of Queensland and the CIMFR Program Plan 2012 -2020 . In summary this process 
includes: 

1.  Conduct earthworks   
Ʒ Removal of weedy vegetation   
Ʒ Levelling of pinnacles 
Ʒ Ripping of underlying surface layer  
Ʒ Transportation of topsoil from nearest stockpile  
Ʒ Paddock dump topsoil to a depth  of 1.5  metre s ą 2 metre s for rainforest, 0.5  metre s 

for low stature forest  
Ʒ Knock tops of f paddock dumps to achieve flat topsoil surface   
Ʒ Construct  access tracks . 

2.  Propagate native forest  plan species 
Ʒ Collection of seeds from forest  
Ʒ Propagation  and maintenance of seedlings (including watering , weeding and 

fertilising) in the nursery  
Ʒ e¢v¤ª~¤| ¥{ ¦¨~£v¨¯ ĉ¦~¥¤zz¨Ċ ©¦zx~z© y«¨~¤| ª}z ­zª ©zv©¥¤ following  completion  of 

earthworks  
Ʒ Auger 
Ʒ Fertiliser  
Ʒ Water crystals  
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Ʒ Plant 
Ʒ Cover 

Ʒ e¢v¤ª~¤| ¥{ ©zx¥¤yv¨¯ ĉ{¥¨z©ª £~®Ċ ©¦zcies two years after primary plantings  

3.  Maintain planted fields  
Ʒ Weed control  
Ʒ Fertilising  
Ʒ Maintaining access tracks  

4.  Monitor  biophysical parameters  of rehabilitated  sites  
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2.  Assessment methodology  

The CMIFR Program assessment comprised a review of documentation, interviews with key 
stakeholder s, and a site visit. Through these three components data on the current performance of 
the CIMFR Program was obtained, which has informed the recommendations in this report.  

Document review  

The Annual Reports submitted to the Department by Parks Australia formed the basis of the 
assessment. Other documentation provided throughout the assessment provided more specific 
details in relation to various aspects on the CIMFR Project such as information on soils, prior ity 
biodiversity species, and topsoil availability. Refer to Appendix B for a full list of documentation 
that was consulted during the assessment. 

Interviews  

Interviews were conducted with key stakeholders to obtain input on aspects of the project that wer e 
most relevant to the stakeholder group. During the course of the assessment interviews were 
completed with:  

Ʒ Department of Infrastructure, Transport, Regional Development and Communications  
Ʒ PRL 
Ʒ Parks Australia . 

Site visit  

A seven-day site visit to Christmas Island was completed as part of the assessment. The Island was 
experiencing severe drought conditions during the site visit  which likely impacted the appearance of  
the success of rehabilitation fields. A range of rehabilitated s ites were inspected during the site visit 
to determine whether they were likely to meet rehabilitation objectives . In addition, we assessed 
the standard of rehabilitation in providing conservation and other values, as well as the likely 
resilience and sustainability  of the rehabilitated sites . The majority of the site visits were  completed 
with Parks Australia and included visits to : 

Ʒ Relinquished sites where no rehabilitation had yet been completed  
Ʒ Current earthworks site s 
Ʒ Completed rehabilitation fields wh ere maintenance is ongoing  
Ʒ Completed rehabilitation fields where maintenance has cease d 
Ʒ The nursery . 

Sites visited were selected to include:  

Ʒ Sites relinquished by PRL (or its predecessors), to evaluate the likely rehabilitation outcomes  
Ʒ Sites ranging in age from 0 to 10 years, and rehabilitated using current methods  
Ʒ Sites varying in performance from poor to very good  
Ʒ Older sites where no or minimal rehabilitation operations were carried out (to assess the 

extent of natural revegetation processes in these sites) 
Ʒ Sites where rehabilitation trials had been conducted  
Ʒ Older sites where maintenance operations (e.g. weed control) have ceased . 

PRL management also made themselves available to the assessment team and accompanied the 
team to examples of the following  during the site visit:  

Ʒ Operational sites  
Ʒ Recently relinquished sites  
Ʒ Sites that are planned to be relinquished in 2020  
Ʒ MINTOPE trial sites 
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Ʒ Old rehabilitation fields  completed by the mining company prior to the CIMFR program . 

Time constraints during the si te visit meant that on -site activities had to be tailored to key sites.  
Review activities included the following:  

Ʒ General walkthrough  and visual assessment which informed our understanding of general 
success of the rehabilitated areas , in relation to key a spects such as: 

Ʒ Vegetation health and growth  
Ʒ Vegetation diversity  
Ʒ Presence of key vegetation function and indicator plant s 
Ʒ Recruitment (second generation and re -colonisation from unmined areas)  
Ʒ Ground coverage and soil stability  
Ʒ Presence of fauna habitat  
Ʒ Presence of fauna (vertebrate and invertebrate)  
Ʒ Presence of threats (w eeds and feral fauna species) 

Ʒ Assessment of revegetation transects which confirmed the accuracy of reported performance 
of specific transects and provided reference sites to perform inde pendent rehabilitation 
performance assessments  

Ʒ Soil samples taken either using a soil auger or tr owel to gather soil samples that we re sent for 
laboratory analysis  

Ʒ Digging test pits that provided an assessment of soil profiles and tree root characteristics . 

Activities undertaken at each site are summarised in Table 5, ticks have been used to indicate the 
sites at which a walkthrough was completed and where  a soil sample was taken, and numbers have 
been utilised to indicate the number of transects inspected and soil test pits dug . Soil sample 
laboratory results are included in Appendix C. Detailed site notes are included in Appendix D.  

Table 5: Summary of site visit activities  

Site summary information  Site visit activities  

Site  
Year 

completed  
Size (ha) Walkthrough  

Transects  (no. 
inspected)  

Soil sample  
(no.) 

Soil test pit  
(no.) 

Field 20 South (Old)  2005+  2.8      

Field 20 East 2005+  4.5  V    

Field 20 Central  2005  0.9     

Field 20 South  2005  5.9     

Field 24 East 2006  0.8      

Field 22 North West  2006  0.7      

Field 22 North  2006  1.9     

Field 23 L  2006  0.4     

Field 22 North East (finger)  2006  0.4     

Field 23 Pit East 2006  0.8      

Field 21 South West 2007+  2.6      

Field 23 Pit  2007  9.9 V  4 2 

Field 23 A 2007+  7.8  V  4 2 

Field 21 South East  2008  0.6     

Field 21 North East  2008  6.2     

Field 21 North West  2008  3.8  V 1 2 1 

Field 21 Central  2009+  9.5  V    

Field 24 Triangle  2009  0.5     
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Site summary information  Site visit activities  

Site  
Year 

completed  
Size (ha) Walkthrough  

Transects  (no. 
inspected)  

Soil sample  
(no.) 

Soil test pit  
(no.) 

Field 24 North  2010+  3.2    7  

Field 21 Central South  2010+  0.7     

Field 24 Central  2010  0.3      

Field 24 Andy  2010  0.1     

21NE Stockpile 2012  0.8     

Field 23 Upper  2006  3.4      

Field 21 West 2012  2.5      

Field 22 Central East  2013+  5.1  V    

Field 22 Central West Stockpile  2014  0.8      

Field 22 Central  2013  2.8     

Field 22 West 2014  7.2 V 3   

Field 23 North  2015  6.3  V 4  2 

Blowholes 107  2016  1.7  V    

Blowholes 107 Stockpile  2016  0.4  V    

22 North 17 Main  2017  2.3      

22 North 17 West  2017  0.4     

Field 24 North East  2019  1.9  V 1 (top)    

Field 20 North  2018  2.6 V 2 3  

LB4 South 2010+  6.6     

Field 24 South  2009+  5.8  V 3   

Field 21 West Roadside 2011  0.4      

Field 17T 2020  - V    
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3.  CIMFR program current state assessment  

3.1  Assessment findings  in relation to the CIMFR Program   

Finding 1  Outcomes of r ehabilitation work undertaken through the CIMFR 
Program provide a good example of mine site  rehabilitation  

The outcomes of rehabilitation  work completed to date through the CIMFR Program ha ve been 
largely successful and are, in general , a good example of mine site rehabilitation .  

The rehabilitation methods used, and outcomes expected, are generally comparable with those 
used at mines which adopt  leading practice rehabilitation standards, including those in areas where 
the native vegetation is tropical rain forest.  From the Field inspection notes , it is apparent that in 
areas where suitable topsoil is available, rehabilitation should meet the gene ral stated objective  
with the proviso that some sites will require maintenance longer than others .  

In sites where rehabilitation has been deemed to be Good, or Very Good in the Annual Reports , key 
vegetation parameters indicate good vegetation density, di versity, cover, growth and health. 
Together, these suggest that sites are developing well and are likely to meet the overall CIMFR 
rehabilitation objectives with little or no further maintenance required.  

 

Figure 6: Rehabilitation works at Field 24 demonstrating excellent initial growth  
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Finding 2  The strategic objectives of the CIMFR Program are not realistic 
given the e¨¥|¨v£Ċ© resource constraints  

The aims and objectives of the CIMFR Program are not fit for purpose based on the existing 
rehabilitation practices and resource constraints.  

i}z ©ªvªzy ¨z}vw~¢~ªvª~¥¤ ¥w zxª~¬z ¥{ ª}z X^b[g e¨¥|¨v£ ~© ª¥ ĉ¨z¬z|zªvªz vwv¤y¥¤zy £~¤z{~z¢y© 
with rainforest tree species, and create biodiverse, resilient, self -sustaining ecosystems that  
provide or enhance habitat for native flora and fauna, especially land crabs, endemic forest birds 
and in the long term, the Vww¥ªªĊ© W¥¥w¯ĊC This objective  emphasises the importance of re -
establishing a diversity of local rain forest tree species, which if successful will enhance both 
floristic diversity and provide habitat for a broad range of native fauna species. The establishment 
¥{ v y~¬z¨©z ¨v¤|z ¥{ }zv¢ª}¯ ª¨zz ©¦zx~z© ©}¥«¢y v¢©¥ z¤}v¤xz v ¨z}vw~¢~ªvªzy ©~ªzĊ© ¨z©~¢~z¤xz ª¥ 
disturbance and  make it  more likely to be self -sustaining (e.g. by including tree species suited to a 
range of successional stages). The emphasis on native flora and fauna, with specific mention of land 
crabs, endemic forest birds, and Vww¥ªªĊ© W¥¥w¯, is only appropriate for are as where it is feasible to 
meet this objective.   

If all sites that require rehabilitation had sufficient topsoil and other resources (including financial), 
this objective would probably be feasible for many sites, as is demonstrated by the rehabilitation 
performance of some of the sites inspected. However, it is apparent  that there will be many areas 
that have been relinquished by PRL that will not meet this objective using existing practices . A 
shortage of topsoil and funds will  significantly limit the num ber of areas that can feasibly meet the 
objective  using the methods described in the CIMFR Project 2012 -2020 Plan.  

In response, Parks Australia introduced a concept of Gold, Silver and Bronze standard of 
rehabilitation in the 2018 CIMFR rehabilitation rep ort. The Silver and Bronze categories are 
designed to use less resources and consequently achieve a lower level of biodiversity value, 
however, there may still be  insufficient resources to rehabilitate all available areas even to Bronze 
standards. 

It is thz¨z{¥¨z v¦¦¨¥¦¨~vªz ª}vª ª}z x«¨¨z¤ª ¥w zxª~¬z ¥¤¢¯ wz vy¥¦ªzy ĉ­}z¨z ¦¨vxª~xvw¢zĊC dª}z¨ 
achievable objectives should be developed where meeting the current objectives is not practicable, 
for example where:  

Ʒ No, or insufficient topsoil is available to even  meet Bronze standards  
Ʒ Older areas where there are high pinnacles  
Ʒ Older areas with dense Sword Fern cover and pinnacles  
Ʒ Older, flatter areas where it is clear from poor plant establishment that conditions are very 

difficult (e.g. low nutrient levels and po or water holding capacity).  

Finding 3  Rehabilitation works completed to date have been expensive 
compared to other mining rehabilitation programs  

Whilst effective in achieving high quality rehabilitation outcomes , the CIMFR ProgramĊ© ongoing 
costs are expensive in comparison to other mining rehabilitation programs on a dollars per hectare 
basis.  

The average cost of rehabilitation per hectare is approximately $ 163,000  per hectare  for 
rehabilitation completed since 20 04/ 05 . The methodologies used to complete rehabilitation works 
are both labour and resource intensive. Although the environment on Christmas Island does require 
additional effort in some aspects of the rehabilitation process compared with that on mainland 
Australia , the cur rent resource intensity  of the  Program is still higher than would be expected . The 
current rehabilitation processes are also  prohibiting the completion of large-scale rehabilitation 
across the Island as they were labour intensive and many of the tasks are time sensitive (e.g. 
dependent on rains) .  
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Finding 4  The rehabilitation plan needs to be informed  by,  and sit within , a 
whole of island post mining closure plan  

The CIMFR Program does not consider the long-term impact of the Program in its site prioritisation 
and rehabilitation process which may restrict the overall impact of the Program. This has resulted 
from the current Program arrangements preventing the ability to undertake and act upon strategic 
prioritisation planning for the whole island whilst a large proportion of the cleared area is still mine 
lease.  Exacerbating this issue, the  program does not have a clear line of sight of when sites will be 
relinquished in order to adequately plan the site rehabilitation sequence.  

We understand that less than 10% of the total land cleared for mining has been relinquished.  
Eventually all minin g land will be relinquished and require rehabilitation (or be repurposed).  Having 
a greater focus on long term planning will  ensure that scarce resources can be optimised both 
across disturbed areas  and across time. At present , the mining activities on the  island support 
either directly or indirectly a large ¦¨¥¦¥¨ª~¥¤ ¥{ ª}z ~©¢v¤yĊ© population . A well-designed closure 
plan will help to direct the rehab ilitation  work by identifying where sites should be rehabilitated for 
conservation purposes and where sit es should be rehabilitated for other land use activities.  The 
post mining closure plan should also include an evaluation of alternative livelihood activities that 
can be undertaken on the island to provide opportunities for ongoing employment.  

Practically , without an island -wide closure plan it is not possible to appropriately budget topsoil and 
financial resources to deliver the maximum biodiversity outcomes across the Island . For example, it 
is apparent that  there will not be sufficient topsoil available  to complete rehabilitation across the 
island. By creating an island wide closure plan topsoil resources will be able to be allocated to high 
priority sites and ensure that a shortfall for such areas does not occur.  

Finding 5  The site prioritisation process is good  although there is the 
potential for some improvements to be made  

The current prioritisation assessment methodology provides a structured means of determining the 
priority for rehabilitation of sites on Christmas Island. The GIS index modelling process is based on 
two criteria:  

Ʒ The biodiversity value of the site , which takes into consideration species and landscape 
attributes  

Ʒ The estimated costs of earthworks . 

Scores are determined for each criterion  and then a cost benefit analysis is completed to determine 
the best ratio of conservation benefit to dollars spent for each site and its potential for 
rehabilitation.  Results from this process are used to identify priority sites for rehabilitation.  

While the index modelling approach is effective, a prob lem arises with summing of the criteria that 
leads to sites with high conservation value, but very low feasibility returning similar scores as sites 
of moderate conservation value and very high feasibility. Using the approach to rank sites, rather 
than an absolute scoring approach, provides Parks Australia with a list of sites that it has access to 
from highest to lowest priority, however it does not consider whether there are other sites on the 
Island that would be higher priority to rehabilitate if the pr ogram had access to the area. This has 
led to limited resources being spent rehabilitating sites that we believe exhibit a lower biodiversity 
priority than some sites that have not yet been relinquished by PRL.  

The current prioritisation process is too co nstrained in its consideration of conservation outcomes. 
The model considers only four species being Vww¥ªªĊ© W¥¥w¯A X}¨~©ª£v© ^©¢v¤y ]v­¡ d­¢A X}¨~©ª£v© 
Island Flying Fox and Red Crabs. While it is acknowledged that there are flow on benefits to other 
species from rehabilitation these are not currently parameterised within the model. The broader 
conservation objective of the program requires criteria within the prioritisation process that is 
indicative of the sites ability to support a greater species dive rsity. If there was to be a more equal 
spread across all species there could be a larger net conservation benefit to the island .  
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In addition, establishing good tree cover on some sites ą but not necessarily to Gold Standard 
rehabilitation ą would still pr ovide habitat for many species, and reduce wind turbulence patterns, 
ª}z¨z{¥¨z ¦¥ªz¤ª~v¢¢¯ ~¤x¨zv©~¤| ¤z©ª~¤| }vw~ªvª {¥¨ Vww¥ªªĊ© W¥¥w¯ w¯ £v¡~¤| ©¥£z vy vxz¤ª {¥¨z©ª 
v¨zv© ©«~ªvw¢z {¥¨ Vww¥ªªĊ© W¥¥w¯ ¤z©ª~¤|C  

In theory the current model includes a ratin g for other landscape values within the landscape 
attributes however this is not currently in use and landscape attributes are comprised only of the 
surface suitability and growth medium, and the quality of the surrounding vegetation. Criteria used 
to dete rmine the landscape attributes do not currently include factors such as the potential of a site 
to fill gaps in National Park and create larger areas of continuous vegetation, the roadside visibility 
of a site and as a result the potential tourism exposure /benefits, and the proximity to RAMSAR 
sites.  

The current process includes a detailed determination of the earthworks cost for each site, 
including the cost of hauling topsoil from the nearest stockpile to the site . The current assessment 
does not consider the size of the disturbed sites in the assessment  which could provide better 
economics of scale and should hence be preferentially rehabilitated instead of multiple smaller 
sites.  

Currently all rehabilitation on Christmas Island is undertaken with the aim of achieving a 
conservation objective as the final land -use. This is proving difficult to achieve due to the shortages 
of available topsoil and other resource constraints. Non-conservation objectives should be 
considered in the context of the post -closure scenario for the island and be focused on providing 
sustainable zx¥¤¥£~x vxª~¬~ª~z© {¥¨ ª}z ^©¢v¤yĊ© ~¤}vw~ªv¤ª©A post the closure of the mining 
operations . 

Finding 6  The relinquishment process does not promote good environmental 
outcomes  

The relinquishment proce ss involves multiple stakeholders and there was a lack of sufficient  
consultation between stakeholders to ensure that the relinquishment process promotes good 
environmental outcomes.  

Sites are often left in a state that, although safe and trafficable, may  not always promote excellent 
rehabilitation, however, it is generally more preferable than a bare lime -stone pinnacle field. This is 
due to Condition 10  ¥{ ª}z £~¤~¤| ¢zv©z ¨z§«~¨z£z¤ª ­}~x} ©ªvªz©O ćCause all holes, pits, trenches 
and other disturbances to the surface of the land subject of this lease made whilst mining and which 
in the opinion of the Commonwealth Executive Officer responsible for the Territories are likely to 
endanger the safety of any person or animal, t o be filled in or otherwise made safe to the 
satisfaction of the Commonwealth Senior Executive Officer Responsible for Territories.  ÿĈC  

Although all parties agreed that communication had improved, greater collaboration between PRL, 
DMIRS, the Department, and Parks Australia could enable PRL to leave sites in a st ate which is 
more conducive to vegetation growth and aligned to the proposed final rehabilitated standard, 
which would then allow Parks Australia to reduce the effort required to prepare sites prior to 
commencing rehabilitation.  

Finding 7  The end of rehabilitation maintenance activities is not defined  

There is not currently  a process whereby the rehabilitation  activities of a site are formally 
completed. Over time a larger area of land will reach the point where maint enance activities are no 
longer required and the re is no defined process for the rehabilitation  of the field to be classed as 
complete and the land transferred accordingly  out of the CIMFR program. There needs to be clearly 
defined criteria for when a site has been successfully rehabilitated  to reduce ongoing maintenance 
costs.  

In the 2018/19 Annual Report Parks Australia documented the maintenance level of each 
¨z}vw~¢~ªvª~¥¤ {~z¢y ¨v¤|~¤| {¨¥£ ć¬~¨ª«v¢¢¯ ¤¥¤zĈ ­}~x} ¨z§«~¨z© v ©~¤|¢z ¬~©~ª z¬z¨¯ ¥¤z ª¥ ª}¨zz 
years, involving a team of two  for a day or  ª­¥A ª¥ ć¬z¨¯ }~|}Ĉ ­}~x} ¨z§«~¨z© ª­¥ ¥¨ £¥¨z ¬~©~ª 
periods each year involving several people for several weeks each time . In addition Parks Australia 
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reported how close each rehabilitation field is to the cessation of regular maintenance activity 
rangi¤| {¨¥£ ć¦¨vxª~xv¢¢¯ {~¤~©}zyĈ ­}~x} ­¥«¢y wz z®¦zxªzy {¥¨ {~z¢y© |¨zvªz¨ ª}v¤ FE ¯zv¨© ¥¢y 
­~ª} ¬~¨ª«v¢¢¯ ¤¥ £v~¤ªz¤v¤xz ¨z§«~¨zyA ª¥ ć¢¥¤| ­v¯ ª¥ |¥Ĉ ­}~x} ­¥«¢y wz z®¦zxªzy {¥¨ {~z¢y© ¢z©© 
than three years old which would be expected to have very high m aintenance requirements.  

The charts presented in the 2018/19 Annual Report provide a good indication of which fields may 
be removed from the maintenance schedule over the coming years.  For the sites visited we agree 
with the determinations made by Parks Australia. There are a number of sites with virtually no 
£v~¤ªz¤v¤xz ¨z§«~¨zy ª}vª }v¬z wzz¤ x¢v©©zy v© ć¦¨vxª~xv¢¢¯ {~¤~©}zyĈ ~¤x¢«y~¤| GH e~ª Zv©ªA GF 
South East, 22 North East, 20 South, 20 East, 20 Central, 24 Triangle, 24 East, 24 South, 24 
Andy, 22 N orth West, 23L, 21 Central South, 21 South West and 21 Central.  

Figure 7O hxvªªz¨¦¢¥ª ©}¥­~¤| ª}z ¨z¢vª~¥¤©}~¦ wzª­zz¤ ĉ}¥­ x¢¥©z zvx} {~z¢y ~© ª¥ xz©©vª~¥¤ ¥{ ¨z|«¢v¨ £v~¤ªz¤v¤xz 
vxª~¬~ª~z©Ċ v¤y ĉ£v~¤ªz¤v¤xz ¢z¬z¢Ċ |~¬z¤ ª¥ ª}vª field  as provided in the 2018/19 Annual Report  

Finding 8  Significant program knowledge resides within CIMFR Program team 
members  

The overall effectiveness of the current program largely results from significant volumes of 
corporate knowledge on the CIMFR Program within current team member s.  

Over the 15 years of  the CIMFR Program the team has obtained significant experience working on 
the Program and has developed an in-depth understanding of the challenges to rehabilitation that 
are presented on Christmas Island . The team has become skilled in generat ing solutions for this 
unique environment, which differ significantly from those presented to most other mine sites .  
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Finding 9  Trials are not consistently designed, implemented or recorded to 
provide sufficient insights to inc orporate into learnings into the 
rehabilitation process  

Continuous improvement is an important component of leading practice mine rehabilitation. In this 
regard, many trials have been conducted during the time the CIFMR program has been 
implemented, and al so prior to this. These have provided some information useful in the fine -tuning 
of rehabilitation operations, and the improvement of rehabilitation outcomes. However, most of the 
trials inspected in the field had limitations that reduced their value for a  number of reasons. These 
included design limitations, limitations in scale, and in the systematic recording, interpretation and 
implementation of findings into the overall rehabilitation program. Examples included:  

Ʒ The Jindalee trial  conducted by PRL. The report for this trial was provided, but there did not 
appear to be a map showing treatments, so it was not possible to re -assess the ongoing 
effectiveness of treatments. This trial provided some useful outcomes, such as the potential 
value of mulch in con trolling weeds, providing some nutrients and water retention.  The trial 
also included direct seeding.  However, several limitations were noted during the report review 
and site inspection. Treatment areas (fertiliser, mulch, others) were small and this woul d limit 
the assessment of in -pit variability, and therefore the applicability of findings to operational 
scale rehabilitation. No pre -treatment soil properties appear to have been measured, so it is 
possible that vegetation response may not have been due t o treatments.  

Ʒ To date, direct seeding trials conducted  by both PRL and Parks Australia  have generally been 
small and limited to selected species. Whilst they have provided useful information for some 
species, it is not possible to determine from these tria ls whether direct seeding might be 
practical and economically feasible on an operational scale.  

Ʒ A MINTOPE trial conducted through a partnership between Murdoch University, CIP and the 
Commonwealth. that included Leucaena and Jamaican Cherry was noted in Fi eld 17 ą whilst 
Jamaican Cherry appears to have some role in early rehabilitation establishment, both are 
introduced species and it is not clear why there would be value in including them in a trial.  

Other trials reported but not inspected include several that have provided some useful information, 
for example:  

Ʒ The fertiliser trial conducted by Parks Australia described in the 20 16/ 17 CIMFR Annual 
Report investigated the effects of a number of fertiliser treatments on six different tree 
species. The experimental design for this trial (a statistically valid, randomised block design) 
was developed in consultation with CSIRO. It provided useful information in responses to 
specific fertilisers available. However, the trial was conducted on a limited scale (i.e. individual 
plants, and not over an area of typical rehabilitation), there was no pre -trial assessment, and 
the trial did not quantify the effects of particular nutrients.  

Ʒ A Sword Fern herbicide trial conducted by Parks Australia was described in the 20 17/ 18 
CIMFR report and appears to have provided very useful information on the most effective 
methods of controlling this problem species.  

Some other trials appear to be largely anecdotal and of limited value.  

Finding 10  Reporting of rehabilitation methods and monitoring is adequate  

Reporting of the rehabilitation methods and monitoring, as included in the CIMFR Annual Reports, is 
adequate although the processes used by Parks Australia to collect and store data do  not allow  for  
easy access to site specific data.  

Details of rehabilitation operations carried out each year are provided in the annual CIMF R reports. 
For the particular sites monitored, these include information on earthworks procedures, topsoil 
sources and spreading procedures, and plant species and densities. These are relatively 
comprehensive, although it is important to note that the documentation and reporting of 
rehabilitation methods has improved significantly over the course of the CIMFR Program. The level 
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of detai l documented historically was not as useful as it currently is for the interpretation of 
monitoring data, although it has always provided a level of relevant information.  

However, there was little evidence to suggest that monitoring results were contribut ing to learnings 
and practices subsequently being incorporated into operational processes.  There was also no 
evidence of feedback from the Department to Parks Australia on the adequacy or usefulness of the 
CIMFR Annual Reports. 

3.2  Assessment findings in relat ion to the operational aspects of 
the CIMFR Program   

Finding 11  Earthworks practices are inefficient  

The method by which earthworks are completed for rehabilitation areas is resource intensive when 
compared to practices that are observed elsewhere in the resources i ndustry.  

Parks Australia is the entity that is responsible for completing the earthworks required to establish 
a suitable site for revegetation activities to occur.  In order to complete this, Parks Australia hire s 
mining equipment from PRL  and occasionally other contractors . It is estimated that costs for the 
hire of equipment are at least 20% higher than the costs that would be experienced if PRL were to 
complete the activities themselves.  Additional efficiencies are lost due to the remobi lisation of 
equipment and the double handling of topsoil stockpiles in some instances.  

Parks Australia personnel communicated a significant concern of undertaking the earthworks was 
to prevent compaction of the topsoil.  As a result, the process that is uti lised restricts the use of 
heavy equipment from trafficking over the topsoil wherever possible.  To achieve this, topsoil is 
paddock dumped before the topsoil is spread using excavators from tracks to prevent any potential 
compaction caused by tracking acro ss the surface. As the dumping face migrates, the excavator is 
walked back on the un-topsoiled field so that it is never operating from  atop the topsoil.  

General industry practice for spreading topsoil is to use dozers to spread paddock dumped topsoil.  
Any compaction that may occur is alleviated by ripping behind the dozer.  The incorporation of a 
dozer into the topsoil spreading  process would benefit the rehabilitation process by:  

Ʒ Reducing time, effort and subsequently the cost of preparing the fields for plants 
Ʒ Reducing the amount of access tracks required within each field  
Ʒ The surface ripping that follows the dozer push controls overland flows (when ripping is 

conducted along the contour), thereby reducing erosion and providing a ready -made channel 
for p lanting, increasing efficiency  

Ʒ The angled bank of the rip line provides an ideal burrow location for the red and robber crabs, 
as observed during the site visit.  

Due to the high clay content of the soil, care should be taken to schedule these activities wh en the 
©¥~¢ ~© y¨¯ ª¥ ¦¨z¬z¤ª v¤¯ ĉ©£zv¨~¤|Ċ ¥{ ª}z ©¥~¢ ©«¨{vxz ­}~x} ­~¢¢ ¨z©«¢ª ~¤ ¢¥xv¢~©zy x¥£¦vxª~¥¤ v¤y 
hardsetting.  We believe that if PRL were to complete the spread of topsoil with a dozer, with 
auxiliary equipment sufficient to transport enough topsoil to match the dozers productivity, that a 
production rate of about 0.5ha/day could be achieved.  
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Figure 8: Topsoil placement at Field 17T  

Finding 12  Current earthworks practices do not facilitate  water harvesting and 
erosion contro l 

Project staff advise that runoff from newly -rehabilitated areas is rare, requiring in the order of 80 
mm of rainfall for runoff to occur.  Nonetheless, some visual evidence of runoff and localised 
erosion was observed in rehabilitated areas.  As well, in wetter years , or when cyclonic rains are 
received, it could be expected that more frequent and  higher intensit y rainfall events  would 
generate significant runoff, off -site movement of surface litter, and erosion.  

We noted that surface ripping was not always undertaken throughout the rehabilitated fields  (see 
also Figure 8). In some cases, where surface ripping was completed, it was not  undertaken along 
the contour.  As a result, there were examples observed where ripping activities had exacerbated 
erosion rather  than preventing it as intended.   

General industry practice is to apply  surface ripping to form surface furrows along the contour , 
thereby increasing depression storage and potentially greatly reducing runoff  and capturing 
surface litter which can subseque ntly lead to localised improvements in soil quality . Industry 
standard ripping practices are: 

Ʒ Accurately along the contour  
Ʒ To a minimum of 300 mm depth to ensure any compaction caused by the passage of the 

equipment is eliminated.  

Finding 13  Planting practices  are appropriate yet resource intensive  

Establishing trees by planting seedlings produced in the nursery appears to achieve successful 
results, with good healthy trees present in rehabilitated sites inspected. The actual planting 
techniques are labour intensive and therefore expensive, but comparable to those used in similar 
rain forest ecosystems.  

The nursery produces advanced, healthy seedlings which grow quickly and establish good tree 
cover in 5 -10 years, reducing weed competition. Most rain forest tree seed lings have low tolerance 
to dry periods, and the use of water absorbent  crystals helps protect them from desiccation. 
Watering is also expensive, but necessary in limited  circumstances.   

Planting densities employed are relatively high, for example 1.1  metre  spacing was used at Field 24 
North East. The purpose of this is to rapidly establish cover and compete with weeds. In 2012 a 
plant  spacing trial  was completed on Field 21 West B which utilised 2 metre spacing and 2.5 metre 
spacing to assess relative rates of growth, canopy development and weed load. At the time the 
standard spacing was 2 metres. The results of this trial were not included within any later Annual 
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Reports. There do not appear to have been any additional and well documented planting density 
trials done, to verify the effects of tree spacing on health, growth and the extent of weed 
competition.  

On many mines, seeding is used as a cost-effective  means of establishing a good diversity of native 
plant species. Seeding has been trialled in CIMFR rehabilitation at Fields 23 North and 20 North , as 
described in the 2017/18 CIMFR Annual Report. These show that key species can be established by 
seed, but the adoption of seeding is cu rrently hampered by:  

Ʒ Limited storage capacity, and the fact that seed fall occurs at different times of year for 
different species resulting in limited availability of sufficient and suitable seed species during 
the planting season  

Ʒ Limited experience in br oadscale seeding and ground scarifying techniques  
Ʒ Uncertainty regarding the best time to conduct seeding operations  
Ʒ Other technical challenges described in Section 3.9 of the 2017/18 CIMFR Annual Report . 

In addition, Park Australia Ċ© trials of 41 species d etermined that 11 species have fleshy seed and 
must be in a position to germinate within days of dropping or the seed dies; and they cannot be 
stored for any length of time. A further 12 species cannot be stored for more than 6 months; 5 
species for up to 12 months; and 13 for up to 18 months.  Of these species Parks Australia have 
identified a few reliable species appropriate for broad scale seeding which have been used 
effectively in several locations.  

This technique is therefore not yet considered to be suitable for broadscale establishment of 
rehabilitation.  At this stage, it is considered that seeding is only suitable for establishment of some 
plants in specific areas, e.g. areas between pinnacles.  

The importance of burying seed is noted in the 2017/18 CIMFR Annual Report, and if seeding is 
used in such areas, it is important that it is applied to freshly applied topsoil if possible, and slightly 
buried, i.e. by surface scarifying. Another important aspect to be considered is weed competition, 
with plant s established by seed much smaller than those established as advanced planted seedlings, 
and therefore more vulnerable to the intense weed competition that commonly occurs. Other mines 
have found this to be a significant problem and concluded that seeding is only practicable in areas 
where there is little or no weed competition. Anecdotal evidence from Parks Australia confirmed 
this is the case on Christmas Island also with the benefits of seeding thought to be offset by the 
additional weed control efforts that are required.  

In many mines, species also establish through seed in topsoil and natural recruitment. At Christmas 
Island, most topsoil has been stockpiled for many years and contains little viable seed, so 
recruitment from this source generally contri butes little to plant species diversity . Some natural 
recruitment includes seed that colonises rehabilitation from adjacent forest, and this can be 
observed in sites where edges of pits are constructed to integrate well with the surrounding forest.  
 

Finding 14  Nutri ent and fertilising practices  are inefficient and deficient in key 
nutrients   

The challenges of obtaining a consistent fertiliser supply in a remote area such as Christmas Island 
means that fertiliser regimes are often dictated by availability and costs. H owever, Parks Australia  
staff members have generally maintained the following fertiliser applications within the 
rehabilitation over the recent years:  
 
Ʒ At planting:  

Ʒ One Baileys Native Plant Pill per new plant  to be p¢vxzy ­~ª}~¤ ª}z ©zzy¢~¤|©Ċ ¨¥¥ª °¥¤z vª 
planting  

Ʒ 100 kg/ha of Baileys Tristar or the Christmas Island National Park Custom Granular Blend 
fertiliser at planting . 

Ʒ Follow up: 
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Ʒ Three or more applications of Liquid Fish Emulsion/Trace+Fulvic acid during the first wet 
season following planting  

Ʒ A second application of Baileys Tristar or the Christmas Island National Park Custom 
Granular Blend fertiliser within the first year of growth, followed by at least one 100 kg/ha 
application per year for the first 5 -8 years, alternating between fertilisers each 
application.  

Rates of nitrogen, phosphorus, potassium and sulphur delivered under the current fertiliser regime 
for the first two years of plant growth are presented in Table 6. As a general indication, 
approximately 36kg of nitrogen, 0.5kg of phosphorus, 40kg of potassium and 49kg of sulphur are 
applied over multiple applications in the initial year after planting.   This is followed by application of 
14-15kg of nitrogen,  18-19kg of potassium and 13 -14kg of sulphur during the second year. 
External inputs of phosphorus are not required in Christmas Island soil and the amounts of 
potassium and sulphur  supplied by the fertiliser regime appear adequate.  

Table 6: Current fertiliser regime  

Year Fertiliser  product  
Total kg/ha of major nutrients applied  

Nitrogen  Phosphorus  Potassium  Sulphur  

1 Baileys Native Plant Pills (1 tablet per plant at 4000 
stems/ha)  

8.28  0.48  4.2  1.84  

Baileys Tristar x 2  16.6  - 29.6  37.4  

Baileys Liquid Trace with added Fulvic acid x 3  11.7  - 6.9  9.9  

2 Baileys Christmas Island National Park Custom 
Granular Blend 

14.3  - 18.5  13.4  

Total year 1 36.58  0.48  40.7  49.14  

Total year 2  14.3  - 18.5  13.4  

The rate of applied nitrogen  contrasts with recommended plantation forestry practice for Eucalypts 
in tropical and subtropical areas of Queensland, for which a total of up to 150 kg/ha of nitrogen is 
applied over the first 18 months of tree establishment ( Bristow et al. 2005).  A higher rate of 
fertilisation would be expected for commercial forestry, where high rates of growth are the goal . 
That said, it does appear that application of higher rates of nitrogen  over the initial 2 years of 
vegetation establish ment could be beneficial on rehabilitation fields . 

It should be noted that a range of trace elements and calcium are also applied but no calculations of 
application rates were made in this assessment.  

The way in which fertiliser is applied greatly impacts its potential success. Discussions with Parks 
Australia staff revealed that during the planting stage, fertiliser is initially applied by hand to 
increase the accuracy of placement close to seedlings and prevent uptake of valuable nutrients by 
weed species. Mechanical application methods have been trialled for follow up applications.  These 
are successful when seedlings remain small but  are hampered by the increasing canopy/leaf cover 
as plants develop. Fertiliser thrown from a spreader is unable to efficien tly penetrate the canopy of 
plants that exceed 2 -3 metres height, with the majority of fertiliser left around the field boundaries 
and not within the rehabilitated area. Because of these problems, subsequent applications of 
fertiliser are now hand delivere d. However, this creates issues with evenly applying the correct 
volumes and with human bias.  

Industry practice generally incorporates the initial application of fertiliser into the soil during 
earthworks for easier uptake by plants and to reduce losses to  surface runoff and the atmosphere.  
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Finding 15  There are more tracks than necessary in some rehabilitation areas 
providing the opportunity for weeds to establish along the track 
lines 

During the site visit it was observed that there are more tracks than necessary in some 
rehabilitation  fields. This creates open areas allowing weeds to pro sper, even once there is cover in 
the field , and forms a hydraulic barrier that directs any surface runoff  down the tracks and away 
from the rehabilitated areas downslope . Multiple  tracks have been used to allow for each of access 
during field maintenance.  However, it was observed that in areas with good rehabilitation and a low 
frequency of tracks, maintenance requirements were likely significantly less than areas of high 
track frequency .  

 

Figure 9: Revegetation outcomes were observed to be worse on the downslope  (left)  side of tracks  

It was observed that the location of access trac ks in the more recent rehabilitation files is  
appropriate with no tracks  in inspected fields located around the perimeter of the field, which would 
prevent reintegration and minimise edge effects . 

Finding 16  The use of topsoil from stockpiles with significant  regrowt h should 
be considered  

A number of topsoil stockpiles have been classified as unavailable due to forest species 
regenerating on the topsoil stockpile over a number of years  (or decades in many cases).  However, 
for some of the stockpiles, a clearing permit has not been sought and no discussion has been had 
with the Department of Water and Environmental Regulation who regulate clearing activities.  By 
not going through the process  of attempting to obtain clearing permits for all stockpiles  it 
introduces some uncertainty of the volume of topsoil resources available to the CIMFR program 
that could be alleviated by trying to get clearing permits for all sites even if they fail   

While the current practice of l eaving topsoil stockpiles with significant regrowth in place may 
appear to provide high conservation value, in the context of the conservation  value of the entire 
Island this practice  is potentially  not fully  maximising the positive  biodiversity  impact tha t the 
topsoil resource may have. The clearing and reuse of topsoil from such stockpiles in rehabilitation 
would result in a larger area being able to be rehabilitated  than the size of the stockpile.  

A biodiversity outcomes assessment should be completed f or these stockpiles and where it is found 
that the net conservation benefit of clear ing the stockpile for reuse on rehabilitation fields is 
greater than the value provided by the regrown stockpile , consultation  with the Department of 
Water and Environmenta l Regulation should occur in relation to the approval of clearing permits.  

It is recommended that as part of the biodiversity outcomes assessment the Quality Hectares 
methodology is used to calculate the net gain of the clearing of the stockpile. This met hodology 
multiplies the quality of a particular biodiverse area by the area over which the biodiversity 
outcome is achieved, allowing for a comparison to be made between sites of varying sizes in terms 
of the potential gain in biodiversity value that could  be made.  
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Figure 10O Z®v£¦¢z ¥{ v ª¥¦©¥~¢ ©ª¥x¡¦~¢z vª [~z¢y GH c¥¨ª} ª}vª }v© wzz¤ ©ªz¨~¢~©zy y«z ª¥ ć¤vª«¨v¢Ĉ ¨z}vw~¢~ªvª~¥¤ 

3.3  Assessment findings in relation to soil  

Finding 17  Backfill stockpile schedules do not provide an accurate description 
of the available topsoil resource   

egaĊ© £~¤~¤| ¢zv©z requires  that PRL provide the Commonwealth with details of the location  and 
quantity  of all  backfill  stockpiles located either within t he leased land or relinquished  land that are 
suitable for rehabilitation  purposes. This information is required to be updated regularly . The lease 
also states that PRL must ensure that a minimum amount of 500,000 tonnes of backfill material is 
available at all time s either within  the Lease or in relinquished stockpile areas at no charge to the 
Commonwealth . The sufficiency  of stockpile  and backfill material must be revised annually and 
there  should be consultation between PRL and the Commonwealth to determi ne the best way of 
utilising available stockpiles.  

The backfill stockpile schedules do not provide an accurate description of reality. Of the stockpiles 
on relinquished land shown in the June 2018 backfill schedule Parks Australia advised that 220 Kt 
of the 322 Kt has been used and there is no further resource available from these stockpiles. The 
remaining  102 Kt on stockpile 25 E has naturally  revegetated and Parks Australia has determined  
that no recovery  is possible from this stockpile  (Table 7). This presents a high risk to the CIMFR 
Program as topsoil is a limiting resource. To address this issue there needs to be better cooperation 
between Parks Australia , the Department and DMIRS to ensure that PRL is meeting its lease 
conditions and that there is full transparency over the amount of available backfill material and its 
location.  

V© ¦v¨ª ¥{ ev¨¡© V«©ª¨v¢~vĊ© ©~ªz ¦¨~¥¨~ª~©vª~¥¤ ¦¨¥xz©© ~ª ~yz¤ª~{~z© ª}z x¢¥©z©ª topsoil stockpiles and 
undertakes costs associated with transport of topsoil from that stockpile to the rehabilitation site 
(Table 8). Across the available stockpiles ª}vª }v¬z wzz¤ ~¤x¢«yzy ~¤ ev¨¡© V«©ª¨v¢~vĊ© ¦¨~¥¨~ª~©vª~¥¤ 
process and assigned to rehabilitation fields there is a deficit of 956 Kt of material. The process to 
optimise the use of topsoil does not currently include constraints and other planning factors . Parks 
Australia does not have these capabilities however it is expected that PRL would be able to run a 
topsoil optimisation package through its mine planning process which could provide a more 
optimised strategy for topsoil use.  
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Table 7: Status of topsoil stockpiles on relinquished sites  

Stockpile 
reference  

Location   Status  Amount (kt) 
as per PRL 

 Amount (kt) 
as per PA  

Comments  

23AC VCL Not Applied 19  0 Used - No further resource available  

23AB VCL Not Applied 20  0 Used - No further resource available  

25E VCL Not Applied 102  0 
Naturally revegetated ą currently 
considered as no recovery possible  

20G VCL Not Applied 136  0 Used - No further resource available  

107B  VCL Not Applied 15  0 Used - No further resource available  

107A  VCL Not Applied 15  0 Used - No further resource available  

20U VCL Not Applied 15  0 Used - No further resource available  

Total available  322  0  

 
Table 8O X¥£¦v¨~©¥¤ ¥{ ª¥¦©¥~¢ ©ª¥x¡¦~¢z §«v¤ª~ª~z© v¤y ev¨¡© V«©ª¨v¢~vĊ© v¢¢¥xvª~¥¤ of that stockpile during its site 
prioritisation process  

Topsoil 
reference  

Location   Status  Amount (kt)   Amount 
required (kt)  

 Excess / 
Deficit (kt)  

106C MCI70/1A  Clearing permit granted  24  822  -798  

20R MCI70/1A  Clearing permit granted  192  90  102  

23I  MCI70/1A  Not Applied 17  80  -63  

11C MCI70/1A  Not Applied 59  - 59  

10 E2 MCI70/1A  Clearing permit granted  67  400  -333  

25H MCI70/1A  Clearing permit granted  135  58  77  

Total  -956  

 

Finding 18  Soil depth does not appear to be a key indicator of rehabilitation 
success 

A total of seven soil pits were excavated to depth . Six were excavated in rehabilitated areas during 
the assessment with vegetation ranging from good to moderate to poor . One pit was excavated in 
undisturbed primary forest . Previously, the Christma s Island Minesite Rehabilitation Plans  had 
indicated that the target soil depth for successful rehabilitation should be 1.5 -2.0  metres, though 
that report provided no basis or justification for that recommendation.  

Profile measurements provided in  Table 9 indicate that soil depth is not the limiting factor for 
achieving successful rehabilitation. Field 23A  supported substantial trees up to 20 metres tall with 
a soil profile depth of 0.7 -1.1 metres. Roots were observed running parallel to the hard limestone 
layer in test pit two (Figure 11), indicating an impenetrable layer at 0.7 metre depth, but trees 
appeared healthy, with minimal visible effects of the recent dry conditions. Where two pits were 
excavated within Field 23 North to investigate localised differences between  good and poor 
performing areas, the area with better vegetation growth had the shallower soil profile.  

Table 9: Soil test pit findings  

Site (test 
pit)  

Rehabilitation 
status  

Soil Depth 
(m) 

Average Tree 
Height (m)  

Comments  

Field 23A  
(1) 

Good 1.1  10-20 Roots were present through the profile until the hard 
limestone/phosphorus layer at 1.1  metre s. 

Field 23A  
(2) 

Good 0.7  10-20 Roots were travelling sideways throughout the profile and did 
not  penetrate the hard limestone layer at 0.7  metre s. Soil was 
darker and appeared to contain higher organic matter through 
profile.  
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Site (test 
pit)  

Rehabilitation 
status  

Soil Depth 
(m) 

Average Tree 
Height (m)  

Comments  

Field 23 
pit (1)  

Moderate 1.1  5-15 (larger 
trees dead) 

High vegetative surface cover. Roots were common to 1.0  
metre s but travel led sideways above compacted 
limestone/p hosphorus layer at base.  

Field 23 
pit (2)  

Poor/Moderate  0.6  5-10 (larger 
trees dead) 

Pit showed mixing of pale brown limestone/  phosphorus 
material from 0.5  metre s. No roots were present in the soil 
below this point.  

Field 23 
North (1)  

Poor 1.1  2-5 Roots were prominent until the soil and limestone/phosphorus 
mixing appeared at 0.7  metre s. No roots were present below 
this depth.  

Field 23 
North (2)  

Good 1.0  5-10  Roots were present throughout the profile but concentrate d in 
an organic layer (mulched ferns) present between 0.8 -1.0  
metre s. A section of hard soil material containing pale brown 
limestone/phosphorus material was present at 0.5  metre s and 
contain ed no roots.  

Natural 
rainforest  

- >1.3  20-25 Uniform red clay to depth with high organic matter 
concentrated in the top 0.3  metre s. The majority of tree roots 
were found within the upper 0.5  metre s of the profile.  

The key finding that was common though rehabilitation areas with both moderate and good 
vegetation growth was the increased presence of organic matter through the profile. The test pit 
excavated within the area of good rehabilitation at Field 23 North showed a layer of mulched Sword 
fern material had been buried between 0.8 and 1.0 metres depth. A substantial amount of tree 
roots was concentrated at this depth ( Figure 12), indicating favourable growing conditions. Root 
development down the profile is also an indicator of reha bilitation success. The profile showed an 
area of hard -set soil around 0.5 metres depth, with some pale brown limestone/phosphorus 
material mixed through that had no roots present ( Figure 13). This pale brown material appears to 
be left over from mining activities and was found through the rehabilitated areas, more commonly 
in the poorer performing rehabilitated areas. Few or no r oots were observed in or below the depth 
at which this material occurred, and it appears to be detrimental to vegetation growth.  

In the primary  forest area, soil depths in test pits exceeded the excavated depth of 1.3 metres. 
However, the large majority o f roots within the profile were located within the top 0.5 metre s of the 
profile. The findings on both natural and rehabilitated areas indicate that vegetation success is 
more strongly influenced by soil quality than by soil depth . 

 
Figure 11 : Field 23A parallel root growth  



 

Department of Infrastructure, Transport, Regional Development and Communications  
Christmas Island Mine site to Forest Rehabilitation (CIMFR) Program Review 
A member firm of Ernst & Young Global Limited  Liability limited by a scheme approved under Professional Standards Legislatio n 

EY ö 28  
 

 
Figure 12 : Concentrated tree roots in organic layer  

 
Figure 13 : Hard set pale brown section with no root growth penetrating it  

Finding 19  Soil analytical data demonstrate the importance of soil carbon and 
nitrogen  

Samples analysed showed typical carbon and nitrogen  profiles for forest soils, with highest 
concentrations of carbon and nitrogen  in the surface, and both generally declining with depth.  The 
decline in nitrogen  is generally more rapid than that of carbon, so the carbon to nitrogen ratio 
increased with depth in most cases.   

Analysis of samples taken at the primary forest test pit site showed considerably higher carbon and 
nitrogen  in the surface than all other sites sampled . This illustrates  the importance of soil organic 
carbon as a store of nitrogen  and as an indicator of site productivity.  h¥~¢©D©~ªz© x¢v©©zy v© ć¦¥¥¨Ĉ 
showed quite low levels of carbon and nitrogen , but for sites c¢v©©zy v© }v¬~¤| z~ª}z¨ ć|¥¥yĈ ¥¨ 
ć£¥yz¨vªzD¦¥¥¨Ċ ¨z}vw~¢~ªvª~¥¤A y~{{z¨z¤xz© ­z¨z £¥¨z ©«wª¢zC In some cases, both good and 
moderate/poor sites showed similar levels of carbon and nitrogen  in the surface 0 ą 0.1 metre  
layer, but levels at depth declined m uch more rapidly in the poorer sites ( gradual increases in the 
depth of the surface layer of organic carbon accumulation are common indicators of rehabilitation 
success). 

At one site (2 3 North ), good growth was associated with presence of a layer of mulche d sword fern 
at approximately 0.7 metre  depth that delivered large increases in carbon and nitrogen  in the 0.7 ą 
0.9 metre  deep layer (the depth of placement would have avoided any potential for germination of 
sword fern propagules, while still providing an organic carbon rich layer to assist plant growth ). 
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In weathered soils under high rainfall, soil organic matter stores and recycles mos t of the 
ecosystem nitrogen  and other nutrients, so it has a critical role in the long -term sustainability and 
productivity of the forest ecosystems established.  

3.4  Assessment findings in relation to revegetation and 
ecosystems  

Finding 20  Rehabilitation success is vari able between and within sites  

While across the Program as a whole rehabilitation has been largely successful, when comparing  
fields of various ages , a range of rehabilitation outcomes were observed . From visual inspection , 
the reasons for this variability  between and within sites were not always obvious.  

Rehabilitation in some sites 10 years or older was observed to be good or very good, although 
there was some variation noted within particular  sites. Results from these older  sites demonstrated 
that it is  possible to achieve rehabilitation objectives , although even over time areas of poor 
rehabilitation quality may persist . It was generally observed that  if sites achieve a particular 
standard, they are likely to be sustainable and require no ongoing mainte nance.  

For example, in a ten-year-old field, Field 24 South, there were some areas adjoining remnant 
vegetation and the south -west of the site where rehabilitation development was very good in terms 
of vegetation diversity, growth and health , and there were visible signs of fauna . However, in some 
areas, diversity of the taller trees was lower , the site was very dry,  and no fauna were observed 
present. Overall, despite some variability, it appeared that this site is likely to meet its objectives.   

Field 23A  (rehabilitated in 2006) supported very good rehabilitation, with a good diversity of 
healthy trees , good natural recruitment and ground litter cover, Red Crab  burrows, birds present  
and very few weeds observed. By contrast, the rehabilitation in other similar aged sites was not as 
successful. For example, in Field 23 Pit, the same age as Field 23A , the standard of rehabilitation 
varied from poor to average. Field 21 North West was rehabilitated in 2008  and similarly displayed 
lower levels of rehabilitat ion success. There was a lower density of tall trees , lower canopy cover 
and lower density of ground cover plants than Field 23A .  

 
Figure 14 : Variability in rehabilitation performance at Field 23A with poor to the left and good regrowth to the right  

Rehabilitation performance in 3 -5 year old sites was found to  vary both between and within fields. 
In some areas, rehabilitation was found to be consistently good, whereas in other rehabilitation 
success varied from poor to good across the fields. This was particularly noticeable in Fields 23 
North  (rehabilitated in 2015 ) and 22 West (rehabilitated in 2014 ). In Field 23 North, the higher 
areas appeared very dry, with tree deaths, few ground cover plants, and limited ground litter. 
Lower elevation areas contained fewer dead trees, and those present were taller and in better 
health  and subsequently litter cover was also  greater.  Similar variability was observed in Field 22 
West, with some notable erosion and some cryptogam cover  also present on steeper areas, while 
rehabilitation performance near the remnant vegetation was generally better. By contrast, 
although  slightly  younger, the rehabilitation in Blowholes 107 ( rehabilitated in 2016) was better 
than that at either Field 23 North or Field 22 West. Tree survival, growth and diversity across the 
site appeared to be consistently good, leaf litter was developing, and ther e was some recruitment . 

Rehabilitation Field 24 North East represents current 2019 rehabilitation. Although there has been 
very limited rain, establishment of tree species suitable for early colonising  has been very good and 
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leaf litter is beginning to acc umulate in some areas, demonstrating that over a short time frame the 
current rehabilitation methods are able to produce successful results . Based on the development of 
rehabilitation observed in other sites, it is considered likely that with appropriate m aintenance, in 
time this site should meet rehabilitation objectives.  

Finding 21  Rehabilitated sites in some areas are likely to become self -
sustaining in time  

Most rehabilitated sites are likely to become self -sustaining in time, although some may require 
maintenance beyond 10 years if Gold and Silver rehabilitation standards are to be met. Older sites 
which have not been maintained for some years in general appear  to be surviving, and suggest that 
when maintenance ceases, most plants continue to survive , and new seedlings establish from 
second generation seed fall, and recruitment from surrounding forest and fauna seed dispersal.  

Some 10-15 year old rehabilitated sites such as Field 23A  and Field 20 East are developing well and 
are likely to meet the overall CIMFR rehabilitation objectives with little or no further maintenance 
required. They display good vegetation cover and diversity, tree growth and health are good, there 
are few or no  weeds, fauna colonisation is generally good  and leaf litter is present. Together, these 
results suggest that sites similar to these, or those which become so in time (e.g. those currently 
rated Good or Very Good) are likely to be sustainable in the longer  term. It is noted that currently, 
all rehabilitated sites are going through a period of very low rainfall and most plants on these sites 
are surviving, which suggests  that  they are resilient.  

It should be noted, however, that survival and sustainability do not necessarily imply maintenance 
of levels of plant growth and diversity is consistent with rehabilitation objectives.  Where nutrient 
stores are low, vegetation growth rates will show a commensurate reduction.  If there is potential 
for limiting nutrien ts to accumulate and increase through time, then the vegetation will have the 
potential to eventually achieve the desired levels of plant growth and density.  But if accumulation 
does not occur, then growth will remain limited unless some management action can sustainably 
address the shortfall.   

In sites with variable rehabilitation development, such as Field 23 Pit and Field 21 North West, 
further maintenance (e.g. weed control and possibly some supplementary planting) and monitoring 
is likely to be require d if these sites are to meet rehabilitation objectives. The low rainfall appears to 
have had an impact on these sites, with relatively large numbers of tree deaths (mostly Macaranga 
tanarius ). In time, these sites are also likely to be sustainable, but wil l require more maintenance if 
good rehabilitation standards are to be met.  

Other older sites that have not received maintenance for many years were inspected , including 
Field 21 Central  and South Point West, and these appear to be sustainable, with little  evidence of 
tree deaths or significant weed problems.  

Finding 22  Rehabilitated sites provide habitat for native fauna  

Rehabilitated sites provide habitat for native fauna as documented in the monitoring results within 
the Annual Reports and confirmed through visua l inspection. During the site visit , various species 
were observed across the rehabilitation fields, including land crabs, and a range of endemic forest 
bird species.  

Fauna monitoring results in the 2018/19 CIMFR Annual Report and previous reports show th at 
forest bird species are colonising the rehabilitated areas as would be expected. This was confirmed 
during the site inspection, with numerous Imperial Pigeons sighted in a range of rehabilitated sites 
and ages, as well as Christmas Island Flying Foxes, Christmas Island White-eyes, Emerald Doves, 
Christmas Island Thrush, and one Christmas Island Goshawk (in Field 23 Pit). Data on Red Crab 
numbers and burrows give an indication of the extent to which they utilise rehabilitated sites, 
including for burrowin g. These show variability in crab utilisation and burrowing related to a 
number of factors such as ease of access, shade and litter cover.  
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l~ª} ¨z|v¨y© ©¦zx~{~xv¢¢¯ ª¥ ¦¨¥¬~y~¤| }vw~ªvª {¥¨ Vww¥ªªĊ© W¥¥w¯A ~ª ~© ¢~¡z¢¯ ª¥ ªv¡z £v¤¯ ¯zv¨© =¥¨ 
decades) before trees in rehabilitated sites (e.g. Planchonella nitida , Syzygium nervosum) reach 
sufficient size to be suitable for nesting by the species. However, establishment of good tree cover 
on rehabilitated sites, which is already occurring on many aged 10 year s or greater, is expected to 
reduce wind turbulence impacts on nesting locations adjacent to mined areas. Therefore, it is 
expected that there will be indirect benefits of rehabilitation to primary forests adjacent to mined 
areas that will effectively incr zv©z ª}z v¨zv ­}z¨z Vww¥ªªĊ© W¥¥w~z© v¨z vw¢z ª¥ ¤z©ª ą thereby 
enhancing habitat for the species. An example of this is rehabilitated Field 23A, which is 13 years 
old and has a nest in a tree located very close to the rehabilitated mine pit.  

Finding 23  Rehabilitati on is generally integrated well into the surrounding 
landscape 

All rehabilitation was blended in well with the surrounding rain forest, and in many cases, we 
observed good plant growth (likely due to the deeper soils and shading) and establishment of 
recruitment plants from adjacent remnant vegetation.  

In many mines, rehabilitated areas are surrounded by perimeter tracks to provide access for 
maintenance and monitoring purposes. These tracks can facilitate erosion and weed invasion and 
provide barriers to vegetation recruitment from surrounding unmined areas, and to f auna 
colonisation and migration. All these aspects are important for the developing rehabilitation, and 
particularly in situations like at Christmas Island, where many rehabilitated sites are surrounded by 
high conservation value rain forest. During the si te visits, virtually no perimeter tracks  were 
observed and integration of rehabilitated fields with surrounding primary rainforest was 
progressing well.  

 
Figure 15 : Christmas Island Goshawk observed in Field 23 Pit  

Finding 24  Exotic animal a nd plant species have been observed to impact the 
developing rehabilitation ecosystems on Christmas Island  

Exotic animal and plant species pose a significant threat to the development of rehabilitation 
ecosystems on Christmas Island and require major effor ts to control their spread.  

Yellow Crazy Ants are described by both  Parks Australia  staff and in reports as the most significant 
introduced species in terms of their potential impact on the native ecosystem, including developing 
rehabilitated areas.  In 2010 the extinction of the Christmas Island pipistrelle was attributed to an 
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increase in Yellow Crazy Ant abundance (State of Queensland, 2016).  Although this species was 
not observed during the site visit, based on the pre -existing knowledge of the im pact this pest may 
have on Christmas Island it can be concluded that ongoing control of this species is very important.   

Cats also pose a threat to rehabilitat ing ecosystems. During the site visit feathers were observed 
that were indicative of cats predati ng on birds.  A program is carried out to control the cat 
population on Christmas Island and traps were observed at several sites.  

The large introduced centipede is also a problem for small reptile species such as the Blue -tailed 
h¡~¤¡ v¤y a~©ªz¨Ċ© \zx¡¥C Enclosures in a rehabilitated area to exclude this species had resulted in 
significant recovery of their numbers, confirming that predation is a major cause of their decline.  

Various introduced weed species were observed, and it was clear that these have an impact on 
young developing rehabilitation. The most significant was the vine Mikania micrantha , which grows 
at a very fast rate and can choke out young growing trees . Control of these species is required in 
the early years of rehabilitation until trees become established, a canopy cover develops, and 
weeds are shaded out. There did not appear to be a consistent time period that correlated with 
when rehabilitation was sufficient to out -compete weed species. Timing is likely to vary with factors 
such as tree density and growth , fertiliser availability, and rainfall.  

Leucaena leucocephala (False Coffee Bush) has been established on the island for many years. The 
species is a significant problem and widespread, for example in many former mined and 
relinquished areas, such as areas of the ridge along North -west point. Eradication of the spec ies is 
not possible, however considerable effort has been made to prevent its establishment in CIMFR 
rehabilitated areas and this appears to have been generally successful . 

Finding 25  The species composition is suitable for the rehabilitation sites , 
although  it is  not necessarily sustainable across the Island   

The species composition has been determined based on Program experience and is currently 
effective for establishing rehabilitation. Considerable knowledge exists regarding the suitability of 
tree species for gro wing in particular rehabilitated areas, specific areas within rehabilitated sites, 
and successional stages of rehabilitation. As well as their likely performance, species are selected 
based on their importance for conservation (e.g. potential future AbbottĊ© W¥¥w¯ nesting trees), 
function (e.g. providing food for particular fauna species) and to establish a diverse and sustainable 
rain forest vegetation community.  

V yzªv~¢zy yvªvwv©z }v© wzz¤ z©ªvw¢~©}zy w¯ ev¨¡© V«©ª¨v¢~vA wv©zy ¥¤ £¥¨z ª}v¤ GE ¯zv¨©Ċ 
experience establishing rehabilitation. For each species, this provides detailed information 
regarding  ~ª© z©ªvw¢~©}£z¤ª v¤y £v~¤ªz¤v¤xzC i}~© z¤©«¨z© ª}vª ª}z ĉª¥«|}Ċ =}v¨y¯> ©¦zx~z© v¨z 
established in the first stages of rehabilitation, and in areas such as  the pit centre and higher 
elevations, which may have lower water and nutrient availability (e.g. Pandanus elatus, Calophyllum 
inophyllum ), while later successional stage species (e.g. Planchonella nitida , Syzygium nervosum) 
are established after 3 or more  years, when sites are more shaded, and in areas where there is 
sufficient soil water holding capacity and the soil nutrient bank for key macro - and micro-nutrients 
is likely to be adequate.  

This is similar to the approach used for establishing rain fores t ecosystems at other mines that the 
assessment team has observed, where initial establishment includes mainly pioneer successional 
stage species, and subsequent establishment (after 2 -3 years) includes shade tolerant, later 
successional stage species. These patterns match natural rain forest successional processes that 
occur when temporary clearings are established (e.g. due to large trees falling), enabling pioneer 
species to grow until they provide some canopy closure, allowing later successional stage s pecies to 
establish. Knowledge of the successional stages to which particular plants are best suited proves 
helpful in the design of mine rehabilitation programs, and this approach has been utilised in the 
CIMFR Program.  
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Over approximately the last 20 yea rs, most rehabilitation has focussed on areas with good topsoil, 
and in these areas, it is possible to re -establish the successional sequences discussed above. 
However, in older areas, less topsoil was applied, with very little in some cases. Sites were al so not 
prepared the same way that the more recently rehabilitated sites have , with sometimes little or no 
reshaping, ripping, etc. One example is South Point West. These areas require species included in 
ª}z x«¨¨z¤ª ĉª¥«|} £~®ĊA v¤y ~ª ~© v¦¦v¨z¤ª ª}vª ©¥£z ©¦zx~z© }v¬z ©«¨¬~¬zy v¤y |¨¥­¤ 
comparatively well for almost 20 years.  

Given that topsoil is now very limited, more areas will need to be rehabilitated with little topsoil, or 
topsoil substitute (e.g. mulch, cover crops), which will require an evaluation of which species are 
best suited to meet rehabilitation objectives, and be sustainable over the long te rm.   

Finding 26  Weed management practices  are well informed and relatively 
effective  

A number of significant weed species are present in rehabilitated areas and require active 
management. Generally, control programs appear to be well informed  and effective, with no 
evidence of significant weed problems in well -established rehabilitated areas 10 years or older and 
rated as performing well. Two of these species ą the vine Mikania micrantha  and the False Coffee 
Bush Leucaena leucocephala, are described in Finding 22 , while a third problem species, the Sword 
Fern Nephrolepis biserrata , is considered native but aggressively invades open areas such as 
formerly mined sites, preventing the establishment of most other species  and preventing  the 
migration of red crabs.  
 
Considerable time and expense is invested in controlling weeds, particularly Mikania micrantha . 
Knowledge of control methods appears to be very good. As noted in the 2018/ 19 CIMFR Annual 
Report, collaboration takes place with relevant state and federal government agencies such as the 
Department of Primary Industries and Regional Development WA, Department of Agriculture and 
Fisheries Queensland - Biosecurity, and the Northern Australia Quarantine Strategy conducting two 
surveys in 2018. Weed control methods are des cribed in the 2017/18 and 2018/ 19 CIMFR Annual 
Reports, and generally include physical removal, the use of herbicides, and waiting until tree 
canopy closure when many weed species decline or die out due to lack of sunlight. This is standard 
industry good practice.  

Control of Mikania micrantha  in young rehabi litation involves physical cutting back followed by 
spraying. From discussions and field  observations, this appears to be appropriate. However, it is 
not clear how long this is required  for .  

Leucaena leucocephala occurs throughout the island, and eradicat ion is not a realistic option. For 
this species, efforts need to focus on containment to existing areas, and preventing its introduction 
and spread in high value conservation areas, and into new rehabilitation. In the CIMFR rehabilitat ion 
sites visited , th is approach appears to have been generally successful.   

Sword Fern Nephrolepis biserrata  control is required  in some existing rehabilitated areas, and in 
many previously mined (including some relinquished) areas. Whilst it provides useful cover, removal 
of this plant is needed if other species are to be established, and crab migration made possible. In 
some sites (e.g. Field 17T), control of Sword Fern has been undertaken by either the use of 
selective herbicides such as Metsulfuron, or ripping and burying the fern layer, or both in 
combination. Extensive areas of Sword Fern exist  across the Island, and some of these prevent 
access across important crab migration routes.  

Overall, current weed management practices appear to be appropriate and effective, alth ough 
there is the potential for improvements to the efficiency and cost effectiveness of these control 
methods to be made.  
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Finding 27  Nursery  operations are appropriate for the scale of the Program 
and make use of cost efficiencies  

Overall, the  nursery  operation a ppears to be very efficient, with the nursery designed well. 
Refinements over time have clearly contributed to this. In broad terms, plant production involves:  

Ʒ Preparation of pots and seed bed trays, using a mixture of Coconut fibre/Coco -Peat, soil and 
Perlite, with some fertiliser added , 

Ʒ Seeding into trays that are placed in a covered shade house with a timed reticulation system , 
Ʒ Transferring seedli ngs to individual pots and growing them out in the main nursery, then in the 

yard opposite the car park ready for planting.  

The nursery was inspected on 20 November 2019 and 26 November  2019. Planting had not 
commenced due to the late rains, so it was pos sible to observe all seedlings ready for the planting 
operation to commence. The techniques used appear ed to be appropriate for the scale of the 
operation  and relatively little evidence of pests or disease were observed.  

An innovative idea observed at the nursery was the provision of water for Imperial Pigeons, which 
perched next to it and their droppings provided a source of rain forest seed, some species of which 
were difficult to collect. It was noted that up to 5,000 seeds could be collected annually th is way.  

No clear opportunities for improving or increasing the cost efficiency of the nursery operation s 
were observed, apart from some aspects of seed management discussed in the following section.  

 
Figure 16 : Seedlings at the nursery  on Christmas Island  awaiting planting to begin  

Finding 28  Seed collection, storage and germination  practices are fit for 
purpose  

Currently, broadscale seeding is not used to establish rehabilitation, and this is considered unlikely 
to change in the near futu re. However, seed is needed for the 35,000 plants grown in the nursery 
every year, and as noted in Section 3.9 of the 2017/18 CIMFR Annual Report, obtaining sufficient 
seed of the right species at the time needed for plant establishment can present signifi cant 
challenges.  

Technical advice regarding seed collection, storage and germination has been obtained through 
collaboration with the Australian National Botanic Gardens (ANBG) and its associated seed bank and 



 

Department of Infrastructure, Transport, Regional Development and Communications  
Christmas Island Mine site to Forest Rehabilitation (CIMFR) Program Review 
A member firm of Ernst & Young Global Limited  Liability limited by a scheme approved under Professional Standards Legislatio n 

EY ö 35  
 

other projects. This organisation has conside rable expertise and has collaborated well with mining 
companies in the past; it is strongly recommended that this partnership continues where needed, 
recognising that the rehabilitation program on Christmas Island continues to evolve, and the 
amounts of seed and species collected will vary from year to year according to needs.  

The seed storage facility was inspected and generally appeared to be organised and suitable for its 
purpose. However, there appears to be limited viability testing of seed lots and re cording of their 
viability over time under specific storage conditions (for example, optimal temperatures under 
which seed is stored can vary according to the species, and time it is stored). This is not a 
significant problem if seeds are collected just pr ior to plant establishment, and used in the same 
year; however, seeding times and seed production vary . It is therefore potentially more efficient , 
and sometimes essential , to store seed for longer periods . 

Methods have been developed to initiate seed germination. Whilst apparently effective, t hese 
appear to be relatively slow but necessary until more efficient methods can be developed. It is 
suggested that discussions take place with ANBG and others, and trials of other methods in 
conjunction with viab ility and germination monitoring, continue.  

3.5  Assessment findings in relation to monitoring   

Finding 29  The monitoring program is appropriate and in line with industry  
practice  

The monitoring methods described in Appendix 1 of the CIMFR Annual Reports and in the CIMFR 
Monitoring Protocols are typical of those used in many rehabilitated sites, and generally reflect 
current leading practice monitoring procedures. Techniques used to measure vegetation height and 
cover, including the height staff, clinometer and hemispheric al photographs, and also cover of ferns 
are appropriate for rehabilitated sites with similar vegetation characteristics. Fauna methods 
appear to be appropriate, with suitable sampling methods for the key conservation species present 
in rehabilitation. The size and design of the transects is appropriate for the vegetation parameters 
measured in this type of ecosystem.  

Together, these measurements provide very useful information over time on a range of key aspects 
of the developing rain forest ecosystem, inc luding tree density, growth (height) and health, species 
numbers and diversity, and tree, fern and leaf litter cover. In combination, these are very important 
for assessing successional trends and determining whether the CIMFR objectives are likely to be 
met, and whether the site is sustainable. The parameters correspond closely with the list of 
monitoring parameters considered most suitable for use in rehabilitation of tropical forest 
ecosystems, given in Table 1 of Jasper et al (2006) (Appendix  E). 

Two diversity indices (Shannon -Weiner (SWDI) v¤y h~£¦©¥¤Ċ©> v¨z x¥££¥¤¢¯ «©zy in the mining 
industry and areas of high conservation value as measures of ecosystem diversity and this is 
important in a species rich rain forest ecosystem. Each measure provides a sl ightly different 
perspective of diversity, with neither on their own providing the complete picture. Another diversity 
measure, the Hierarchical Richness Index (French 1994) has been used at a number of mines where 
species richness is comparatively high, e .g. mineral sand mining in WA . It is recommended that this 
be considered as its calculation is relatively straightforward and requires no additional data.  

Finding 30  Monitoring and reporting provide an accurate description of 
rehabilitation performance observed on t he Island  

The monitoring results presented in the CIMFR Annual Reports accurately describe the 
rehabilitation performance of the sites. The monitoring data and time sequence photos provide 
very useful information on the establishment of individual sites, and any important developments in 
the rehabilitation program in general. Each year, sites aged approximately 0, 1, 3, 5 and 10 years 
are monitored for a range of vegetation and fauna parameters . Over time, this provides very good 
information on the development, management requirements , and likely sustainability of the 
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developing ecosystems. Limited  soil properties have been measured each year, with more detailed 
sampling conducted during the 2018/19 monitoring program.   

Performance assessments are based on the overall monitoring results, and rehabilitation 
development across the whole pit . All the sites monitored in 2018/19 were  inspected during this 
assessment, and we concluded that these performance assessments in the Annual Reports  appear 
to be generally correct . Field observations suggest that the general conclusions from monitoring 
results are likely to be  correct  in relation to flora an d fauna. It is relevant to note that this 
assessment was conducted during a period of prolonged drought and that there can be appreciable 
variability within a single field, both of which may affect monitoring results.  

In order to obtain an independent assessment of rehabilitation performance and likely 
sustainability, one site was also assessed by the EY team using an audit procedure developed for a 
¢zvy~¤| ~¤ªz¨¤vª~¥¤v¢ £«¢ª~x¥££¥y~ª¯ £~¤~¤| x¥£¦v¤¯Ċ© rehabilitated for est sites in the Hunter 
Valley. Rehabilitation at that mine was designed to re -establish native forest and woodland 
ecosystems. The site is widely recognised for its leading practice mine rehabilitation and 
biodiversity offsets program, which includes a si gnificant research and monitoring program.  

The assessment process considers a number of aspects including biological resource management, 
rehabilitation establishment methodology, the rehabilitation monitoring system, and rehabilitation 
performance. To provide an accurate comparison to  the CIMFR rehabilitation monitoring and 
performance assessment system the assessment process was modified slightly to make it more 
relevant to a rain forest ecosystem . The assessment process was applied at the three monitori ng 
transects in 10 year old rehabilitation at 24 South.  

Results show that performance for the assessed habitat characteristics in all transects ranged from 
a score of 2 (Satisfactory) to 3 (High) and some 4 (Leading Practice). Performance was lowest in 
Transect 1, where a number of Macaranga tanarius trees had died leaving the site more open, and 
highest in Transect 2, which is closest to the remnant forest and has good tree diversity and very 
good cover and growth. Evidence of likely long -term sustainability was ranked as Satisfactory 
(Transect 1) or High (Transects 2 and 3). Results are included in Appendix F. 

These results tend to confirm the conclusions reached for this site in the 2018/19 CIMFR Annual 
Report, where performance overall for the site was rated as Good. This suggests that both 
monitoring procedures prov ide a relatively accurate assessment of rehabilitation performance.  

Finding 31  The monitoring program does not adequately sample variability 
within sites or include the monitoring of reference sites   

Although the current monitoring  program is effective in assessing t he overall performance of sites , 
monitoring transects do  not adequately sample variability  within  sites by positioning them in 
relation to within -site variability, and this may reduce the accuracy of monitoring  results  and 
increase the requirement for qual itative assessment of the entire field to supplement transect data . 
Additionally, it does not include the monitoring of representative reference sites which can provide 
valuable information on rehabilitation progress .  

Monitoring transects were inspected i n a number of rehabilitated sites (see Table 1), and the map of 
transect locations obtained. In several sites, the 50  metre  transects appeared to be located very 
close to the edge of the site. For example, in new Field 24 North East, both transects were lo cated 
relatively close to the edge with no transect extending across the centre of the rehabilitated area. 
Likewise, in Field 20 North , both transects were close to the forest edge. Transects close to the 
edge were also noted in Blowholes 107 and Transects  23 North - 2 and 23 North - 3. Establishing 
transects close to the forest edge may not present a problem, provided all transects in the 
rehabilitated area in combination accurately sample the variability present. It is not suggested that 
the location of e xisting transects be changed, because monitoring data over time is very useful. 
Good practice would establish transects in areas  in proportion to the extent of known or likely 
future variability in the site, for example edges, flat areas, slopes, areas fur ther from the forest 
edge, and areas with known differences in topsoil properties.  
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With regards to sampling intensity, without a detailed analysis of monitoring data, it is difficult to 
conclude whether the current sampling intensity is sufficient to adeq uately assess key parameters 
such as species numbers over a typical CIMFR site. At other mines, species area curves have been 
used to determine the optimal sampling intensity. Graphs of total species numbers recorded in 
quadrats vs the number of quadrats s ampled are produced, and when this curve levels off, 
sufficient quadrats have been sampled ą at least for assessing that parameter. Species numbers on 
transects at Christmas Island are not recorded in individual quadrats, so it is not possible to do this 
with the current monitoring data.  

The current monitoring program does not include the monitoring of representative reference sites. 
Recognising that due to the change in the landscape profile and soil chemical and physical 
properties, it may not be possible for the rehabilitated ecosystem to exactly match that of unmined 
plateau rain forest, monitoring of these sites can nevertheless provide useful information on the 
development of sites in terms of botanical diversity and structure, plant health, fauna habitat and 
©¦zx~z©Ċ «ª~¢~©vª~¥¤ ¦vªªerns.  

Finding 32  The soil monitoring process  is not delivering value  

Current soil monitoring is limited to the surface 50 -100mm of soil and only uses in -house 
assessments to measure the physical properties of water -holding capacity (%), bulk density (g/cm 3) 
and chemical properties of pH, electrical conductivity ( ȑ©Dx£> v¤y ¥¨|v¤~x xv¨w¥¤ =:>C Y«¨~¤| ª}z 
2019 monitoring, 24 soil samples were collected from rehabilitated and natural areas and sent to a 
NATA accredited laboratory for an extensive range of analys es. This sampling program again 
sampled the surface 100mm of soil but was focused on assessing differences in soil chemical 
properties between well performing and poorly performing sections of rehabilitation.  

When assessing the suitability of soil to establish t rees, a sampling depth of 100mm is inadequate 
to assess soil suitability as this depth does not represent the predominant root zone for the target 
species. At a minimum, a depth of 600mm should be targeted for soil sampling where the 
establishment of trees  is required.  All soil profile sampling should be standardised to depth 
increments of 0 ą 100 mm, 100 ą 300 mm, and 300 ą 600mm to ensure that data can be effectively 
compared across soil sampling dates and locations.  

The assessment of soil properties during  this study indicated that rehabilitation success is highly 
dependent on nitrogen and organic carbon contents at depth. A limitation of the current monitoring 
program is the lack of soil nutrient assessments, including nitrogen, and - as stated before - the lack 
of analysis at depths below 100mm. This is important as both nitrogen and organic carbon are 
likely to be highest in the upper 100mm,  but assessments need to measure whether these 
properties are developing in the lower profile, or whether significan t concentrations of carbon and 
nitrogen are limited to a very shallow surface layer.  

An initial detailed assessment of all topsoil stockpiles across the island is a proactive way to 
determine baseline soil properties prior to placement in rehabilitation fi elds and would avoid the 
need for costly sampling and remediation works at a later date. Initial sampling and analysis will 
allow inputs (fertiliser, organic matter, etc) to be predetermined and incorporated during the 
earthworks, which is particularly imp ortant for placing these inputs in the lower profile where they 
would be most beneficial.  

3.6  Consumption of resources during the MOU period  

Finding 33  The rate of topsoil usage has not been informed by a topsoil budget  

It is apparent that topsoil resources on the Island  are not sufficient to complete rehabilitation of all 
cleared areas. The historic recommended topsoil depth of 1.5  metres of topsoil set by the 
University of Queensland Centre for Mined Land Rehabilitation in its review of the program in 
September 2000  has led to the rapid depletion of the already scarce resource. While Parks 
Australia has reduced the topsoil depth on some recently rehabilitation sites  there are also 
examples where local topsoil stockpiles were sufficient to enable depths closer to the 1.5m 
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recommendation  (Table 10 ).  It is noted however, that using all of the local topsoil resource on a 
site potentially restricts it from being used at other sites acr oss the Island.   

The result is that in 2020 there is a significant topsoil deficit on the Island. This will prevent the 
Yz¦v¨ª£z¤ªĊ© vw~¢~ª¯ ª¥ ¨z}vw~¢~ªvªz v¢¢ ¥{ ª}z ^©¢v¤y v¤y ­~¢¢ ¨z©«¢ª ~¤ v¨zv© ¥{ ª}z ^©¢v¤y ¨z£v~¤~¤| 
un-rehabilitated.  

Table 10 : Average soil depth of rehabilitation fields since 2012  

Year Field Name  Average Soil Depth (m)  

2018 -19 24 North East  1.4  

2017 -18 20 North  0.6  

2016 -17 22 North 17  0.7  

2015 -16 Blowholes 107  1.0  

2014 -15 23 North  1.0  

2013 -14 22 West and 22 Central West 1.3  

2012 -13 22 Central and 22 East  1.5  

Finding 34  The financial expenditure of the Program is not sustainable  

The financial expenditure  and hectares of rehabilitation completed  for the CIMFR Program for the 
duration of the MoU period, as documen ted in the Annual Reports, are outlined in  Table 11 . 
Budgets were not reported in the Annual Reports prior to 2010/11 , with data for these years 
obtained from the CIMFR Program 2012-2020 Plan . Figures included in Table 11  are those of the 
entire program expenditure against primary rehabilitation conducted.  Therefore, costs allotted to 
each year includes activities such as secondary planting, follow -up fertili zers, and weed 
management not just the primary rehabilitation works.  That said, over the long -term, we believe 
that this provides a reasonable approximation of costs per hectare over the life of a rehabilitation 
field.   

Since 2004 a total of $18.9M has bee n expended by the CIMFR program. Throughout this period, 
115.6ha of primary rehabilitation has been completed and managed. This equates to an overall 
cost per hectare of approximately $163,000  per hectare for the life of rehabilitation activities. The 
10-year rolling average for the past 10 years is approximately $600,000, demonstrating the high 
ongoing maintenance costs  of the Program . Expenditure has been separated by spend category in 
the Annual Reports, however, earthworks and machinery charges were not  separated prior to 
2012/13 ( Figure 17). Based on the breakdown, we have estimated that costs are likely to be 
around $150,000 per hectare to complete re habilitation works on the Island using current 
methods. The estimated cost to complete earthworks based on current methods is around $47,000  
per hectare.  

EY undertook high level calculations to demonstrate the magnitude of the anticipated funding 
shortfall. These figures are not intended to be used for Project planning or budgeting purposes.  
The total area that has been cleared for mining throughout the hi story of operations on the Island, 
and therefore the total area that will eventually require rehabilitation, is approximately 2,000 
hectares (this represents approximately the  area that has been cleared by mining activity except 
for any clearing that has b een incorporated into the town or the airport). Based on current closure 
prescriptions and the costs to implement those, it is expected that the total cost of rehabilitating 
mining areas on the Island to be in the order of $300M (or an additional $283M to complete 
rehabilitation of current disturbance footprint).   
 
The conservation levy payments made by PRL to the Department have ranged between $1.0M - 
$1.9M per year between 2013 and 2018. If total annual payments of $1.5M are projected to the 
end of the mine life (currently assumed at 2034) the total of the annual levies collected from PRL 
will equate to an additional $21.0M.  
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Table 11 : Financial expenditure and hectares completed per year  

Year Hectares of primary 

rehabilitation co mplet ed2 

Financial expenditure  Expenditure per hectare of 
primary rehabilitation  

2004/05  14.1   $       711,919   $      50,384  

2005/06  5.0   $       848,879   $    168,763  

2006/07  23.8   $       755,564   $      31,760  

2007/08  10.6   $     1,238,510   $    116,511  

2008/09  15.8   $     1,457,353   $      92,063  

2009/10  10.9   $     1,523,136   $    139,737  

2010/11  0.5   $     1,149,272   $   2,553,938   

2011/12  3.3   $     1,206,898   $    363,523   

2012/13  7.9   $     1,468,255   $    186,091   

2013/14  8.0   $     1,653,966   $    207,005   

2014/15  6.3   $     1,719,261   $    271,605   

2015/16  2.2   $     1,303,859   $    600,857   

2016/17  2.7   $     1,355,909   $    504,055   

2017/18  2.6   $     1,217,327   $    477,383   

2018/19  1.9   $     1,279,110   $    666,203   

Figure 17 : Financial expenditure by category per year  

                                                        
 
2 Hectares of primary rehabilitation completed is based on an annual year period as opposed to financial year period i.e. 

rehabilitation completed in 2018/1 9 will be for the hectares rehabilitated  in 2018  and will not include hect ares from the first 
half of 2019 . 
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4.  Recommended improvements to Program 
methodologies  

4.1  Challenges to achieving full rehabilitation  

The two major challenges to achieving full rehabilitation are the topsoil shortfall and the limited 
funds available to complete rehabilitation.  

The currently assumed topsoil depth requirement is excessive and if this continues to be applied it 
will not be  possible to complete full rehabilitation of the island as there will not be sufficient topsoil 
v¬v~¢vw¢zC Vyy~ª~¥¤v¢¢¯A v ©~|¤~{~xv¤ª ¬¥¢«£z ¥{ ĉv¬v~¢vw¢zĊ ª¥¦©¥~¢ ©ª¥x¡¦~¢z© is inaccessible and not 
feasible to use which further presents a challenge to co mpleting full rehabilitation.  

The total expected cost for full rehabilitation  based on continuation of the current rehabilitation 
methodology  is expected to greatly exceed future rehabilitation levy receipts . Consequently, it will 
not be possible to fully  rehabilitate the entire island if current practices continue . 

In addition, the state of relinquished sites is currently prohibiting full rehabilitati on as in many cases 
it is not feasible to rework the sites due to the significant costs that would be requ ired to do so. 
There are also numerous sites which are not trafficable making it further challenging to prepare for 
rehabilitation at a reasonable cost.  

Access to machinery creates further challenges for the timing  and efficiency  of the earthworks 
process. The type of machinery available for rehabilitation earthworks on the island is limited to 
what can be sourced on the island from PRL or local contractors. This creates challenges to finding 
cost effective ways to complete the required revegetation  works. With a limited number of suppliers 
on the island there is also not ready access to machinery when required, and from past experience 
Parks Australia are typically able to access only two of each type of machinery at a time. In order to 
reduce idle team, and hence expenditure, topsoil stockpiles less than one kilometre away are used 
in general to source topsoil otherwise excavators on site would not be in use for significant lengths 
of time as trucks return to stockpiles to gather topsoil.   

As a result of these challenges, it is recommend ed that the following actions are incorporated into 
future rehabilitation plans and activities.  

4.2  Program planning  

4.2.1  Development of an i sland wide closure plan  

The above-mentioned challenges demonstrate that the curr ent approach will not allow for closure 
activities to be completed in full across the island. To date  due to the structure of the CIMFR 
Program and its focus on relinquished areas only rehabilitation works have not been strategically 
planned, and the appro ach is focused on isolated projects rather than as a closure project. It is 
therefore recommended that an island wide closure plan be developed which outlines the specific 
closure activities for all relinquished and current mining areas  that will be relinquished in the future . 
This will enable the effective prioritisation of sites and optimise the allocation of resources for 
rehabilitation activities  across the life of mine period .  

Particularly in relation to the availability of topsoil, an island wide clo sure plan would require the 
development of an island wide topsoil budget that includes  the topsoil  requirements for all current 
and future rehabilitation areas based on the scoring results . The topsoil budget would then assist 
with the  selection of topsoil  stockpiles for rehabilitation fields to reduce haulage distance, and as a 
result expenditure . It is also recommended that the topsoil budget includes an assessment of 
topsoil quality. This will allow any stockpile assessed as high quality to be potentiall y used for 
rehabilitation areas with high ecological value.  
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Analysis of each stockpile should, at least, include the following physical soil properties:  

Ʒ Field texture, pedality and structure  
Ʒ Colour and mottles  
Ʒ Percentage of coarse fragments (rock) and segr egations 
Ʒ Soil surface condition (cracking, hardsetting, cover, etc.).  

A full laboratory analysis should also be included in the assessment to assess any chemical 
limitations and assess the available nutrient levels. The following suite is recommended:  

Ʒ Soil pH, electrical conductivity, chloride  
Ʒ Exchangeable cations (with calculations of effective cation exchange capacity and 

exchangeable sodium percentage)  
Ʒ Total nitrogen and phosphorous; available phosphorous (due to background phosphorus levels 

this may not  be required), potassium, and sulphur; organic carbon and micronutrients  
Ʒ Particle size and texture.  

 Through the  closure plan, sites across the island will be prioritised and rehabilitation activities 
defined for each. This will enable better integration between priority sites and relinquishment 
objectives. For some sites it may be appropriate to have a lower quality rehabilitati on option when 
the feasibility and conservation value are low. This would range to high quality rehabilitation 
requirements for high conservation sites where it is feasible to do so.   

An island wide closure would also enable efficiencies to be achieved in the earthworks process. For 
example, by understanding which sites are of highest priority , it would be possible for  PRL to 
complete earthworks directly after (or perhaps even before)  relinquishment of these sites . With 
earthworks being completed by PRL dir ectly this would also potentially improve the access to 
machinery, enabling additional topsoil stockpiles located further from rehabilitation sites to be used 
while minimising idle time for machinery. This would also minimise the potential for weeds to 
establish on the site and reduce the requirement to remobilise equipment .  

The development of the island wide closure plan should include the completion of well -planned and 
documented trials prior to the completion of lower priority site rehabilitation to det ermine whether 
changes to the current objectives and methodology to reduce the resource consumption of the 
rehabilitation process will achieve an acceptable standard of rehabilitation success.  

Included within the island wide closure plan should also be a process for the transfer of land 
following completion of rehabilitation to the National Park. This would include completion criteria to 
x¥¤{~¨£ ª}vª v ©~ªzĊ© ¨z}vw~¢~ªvª~¥¤ }v© wzz¤ x¥£¦¢zªzy v© ­z¢¢ v© v ¦¨¥xz©© {¥¨ }v¤y¥¬z¨ ­}~x} 
would involve both the D epartment and Parks Australia.   

4.2.2  Greater s takeholder engagement and cooperation is required  

The structure of the relinquishment and rehabilitation process involves a number of stakeholders, 
which was observed at times to prohibit the flow of information and  communication resulting in less 
effective rehabilitation practices . Greater engagement and cooperation between stakeholders will 
be necessary in the future if changes are made to the program to enable better rehabilitation 
outcomes to be achieved with the  available resources.  

A key area where greater stakeholder cooperation has the potential to impact rehabilitation 
outcomes is the relinquishment process whereby DMIRS may allow more flexibility in relation to 
relinquishment criteria based on the end land use. As part of the island wide closure plan Parks 
Australia should complete  a scoring assessment of all land that has been and will be relinquished  in 
future, based on this the rehabilitation  Class for each area should then be determined. At this point 
it  is recommended that there is discussion between Parks Australia and DMIRS to agree on the 
quality of rehabilitation  to be achieved at the site and as a result determine the criteria for 
relinquishment that are to be placed on PRL by DMIRS. Throughout this process the Department 
should act as the facilitator and remain actively involved in discussions.  
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The potential benefits that may be achieved through greater stakeholder engagement and 
cooperation are not l imited to the relinquishment process and it is recommended that effort should 
be made to improve communication and collaboration between stakeholders in relation to the 
e¨¥|¨v£Ċ© operational and strategic  aspects, and that these discussions continues across the 
lifetime of the Program.  

4.2.3  hzz¡ ª¥ ¨zv¢~|¤ x¢¥©«¨z vxª~¬~ª~z© ª¥ wz©ª «ª~¢~©z ©ªv¡z}¥¢yz¨Ċ© 
competitive advantages  

In addition to improved stakeholder engagement and cooperation there is the opportunity to better 
leverage ©ªv¡z}¥¢yz¨Ċ© x¥£¦zª~ª~¬z vy¬v¤ªv|z© ª¥ vx}~z¬z ¨z}vw~¢~ªvª~¥¤ ¥«ªx¥£z© vª v ¢¥­z¨ x¥©ªC 
Shifting the responsibility for various closure activities to specific stakeholder groups with skills and 
experience in specific rehabilitation activit ies will allow for better timing and coordination of 
rehabilitation activities, drive cost efficiencies, and increase the incentive during operations to act 
in the best interest of rehabilitation outcomes.   

With the current plan, Parks Australia is using equipment from P RL to conduct earthworks for 
rehabilitation purposes. It is recommended that PRL conduct s and complete the earthworks 
component of the rehabilitation process. This will allow for better timing, coordination and cost 
efficiencies while also increasing the i ncentive for PRL to act in the best interests of rehabilitation 
outcomes during operations. Furthermore, PRL can also incorporate the use of earthworks 
equipment into their mine planning, thereby optimising the times at which the equipment will be 
available for use.  

Following the completion of earthworks by PRL the rehabilitation fields should then be transferred 
to Parks Australia for the completion of planting and maintenance activities. As Parks Australia 
have a thorough understanding of the most suitabl e planting processes and species for Christmas 
Island, removing the requirement for the Parks Australia team to assist with earthworks will allow 
ª}z ªzv£ {¥x«© ª¥ ©}~{ª ª¥ ¦¢v¤ª~¤| v¤y £v~¤ªz¤v¤xzA ¥¦ª~£~©~¤| ª}z «©z ¥{ ª}z ªzv£©Ċ ª~£z v¤y 
expertise.  

It is expected that PRL will be able to conduct the earthworks  more cost effectively than those 
completed under the current arrangement.  It is expected that this saving would be in the range of 
15-25%. 

This process change would require the establishment of cl osure criteria that PRL would be required 
to meet prior to the hand -over of land to Parks Australia. This may include, for example, the depth 
of soil based on the class of rehabilitation, and the required timing for completion of earthworks.   

4.2.4  Score rehabil itation  sites with a greater emphasis  on biodiversity 
value and consider the whole -of-island context rather than ranking 
available sites  

An updated process by which sites are identified for rehabilitation, and the class of rehabilitation 
that is completed,  has been recommended below. We believe that the reliance on a purely 
numerical model does not provide Parks Australia with the nuances and site context required to 
achieve the optimal rehabilitation outcomes.  The recommended process below enables 
consideration of the outcomes of the Christmas Island Strategic Assessment and land use planning 
processes. 

The proposed approach is an iteration of the current process that is completed by Parks Australia 
with only mi nor amendments suggested.  This was considered reasonable as the current process 
incorporates a number of good practices.  We note that there has been a significant amount of work 
that has been completed to understand the biodiversity values of different a reas of the Island 
including geostatistical modelling.  We believe that these can provide useful information to feed into 
the scoring framework but that a simple framework can achieve the desired result.  
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We believe that f inancial and topsoil resources shou ld not be an input into the scoring process.  
Financial and topsoil resources are currently the greatest constraints that the program has and 
therefore a  separate optimisation process should be undertaken following the scoring of sites , so 
that quality hect ares of rehabilitation can be maximised.  We have recommended that a 
rehabilitation feasibility score be included in the assessment which we recognise is somewhat of a 
proxy for cost and topsoil use, however we believe their influence is more balanced in th e process 
outlined.  A simplified illustration of the recommended approach is as follows:  

1.  Score each site by conservation and feasibility to give an overall score out of 100  (weighted 
at 75% for conservation and 25% for feasibility)  

2.  Assess each site in a whole-of-island context and assign a preliminary rehabilitation class  
(including the current status of each site and surrounding sites)  

3.  Optimise the use of financial and topsoil resources and iterate the preliminary rehabilitation 
classes if required.  

The updated process has moved away from rankings available sites in favour for a more empirical 
assessment of value of each site.  This removes to possibility of rehabilitation taking place on a field 
ª}vª ~© ©~£¦¢¯ ª}z ćwz©ª ¥{ v wvy w«¤x}ĈC It should be noted t hat this approach will likely impact the 
continuity of employment of some Parks Australia staff.  

The weight ing ¦¢vxzy ¥¤ ª}z Vww¥ªªĊ© W¥¥w¯ ~© slightly reduced and consequently the weighting 
placed on other species increased. This recommendation aligns wit h the change in the objectives of 
ª}z ¨z}vw~¢~ªvª~¥¤ v­v¯ {¨¥£ ¨z¬z|zªvªzy v¨zv© v~£~¤| ª¥ ¦¨¥¬~yz }vw~ªvª ª¥ Vww¥ªªĊ© W¥¥w~z©A v¤y 
instead looking to find a resource -efficient method to provide a broader array of ecosystem 
services. We do however, acknowlzy|z ª}z ©¯£w¥¢~x ~£¦¥¨ªv¤xz ¥{ ª}z Vww¥ªªĊ© W¥¥w¯, the 
possibility for forested areas neighbouring rehabilitation fields providing  critical habitat for the 
speciesA v¤y ª}z {vxª ª}vª ª}z ª}¨zvª ª¥ ª}z Vww¥ªªĊ© W¥¥w¯ ~© v ¢vx¡ ¥{ ¨¥¥©ª~¤| ¬z|zªvª~¥¤ due to 
historical vegetation clearing activities . i}z Vww¥ªªĊ© W¥¥w¯ ~© v¢©¥ ©«w zxª ª¥ v cvª~¥¤v¢ gzx¥¬z¨¯ 
Plan. We have therefore maintained its weighting greater than  red crabs and the diversity of other 
fauna species of conservation significance (whose threa ts are posed more by the introduction of 
exotic fauna than habitat loss) . We believe that the weighting for red crabs should be considered 
separately to the fauna species diversity  because of the important role that they play in cycling 
nutrients through t he soil profile, therefore leading to healthier soils and better regrowth.  

Larger rehabilitation sites should be identified and prioritized as they provide better economies of 
scale than multiple smaller sites of the same combined area. It is therefore recommended that site 
size be added to the criteria for the assessment of feasibilit y. The updated process also includes 
consideration of visual amenity to provide a better tourism experience and the proximity to 
RAMSAR wetlands. A summary of the recommend ed scoring assessment is outlined in Table 12 . 
Refer to Table 13  for the detailed explanation and quantification of the conservation priority and 
feasibility assessment scoring.  
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Table 12 : Conservation priority and feasibility assessment criteria  

Table 13 : Conservation priority and feasibility assessment scoring  guidance 

Priority  
Conservation 

Value 
Total priority 

value 
Scoring Guidance  

F
a

u
n
a

 c
o

n
se

rv
a

tio
n

 

Site has potential 
to provide habitat 
for multiple species 
of conservation 
importance  

10  0 Not potential habitat for species for conservation importance  

2 Potential habitat for 2 or fewer species of conservation 
importance  

4 Potential habitat for 3 - 4 species of conservation importance  

6 Potential habitat for 5 - 7 species of conservation importance  

8 Potential habitat for 8 - 9 species of conservation importance  

10  Potential habitat for more than 10 species of conservation 
importance  

Proximity to 
Vww¥ªªĊ© w¥¥w¯ 
nesting sites and 
their density.  

20 0 Nesting sites located greater than 3.0 km from field  

4 Nesting sites located within 2.0 -3.0 km of field  

8 Nesting sites located within 1.0 -2.0 km of field  

12 Nesting sites located within 500m -1.0 km of field  

16  Nesting sites located within 50-500 m of field  

20 Nesting sites located within 0-50 m of field   

Potential as red 
crab habitat and 
migration pathway 
usage. 

15 0 Very low importance for migration and low density of crabs in 
surrounding forest ą Number of burrows less than 1 ,000  

3 Low importance for migration and low density of crabs in 
surrounding forest ą Number of burrows between1,000 - 5,000  

6 Low importance for migration and moderate density of crabs in 
surrounding forest ą Number of burrows between 5,000 -10,000  

9 Moderate importance for migration and moderate density of 
crabs in surrounding forest ą Number of burrows between 
10,000 -20,000  

12  High importance for migration and moderate to high density of 
crabs in surrounding forest ą Number of burrows between 
20,000 -50,000  

15 Very high importance for migration and moderate to high 
density of crabs in surrounding forest  ą Number of burrows 
greater  than 50,000  

Priority  Conservation value  Value 
Total priorit y 

value 

Fauna conservation  Site has potential to provide habitat for multiple species of 
conservation importance  

10  

75 

e¨¥®~£~ª¯ ª¥ Vww¥ªªĊ© w¥¥w¯ ¤z©ª~¤| ©~ªz© v¤y ª}z~¨ yz¤©~ª¯ 20  

Potential as red crab habitat and migration pathway usage  15 

Vegetation and 
landscape 
conservation  

Quality of the surrounding vegetation  10  

Contiguous area creation with other fields or national park  10  

Roadside visibility and tourism exposure/benefits  6 

Closeness to RAMSAR sites 4 

Rehabilitation 
feasibility  

Soil cover existing on minefield  10  

25  Site workability - flatness, absence of pinnacles  10  

Site area 5 
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Priority  
Conservation 

Value 
Total priority 

value 
Scoring Guidance  

V
e

g
e

ta
ti
o

n
 a

n
d
 la

n
d
sc

a
p
e

 c
o

n
se

rv
a

ti
o

n
 

Quality of the 
surrounding 
vegetation  

10  0 0-10% of Site surrounded by natural forest, and/or is very 
disturbed and weedy  

2 11-30% of Site surrounded by natural forest, and remainder is 
disturbed or weedy  

4 31- 50% of Site surrounded by natural forest, and remainder is 
disturbed or weedy  

6 51-70% of Site surrounded by natural forest, and/or very few 
weeds 

8 71-90% of Site surrounded by natural forest, and/or very few 
weeds 

10  90-100% of Site surrounded by natural forest, and there are no 
problems with weeds  

Contiguous area 
creation with other 
existing 
rehabilitated or 
relinquished fields 
or National Park 

10  0 0% edge is existing rehabilitated or relinquished fields or 
National Park 

2 1-10% edge is existing rehabilitated or relinquished fields or 
National Park 

4 10-30% edge is existing rehabilitated or relinquished fields or 
National Park 

6 30-70% edge is existing rehabilitated or relinquished fields or 
National Park 

8 70-90% edge is existing rehabilitated or relinquished fields or 
National Park 

10  100 % edge is existing rehabilitated or relinquished fields or 
National Park 

Roadside visibility 
and tourism 
exposure/benefits  

6 0 Not visible from roads or tracks  

2 Partly visible, but set back from track , or visible from mining 
road or trac k 

4 Visible from a tourist track road  

6 Visible from a main road  

Closeness to 
RAMSAR sites 

4 0 No RAMSAR sites within 2 km 

2 RAMSAR site within 2 km 

4 RAMSAR site within 1 km 

R
e

h
a
b
ili

ta
ti
o
n

 c
o

st
 

Soil cover existing 
on minefield  

10  0 Zero soil available  

2 0-250 cm soil available 

4 25-50 cm soil available 

6 50-75  cm soil available 

8 75-100 cm soil available  

10  >100 cm soil available  

Site workability - 
flatness, absence of 
pinnacles 
 

10  
 

0 Sites with a slope standard deviation from Lidar imagery of 
greater than 1 0 are not feasible to rehabilitate and are classified 
as legacy pinnacle for rehabilitation  

2 Slope standard deviation from Lidar imagery of between 8 and 
10 ą indicative of flat and smooth surface  

4 Slope standard deviation from Lidar imagery of between 6 and 8 
ą indicative of small lumps and/or undulations  

6 Slope standard deviation from Lidar imagery of between 4 and 6 
ą indicative of small lumps and/or undulations   

8 Slope standard deviation from Lidar imagery of between 2 and 4 
ą indicative of small lumps and/or undulations   
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Priority  
Conservation 

Value 
Total priority 

value 
Scoring Guidance  

10 Slope standard deviation from Lidar imagery of between 0 and 2 
ą indicative of lumpy, low pinnacles and/or sloping ground   

Site area 5 0 Less than 1 hectare  

1 Between 1 ą 2 hectares  

2 Between 2 ą 5 hectares  

3 Between 5 - 10  

4 Between 10 ą 15 hectares  

5 Greater than 15 hectares  

 

4.2.5  Rehabilitation classes  

Seven rehabilitation classes have been developed based on the findings of this review. If 
implemented, these new classes will create greater variance between the rehabilitation activities 
for sites, providing more options for final land uses and optimising the u se of resources to maximise 
island wide conservation outcomes. One of these classes includes the consideration of other land 
uses for sites where there would be only minimal conservation benefit in rehabilitating the land, 
such as sites close to the Detent ion Centre and the Settlement. Rehabilitation classes will be 
assigned to relinquished areas based on the outcomes of the site scoring process.  

Rehabilitation objectives for each class should consider the biodiversity conservation values of the 
surroundin g area, and also consider what is likely to be achievable using the available knowledge 
and methods, and with the  resources that  can practically be obtained at a reasonable cost. This 
should include consideration of the availability of long -term funding for monitoring and 
maintenance activities to occur for sufficient time for the site to become self -sustainable.  To the 
extent practicable, the objectives will need to ensure a safe, stable and self -sustaining site , and for 
sites with a rehabil itation objective, provide  some conservation values (e.g. shade, some litter and 
access for crab migration).  

Classes A and B will provide the highest conservation outcomes, with methodologies similar to that 
current used, with modifications recommended to reduce resource consumption. Class es C and D 
provide alter native methodolog ies for sites where some conservation outcome is required based on 
the results of the scoring process but where the rehabilitation cost prohibits the completion of 
higher quality si te wide rehabilitation. The Legacy Pinnacles class has been established for legacy 
pinnacle fields where it is not feasible to rehabilitate the field using intensive rehabilitation 
methodologies, but there would be benefit in completing low level rehabilit ation. The Alternate land 
uses class is designed for areas where it is recommended to not utilise resources on these sites in 
order to better allocate funding to higher priority areas. For these sites it is not considered 
worthwhile to aim for a conservati on land use, and instead alternate land uses may provide a 
greater net benefit to not only these sites, but to the overall conservation outcomes of the Program 
as a result of improved funding allocation.  

Class A 

Objective:  To establish a full canopy cover with high flora species diversity that reflects 
surrounding forest areas and restricts the establishment of weed species. Provides habitat for a 
variety of fauna species and facilitates red crab migration.  

Class A rehabilitation is designed for sites with high and very high conservation values and low 
rehabilitation cost as determined through the scoring assessment. For these sites, given the high 
feasibility for rehabilitation the highest level of rehabilitation should be completed to provide 
conservation benefits.  
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Class B 

Objective: To establish a full canopy cover with low flora species diversity that commences 
nutrient cycling patterns  and restricts the establishment of weed species . Provides habitat for a 
variety of f auna species and facilitates red crab migration.  

Class B rehabilitation is designed for sites with high and very high conservation values and medium 
to high rehabilitation cost, and sites with medium conservation value and low rehabilitation cost as 
determ ined through the scoring assessment. For these sites given the lower feasibility of 
rehabilitation, or lower conservation values of the site it is not considered optimal use of resources 
to complete rehabilitation to the highest standard as defined for Cla ss A. It is therefore considered 
more appropriate to implement a rehabilitation process that will still achieve some conservation 
benefits but at a lower resource intensity.  

Class C 

Objective: To establish full canopy cover with low flora species diversit y over a restricted area  
while minimising topsoil usage . Provides passages for fauna species to migrate.  

Class C rehabilitation is designed for sites with medium to high conservation values and medium to 
high rehabilitation cost  as determined through the scoring assessment, with the overall priority of 
these sites not deemed to be as important as sites selected for Class A and Class B rehabilitation. It 
is therefore recommended that the rehabilitation process is further scaled back with rehabilitation 
to be completed in 50 metre wide strips with 100 metre gaps between strips across the field 
utilising the Class B rehabilitation methodology. This process will achieve some conservation 
benefits but at a lower resource intensity than Class B which is appropriat e given the lower site 
priority.  

Class D 

Objective: To establish full canopy cover with low flora species diversity using mechanical weed 
management techniques until canopy cover is established. Provides passage for fauna species to 
migrate.  

Class D rehabilitation  is designed for sites with medium conservation values and areas where 
remnant topsoil is available. Class D aims to provides rehabilitation that minimises financial 
expenditure while still obtaining an extended area of contiguous rehabilitation.  Species that are 
planted will be limited in diversity and will be planted in rows 3.5  metres apart to enable the 
passage of a small tractor to facilitate mechanical weed management across the site.  Once a 
canopy cover has been established across the 3.5  metre  rows, weed management will then be 
reduced. 

Legacy Pinnacle  

Objective: Restrict the spread of invasive species away from these areas to the surrounding 
environments.  

The Legacy Pinnacle class is designed for legacy pinnacle fields where it is not financially viable to 
fully rehabilitate the site, although there would be some benefit in completing limited rehabilitation 
activities to prevent invasive species from enteri ng the field.  Legacy pinnacle sites are the least 
desirable class of rehabilitation and are to be restricted to sites that have not been mined 
historically and have never been actively mined by PRL.   

Alternate land uses  

Objective: To provide areas for future socio -economic benefits to the people of Christmas Island.  

For areas with low conservation value, and medium conservation value with very high rehabilitation 
cost as determined through the scoring assessment it is recommended that alternate land use s are 
investigated. As there are not conservation outcomes driving the completion of rehabilitation on 
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these areas it is therefore not considered a worthy investment to complete rehabilitation on these 
areas, with funding better directed towards higher pri ority sites.  

This closure option is particularly recommended for sites that are in close proximity to existing 
developed areas where it may be possible to generate socio -economic benefits through alternate 
land uses such as agriculture, tourism and light industrial processes. This rehabilitation class may 
also provide opportunities for the creation of jobs which will be of greater importance to the Island 
following the cessation of mining.  

Do nothing  

Objective: To minimise rehabilitation costs by leaving sites with established  regrowth as is.  

For areas with established regrowth, and where it is feasible to do so, it is recommended that a do 
nothing approach is taken. This would require a change to current mining lease conditions. The do 
nothing approach  will minimise the overall cost of rehabilitation allowing funding to be targeted to 
sites where it will be more beneficial to complete rehabilitation.  

4.2.6  Investigate whether there is scope to use topsoil stockpiles that 
have established regrowth  

There are a number of topsoil stockpiles that are currently assumed to be non -viable due to natural 
revegetation of the dumps.  The EY team were provided data for four stockpiles that Parks Australia 
had classified as non-viable. An assessment of these stockpiles (the ou tcomes of which are detailed 
in Table 14) demonstrates that if the topsoil was re -won and used for rehabilitation works, it would 
result in almost five times the area of  the current revegetation could be achieved.  

This assumes that Class B rehabilitation is undertaken which will lead to a reduction in the quality of 
the rehabilitation, however it may prove to be beneficial overall.  An analysis of quality hectares of 
the r evegetation would be able to demonstrate if there is advantage to the plan from a biodiversity 
perspective.  This should be completed for all classes of rehabilitation to determine what outcome 
provides the maximum number of quality revegetation hectares.  Discussion with the regulator 
would be required before proce eding with the assessment to understand whether there is the 
appetite to consider clearing the current vegetation.  

Table 14 : Assessment of a sample of non -viable topsoil stockpiles  

Stockpile 
reference  

Total (Kt)  
Surface 

area (ha)  
Potential area of Class B 

rehabilitation (ha)  
Comment  

4AC1 24 0.68  3.20  Unavailable - on Hidden Garden lease 

22D 11 0.46  1.47  Naturally rehabilitated - no further resource available  

25E 102  2.63  13.60  Naturally rehabilitated - no further resource available  

25F 85 2.64  11.33  Naturally rehabilitated - no further resource available  

Total  6.41  29.60   

4.3  Operations  

4.3.1  Operational trials  

It is recommended that in future, trials should focus on the design, establishment, and management 
of rehabilitation implemented according to the classes, objectives, and methods described in 
Sections 4.3.2, 4.3.3, 4.3.4 and 4.3.5. S pecifically, trials need  to focus on:  

Ʒ Systematic design, trials need to be well designed, focus on common objectives and the overall 
strategy, and capable of providing feedback that answers key questions pertaining to 
rehabilitation establishment, management and long -term sustain ability .  
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Ʒ Rehabilitation establishment and management on an operational scale, to account for 
variability across pits likely to influence rehabilitation establishment and development. This is 
particularly important when investigating aspects such as topsoi l depths and quality.  

Ʒ Practical operational methods, for example direct seeding (if it is decided that this is worth 
investigating further, based on previous trials and known challenges), and planting density 
trials, to determine the optimal planting density for recommended Classes A, B and C, and the 
effects of tree spacing on tree health, growth and the extent of weed competition . 

Ʒ Soil sampling should be conducted prior to fertiliser trials, to more accurately determine 
fertiliser needs and effects. Also, trials should be based on specific nutrients and determining 
the amounts required for acceptable plant growth (as opposed to comparing commercially 
available fertilisers) . 

Ʒ Long term rehabilitation management and maintenance to determine  whether  contr ol of 
particular weed species  can be reduced or ceased earlier, without significantly impacting on 
long term rehabilitation outcomes and sustainability  of the site.  

With topsoil availability being a limiting factor for the area of rehabilitation that can be completed 
on the island, it is important  to establish what depth is required to support successful rehabilitation 
and in turn optimise topsoil usage. It is therefore recommended that a  key operational scale trial is 
established to determine the viable soil depth s and quality to support successful  Class A, B and D 
rehabilitation . We recommend that the trials incorporate  the following aspects:  

Ʒ Class A, B and D rehabilitation  classes 
Ʒ Two topsoil depths of 0.6 metres and 0.9 metres  
Ʒ Two qualities of topsoil, representative of the likely range in quality of the topsoil available to 

be used in future rehabilitation . 

This would require twelve plots to be set up . The trial should be located  on a fairly uniform trial site 
with a plot size that is compatible with av ailable earthmoving equipment, for example 50 metres by 
50 metres, or as appropriate. Other rehabilitation processes  during the trial  are follow  the 
methodolog ies described below for each class.  

These topsoil trials may be completed simultaneously with th e development of the island wide 
closure plan, during this period there will also be the requirement to continue with the maintenance 
and monitoring of existing rehabilitation fields.  

While the completion of other well documented, scientific trials for oth er parameters is 
recommended in the future, topsoil trials should be prioritised initially prior to any further 
rehabilitation commencing. Additional future trials may include investigation into:  

Ʒ Plant spacing, including trialling of 3.5 meter spacing, wh ich would allow for weed control 
using ploughs 

Ʒ Fern application  
Ʒ Fertiliser  
Ʒ Weed control  
 
The recommended methodologies for each class, which may be subject to change following the 
results of any trials, are outlined for each class below and in Table 15 .  

4.3.2  Class A methodology  

Earthworks practices  

The first step in the earthworks process for Class A rehabilitation involves deep ripping of the 
surface layer with a dozer to create rip lines that will allow penetration of roots. This is to be 
followed by the placement of fern material or other available organic matter to increase soil organic 
carbon.  
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Figure 18 : An example of an extensive fern field at Field 17  

The most common way organic matter i s incorporated into reinstated soil profiles in rehabilitation 
on the mainland is a mulch sourced from the existing vegetation prior to stripping. This is 
potentially an option for Christmas Island, but the volumes available may not be viable for use as a 
carbon source.  During the site visit, soils that had treated or mulched sword fern material placed 
within the profile were of significantly higher quality than nearby areas without this treatment. 
These ferns establish rapidly with substantial areas dominat ed by them across the island. There is 
potential for these areas to be harvested as a source of carbon to improve the quality of the 
available topsoil. As is already current practice , the fern material should be placed below 0.5  
metres of soil to prevent a ny propagules from establishing while allowing for the best use of the 
sword fern nutrients by the roots of the target vegetation.  

As noted in the 2018/19 Annual Report, c over crops are another potential source of organic 
carbon but  are only likely to inc rease carbon levels in the upper profile. Nonetheless, cover crops 
offer an option to prolong the short rehabilitation window available each year. Cover crops can be 
planted prior to known wet periods when earthworks are not recommended to stabilise the ar ea and 
supress weed growth until more favourable conditions are available. This allows additional time to 
plan rehabilitation activities. Consideration should be given to the type of cover crop used and only 
annual varieties selected to prevent the cover c rop from becoming a weed itself.  

Topsoil is to be transported from the nearest stockpile, or a stockpile most appropriate as 
determined through the results of soil quality trials and the island wide closure plan and placed on 
the field prior to being dozer  pushed to a depth as determined through topsoil trials. At this stage a 
broad fertiliser is to be applied across the topsoil and the topsoil is then to be shallow ripped along 
the contour.  

Some trialling of alternative ripper tines would be advisable to compare the dimensions and profiles 
of furrows formed and to identify the optimum methodology. Wide furrows with relatively low side 
slope gradients are likely to be more persistent and cause less spatial variability over short 
distances than narrow furrows  with steep side slopes. 

Frequency of access tracks  

The frequency of access tracks in Class A rehabilitation should be reduced from the current level to 
decrease the potential for weed growth along tracks.  Suggested minimum distance between tracks 
is 40 metres.   

Planting practices  

The species mix is to remain similar to that currently used by Parks Australia, being the forest mix 
with a reduced species diversity that is informed by the topsoil quality on the site. Species  that 
readily colonise naturally (e.g. from fauna or from surrounding natural sites) should also be 
removed from the species mix.  Plants are to be planted at 1.5 metre  by 1.5 metre  spacings directly 
into shallow rip lines. The addition of a fertiliser  tablet and water holding crystals to the seedlings is 
to continue as per the current methodology  on a case by case basis.  
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Maint enance practices  

Following primary plantings weed control is to continue using the current methodology established 
by Parks Austral ia. Although this process is resource intensive the risk of weeds is significant 
during the early stages of rehabilitation and it is therefore recommended to continue with this 
intensive process. It may be possible to reduce the frequency of maintenance ac tivities, and it is 
recommended that trials are completed into reducing the frequency of maintenance activities.  

If there is insufficient rain following primary plantings watering of the site is recommended to 
prevent plant death.  

Secondary plantings are  to be completed in Class A rehabilitation fields with an allowance to also be 
made for infill plantings.  There is to be an allowance for infill plantings.  

The fertiliser program is to be m odif ied to better address nutrient requirements in particular usin g a 
High N fert iliser (such as Urea). During the site visit, Parks Australia also raised the opportunity to 
potentially use biosolids.  We recommend that the use of biosolids continues to be considered as it 
could provide a local source of nutrients, howeve r the benefits should be weighed against the risk 
before a final decision is made.  

4.3.3  Class B methodology  

Earthworks practices  

The first step in the earthworks process for Class B rehabilitation involves deep ripping of the 
surface layer with a dozer to creat e rip lines that will allow penetration of roots. This is to be 
followed by the placement of fern material or other available organic matter to increase organic 
carbon.  

Topsoil is to be transported from the nearest stockpile, or a stockpile most appropria te as 
determined through the results of soil quality trials and the island wide closure plan, and placed on 
the field prior to being dozer pushed to a depth as determined through topsoil trials. At this stage a 
broad fertiliser is to be applied across the topsoil and the topsoil is then to be shallow ripped along 
the contour.  

Some trialling of alternative ripper tines would be advisable to compare the dimensions and profiles 
of furrows formed and to identify the optimum methodology. Wide furrows with relati vely low side 
slope gradients are likely to be more persistent and cause less spatial variability over short 
distances than narrow furrows with steep side slopes. 

Frequency of access tracks  

The frequency of access tracks in Class B rehabilitation should be  minimised to reduce the potential 
for weed growth along, and adjacent to, tracks.  

Planting practices  

The species mix is to remain similar to that currently used by Parks Australia, being the tough mix 
with a reduced species diversity that is informed by  the topsoil quality on the site. Species  that 
readily colonise naturally (e.g. from fauna or from surrounding natural sites) should also be 
removed from the species mix.  Plants are to be planted spacings determined through trials directly 
into shallow rip  lines. The addition of a fertiliser  tablet and water holding crystals to the seedlings is 
to continue as per the current methodology  on a case by case basis.  

Maint enance practices  

Following primary plantings weed control is to continue using the current  methodology established 
by Parks Australia. Although this process is resource intensive the risk of weeds is significant 
during the early stages of rehabilitation and it is therefore recommended to continue with this 
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intensive process. It may be possible to reduce the frequency of maintenance activities, and it is 
recommended that trials are completed into reducing the frequency of maintenance activities.  

If there is insufficient rain following primary plantings watering of the site is recommended to 
prevent plant death. There is to be an allowance for infill plantings.  

The fertiliser program is to be modified to better address nutrient requirements in particular using a 
High N fertiliser (such as Urea).  During the site visit, Parks Australia also raised the opportunity to 
potentially use biosolids.  We recommend that the use of biosolids continues to be considered as it 
could provide a local source of nutrients, however the benefits should be weighed against the risk 
before a final decision is made.  

4.3.4  Class C methodology  

Class C rehabilitation is to be completed following the methodology outlined above for Class B, 
however rather than completing rehabilitation across the site rehabilitation is to be completed in 
strips of 50 metre width across the site with 1 00 metre gaps between planted strips creating 
corridors for fauna habitat and migration. It is recommended to consider the planting of tough 
species that will grow quickly and create canopy cover such as Pandanus elatus along the edges of 
the corridors to prevent the spread of weeds into the rehabilitated strip.  

4.3.5  Class D methodology  

Earthworks practices  

Earthworks are minimal for Class D sites with remnant topsoil optimised. Ripping is undertaken 
using a tractor plough at a space of 3.5  metres to facilitate  future weed management using 
tractors.  

Frequency of access tracks  

Access tracks are not required as there is adequate spacing between planting rows to allow access.  

Planting practices  

The species mix is to remain similar to that currently used by Parks A ustralia, being the tough mix 
with a reduced species diversity that is informed by the topsoil quality on the site. Species  that 
readily colonise naturally (e.g. from fauna or from surrounding natural sites) should also be 
removed from the species mix.  Plants are to be planted at 1. 5 metre  spacing into the plough 
furrows which are 3.5  metre  apart . The addition of a fertiliser tablet and water holding crystals to 
the seedlings is to continue as per the current methodology on a case by case basis.  

Maint enance practices  

Following primary plantings weed control is to be completed mechanically using a tractor and 
plough driven between the rows of trees. The fertiliser program is to be modified to better address 
nutrient requirements in particular using a High N  fertiliser (such as Urea).  

4.3.6  Legacy Pinnacle  methodology  

Earthworks practices  

An access track should be created through the field for employees to gain access for planting and 
maintenance purposes. No additional earthworks are to be completed on legacy pinn acle sites.  

Frequency of access tracks  

A single access track should be created along the length of  legacy pinnacle sites.  
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Planting practices  

It is not considered a valuable use of resources to use seedlings in legacy pinnacle fields, therefore 
planting will be completed by seeding of the pinnacle field. V £~® ¥{ ĉª¥«|}Ċ ©¦zx~z© ©}¥«¢y wz 
selected that are likely to survive in shallow, low quality soils.  We recommend seeds are scattered 
into depressions within the pinnacle field rather than being pushed b elow the soil surface.  

Maint enance practices  

Minimal maintenance is recommended for the legacy pinnacle sites.  An initial course of weed 
management is recommended if weed infestation is significant and risks impacting neighbouring 
sites. 

4.3.7  Do nothing  methodology  

V¨zv© ª}vª }v¬z wzz¤ v©©~|¤zy v© ćy¥ ¤¥ª}~¤|Ĉ v¨zv© ~¤y~xvªz ª}vª ¥¤|¥~¤| £v¤v|z£z¤ª v¤y 
maintenance is not required.  Consideration should be given to transitioning the area to its ultimate 
land use (e.g. incorporating into the National Park).  
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Table 15 : Recommended rehabilitation classes  

Rehabilitation 
Class 

Earthworks process  Planting process  Maintenance process  Subsequent years maintenance 
process  

Class A  Ʒ Deep rip underlying surface with 
dozer 

Ʒ Place fern material or other 
available organic matter  

Ʒ Place topsoil  

Ʒ Dozer push topsoil to depth  of 1  
metre , to be confirmed  through 
topsoil trials  

Ʒ Broad fertiliser application  

Ʒ Shallow rip along the contour   

Ʒ Assess topsoil quality  

Ʒ Select species mix based on soil 
quality  

Ʒ Forest mix, with reduced species 
diversity  

Ʒ Plant spacing 1.5 metre  x 1.5 
metre  or based on trials  

Ʒ Plant seedling straight into 
shallow rip lines  

Ʒ Fertiliser  tablet  

Ʒ Water holding crystals  

Ʒ Weed control using current 
processes  

Ʒ Water if rain is insufficient  

Ʒ Conduct trials on viability of 
reducing maintenance frequency  

Ʒ Apply fertiliser, not targeted to 
base of trunks   

Ʒ Secondary plantings  

Ʒ Allow for infill plantings  

Ʒ Continue with weed control using 
current process es  

Ʒ Fertilise annually for 2 -5 year 
following planting prior to wet 
season  

 

Class B Ʒ Earthworks process as per Class 
A, with topsoil depth of 0.5  
metre s to be confirmed through 
topsoil trials  

 

Ʒ As per Class A but with a tough 
mix, with reduced species 
diversity  but including tree 
species that will grow to provide a 
high dense canopy 

Ʒ Plant spacing based on trials  

Ʒ Maintenance process as per Class 
A  

Ʒ Allow for infill plantings  

Ʒ Continue with weed control using 
current process es  

Ʒ Fertilise annually for 2 -5 year 
following planting prior to wet 
season  

Class C Ʒ Rehabilitation of site to be completed to Class B standard across strips of land 50  metre  wide with 100  metre  gaps as opposed to across the entire site. Refer to 
processes described for Class B rehabilitation.  

Class D Ʒ Deep rip field with in -situ topsoil 
at 3.5  metre  intervals  

Ʒ Broad fertiliser application  

Ʒ As per Class B but with planting 
occurring within the rip lines at 
3.5  metre  width and 1.5  metre  
along the rip lines  

Ʒ Mechanical maintenance of weeds 
using tractor and plough run 
between planting rows ą likely to 
be required four times in the first 
year 

Ʒ Reduced mechanical maintenance 
of weeds to once per year.  

Legacy p innacle  Ʒ Create access track through field  

Ʒ No additional earthworks  

Ʒ Direct seeding of pinnacle field  
with tough mix   

Ʒ Limited weed control  

 

Ʒ Limited weed control  

Investigate 
alternate land 
uses  

Reduce resource use on rehabilitation for sites with low conservation outcomes which are in close proximity to existing developed ar eas for alternate land uses that 
will provide economic benefits. These may include  agriculture , tourism, light Industrial   

Do nothing  Sites do not require active management.  
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4.4  Fertiliser  

4.4.1  The fertiliser program should be modified to better address 
nutrient requirements   

It is recommended that the fertiliser program be  amended to include:  

Ʒ At planting:  
Ʒ 150 kg/ha of Apex Poly On N Slow Release (5 -6 months).  
Ʒ 100 kg/ha of Potassium Sulphate.  
Ʒ 40 kg/ha of Trace elements.  

Ʒ Follow up: 
Ʒ 100 kg/ha of Apex Poly On N Slow Release (5 -6 months) per year for years 2 and 3  

The recommended applications of Apex Poly On N Slow Release (5-6 months) (N: 42%, P: 0%, K: 0%, 
S: 0%) and Potassium Sulphate (N: 0%, P: 0%, K: 42%, S: 17%) will supply 63 kg of nitrogen, 42 kg of 
potassium and 17 kg of sulphur per hectare in the first year. A n additional 42 kg of nitrogen per 
hectare will be supplied in years 2 and 3.The proposed fertiliser program removes placement of 
native plant pills and liquid fertiliser applications from the rehabilitation practices applied in the 
field. Both plant pills  and liquid fertiliser can provide value when used in a nursery setting, but when 
applied to broad -scale rehabilitation works, they are costly and labour intensive ways to deliver a 
relatively low quantity of plant nutrient. As well, plant pills provide a concentrated source of 
nutrients close to the plant base, which can be detrimental in rehabilitation development, as the 
lack of nutrient in the broader soil matrix discourages the roots from spreading.  

An estimate of the costs associated with the current and proposed fertiliser programs for the 
rehabilitation on Christmas Island is provided in  Table 16 . Costs are based on prices provided by 
Parks Australia staff.  

Table 16 : Estimated fertiliser costs  

Rehabilitation year  Fertiliser Program Cost ($)  

Current  Proposed 

1 $1,667  $994  

2 $392  $502  

3-5 $651  $502  

Total $2,711  $1,999  

The yearly costing provided in Table 16  does not include freight. However, the kilograms of 
fertiliser required per hectare would reduce from 420kg (current) to 290kg (proposed) in the first 
year but remain identical at 100kg for ea ch subsequent year. Therefore, the proposed change in 
fertiliser program could be expected to achieve a reduction in overall freight costs.  

4.4.2  Additional organic carbon sources  should be included on 
rehabilitation fields  

The most common way organic matter in  incorporated into reinstated soil profiles in rehabilitation 
on the mainland is a mulch sourced from the existing vegetation prior to stripping. This is 
potentially an option for Christmas Island, but the volumes available may not  be sufficient to be 
viable for use as a carbon source. However, during the site visit, soils that had treated or mulched 
sword fern material placed within the profile were of significantly higher quality than nearby areas 
without this treatment. These ferns establish rapidly with  substantial areas dominated by them 
across the island. There is potential for these areas to be harvested as a subsequent source of 
carbon to improve the quality of the available topsoil. The fern material should be placed below 0.5  
metre  depth of soil to prevent any propagules from establishing while, at the same time, allowing 



 

Department of Infrastructure, Transport, Regional Development and Communications   
Christmas Island Mine site to Forest Rehabilitation (CIMFR) Program Review 
A member firm of Ernst & Young Global Limited  Liability limited by a scheme approved under Professional Standar ds Legislation 

EY ö 56  
 

for the best use of the mulch by the roots of the target vegetation. (The majority of weed roots will 
not extend past 0.5  metres, with the result that weeds will n ot benefit from mulch placement.)  

Cover crops are potentially another source of organic carbon but are only likely to increase carbon 
levels in the upper profile. Nonetheless, cover crops offer an option to prolong the short 
rehabilitation window availabl e each year. Cover crops can be planted prior to known wet periods 
when earthworks are not recommended to essentially stabilise the area and supress weed growth 
until more favourable conditions are available. This allows additional time to plan rehabilitat ion 
activities. Consideration should be given to the type of cover crop used and only annual varieties 
should be selected to prevent the cover crop from becoming a weed itself.  

4.4.3  Biosolids may potentially be used as a source of nutrients and 
carbon  

The Australian and New Zealand Biosolids Partnership (Fact sheet 3) notes that:  

Biosolids are treated sewage sludges. Biosolids are a product of the sewage sludge once it has 
undergone further treatment to reduce disease causing pathogens and volatile organic matt er 
significantly, producing a stabilised product suitable for beneficial use.  

Biosolids may contain:  

Û bvx¨¥¤«ª¨~z¤ª©A ©«x} v© ¤~ª¨¥|z¤A ¦}¥©¦}¥¨«©A ¦¥ªv©©~«£ v¤y ©«¢¦}«¨  

Û b~x¨¥¤«ª¨~z¤ª©A ©«x} v© x¥¦¦z¨A °~¤xA xv¢x~«£A £v|¤z©~«£A ~¨¥¤A w¥¨¥¤A £¥¢¯wyz¤«£ and 
manganese  

Biosolids may also contain traces of synthetic organic compounds and metals, including arsenic, 
cadmium, chromium, lead, mercury, nickel and selenium. These contaminants limit the uses to 
which biosolids can be put, with all applications re gulated by appropriate government authorities in 
each State and federally . 

Dried biosolids can contain 2% Nitrogen and 0.9 % Phosphorous, and commonly contain 
approximately 30% organic carbon.   

Because nutrients are largely held in organic form, biosolids  typically not only add carbon to soil 
with potential to improve soil structure, but also act as slow -release sources of a wide range of 
plant nutrients.  

Commonly, for mine rehabilitation purposes, the supply of biosolids from available municipal waste 
water treatment plants can be relatively low and limited relative to the quantities that could be 
used. Nonetheless, there is potential value in:  

Ʒ Assessing the likely quantity and quality of biosolids that would be locally available annually  
Ʒ Investigating the  use of biosolids as a remedial treatment for topsoil stockpiles of low or 

moderate quality.  

4.4.4  An assessment of all topsoil stockpiles available for rehabilitation 
should be conducted to assess quality and required inputs prior to 
use 

It is recommended that an inventory of all topsoil stockpiles available for use is conducted to assess 
the quality of each stockpile and to identify any input requirements (fertiliser, organic carbon, etc.) 
to achieve successful rehabilitation prior to use. This will also allow any stockpile assessed as high 
quality to be potentially used for rehabilitation areas with high ecological value that require a gold 
class finish.    
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Analysis of each stockpile should, at least, include the following physical soil properties:  

Ʒ Field textur e, pedality and structure  
Ʒ Colour and mottles  
Ʒ Percentage of coarse fragments (rock) and segregations  
Ʒ Soil surface condition (cracking, hardsetting, cover, etc.).  

A full laboratory analysis should also be included in the assessment to assess any chemical 
limitations and assess the available nutrient levels. The following suite is recommended:  

Ʒ Soil pH, electrical conductivity, chloride  
Ʒ Exchangeable cations (with calculations of effective cation exchange capacity and 

exchangeable sodium percentage)  
Ʒ Total nitrogen and phosphorous; available phosphorous (due to background phosphorus levels 

this may not be required), potassium, and sulphur; organic carbon and micronutrients  
Ʒ Particle size analysis and texture . 

4.5  Monitoring  

Recommended improvements to the monito ring program are applicable across all rehabilitation 
classes as there are opportunities for the monitoring process to be improved Program wide, which 
will generate more useful monitoring data enabling better insights into the performance of the 
Program to  be obtained. It is however recommended that further investigation is completed into 
the possibility of reducing the monitoring effort for Class B, C and Legacy Pinnacle rehabilitation.  

4.5.1  Monitoring trans ects should be established in unmined reference 
sites   

It  is recommended that in future monitoring, transects should also be established in unmined 
reference sites typical of the surrounding rain forest vegetation. For most rehabilitated sites 
inspected, one reference site should be sufficient; however, for very large sites, or those where 
there is greater variability in the surrounding unmined vegetation, two may be required.   

4.5.2  Rapid assessment techniques including drones should be 
implemented as part of the monitoring process to complete site 
wide monitoring   

The use of drones to monitor development of rehabilitation is becoming more common across the 
industry. These have potential as a rapid assessment tool for monitoring the development of 
rehabilitation on Christmas Island, specifically aspects such as tre e density, cover and health, and 
the presence of bare areas and significant erosion. However, they do have limitations. After 
rehabilitation grows to a height of 3 -4 metres and the canopy starts to close, the information 
drones can provide becomes more limited, including key information such as the development of 
ground cover and leaf litter, presence and extent of minor erosion, and understorey growth, cover 
and diversity. It is recommended at this stage that drones be trialled  as a rapid assessment method 
for early rehabilitation performance  with initial calibration to be completed through a university 
research program over the next approximately three years.  

During the dr one calibration process, another rapid assessment technique is recommended to be 
implemented to assess overall performance across each rehabilitated site. This procedure would be  
very similar to that  developed at for the Hunter Valley , and described earlie r in Finding 29 , and 
which the EY team utilised in a slightly modified form at 10-year-old Field 24 South to obtain an 
independent assessment of rehabilitation performance and likely sustainability. Similar rapid 
performance assessment procedures have been  utilised at Tiwest mineral sands mine in Western 
Australia, and other mines. It relies on operators with a good knowledge of rehabilitation 
performance standards at the mine to subjectively assess this at a number of sites selected 
systematically to ensur e full and comparatively uniform coverage of the rehabilitated area.  
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It is therefore recommended that the Rehabilitation Performance Assessment procedure described 
in Appendix F be adopted to assess the performance of older rehabilitation across the whole  of the 
rehabilitated site and determine whether it is close to meeting its standards, and therefore meeting 
rehabilitation objectives, enabling maintenance to cease.  

Once these techniques have been implemented for several years, their suitability as a re placement 
for the current monitoring program should be considered as this would result in cost savings.  

4.5.3  Measurement of critical soil properties should be included in the 
monitoring process  

For revegetat ed sites, it should be noted that some soil properties  ą although important for plant 
growth ą will show little change through time.  Other soil properties can change significantly through 
time in response to plant growth.  As a revegetated area develops, changes in that latter group of 
soil properties will be key to identifying revegetation success.  

Soil monitoring will usefully collect:  

a) Initial sample: providing baseline data to establish whether the soil ą as prepared for 
rehabilitation ą is consistent with established target values for the full range of key soil 
properties.  (Typically sampled 6 -12 months after completion of revegetation works, at the 
same time of year as all subsequent sampling will be done.  

b) Routine samples to track changes in key soil properties.  (Typically sampled at a 2 ą 3 year 
interval,  depending on the degree of change in soil properties that is shown by sample 
analyses.) 

Sampling depths should be consistent with those recommended earlier: 0 ą 100, 100 ą 300, 300 ą 
600 mm.  

For all three sampling depths, initial samples  should be analysed for:  

Ʒ pH 
Ʒ Electrical conductivity (1:5 soil:water suspension)  
Ʒ Chloride 
Ʒ Exchangeable cations and Cation Exchange Capacity 
Ʒ Organic Carbon 
Ʒ Total Nitrogen  
Ʒ Total Phosphorous 
Ʒ Extractable Phosphorous (Colwell method)  
Ʒ Available Potassium (Colwell method)  
Ʒ Sulphate 
Ʒ Trace elements (Zn, Cu, B, Mn). 

For routine samples, depending on data obtained during the initial sampling, the above list could be 
reduced (for all three depths) to:  

Ʒ Organic Carbon 
Ʒ Total Nitrogen  
Ʒ Extractable Phosphorous (Colwell method)  
Ʒ Available Potassium (Colwell method)  
Ʒ Sulphate. 

Data obtained should be assessed by a qualified Soil Scientist. The data review should not only 
consider rehabilitation progress for each site sampled, but make recommendations with respect to 
any aspects of the soil developm ent that may require additional inputs to ensure continued 
progress, and any modifications required with respect to timing of the next sampling and analyses 
carried out.  
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4.5.4  The frequency of fauna monitoring may be reduced   

It is not clear how much time is spent on fauna monitoring, but if this is thought to be considerable, 
then for most fauna groups it might be worth considering reducing the fauna monitoring program 
to only surveying 10 year old, and possibly 5 year old sites as colonisation patters are st arting to 
become apparent. The exception to this would be Red Crabs presence and their burrows. This 
appears to vary between rehabilitated sites and ages . The factors influencing this are not clear, and 
could possibly change if, for example, riplines are u sed and provide small slopes suitable for 
burrowing .  

 



 

Department of Infrastructure, Transport, Regional Development and Communications   
Christmas Island Mine site to Forest Rehabilitation (CIMFR) Program Review 
A member firm of Ernst & Young Global Limited  Liability limited by a scheme approved under Professional Standar ds Legislation 

EY ö 60  
 

5.  Assessment of un -rehabilitated former mine sites  

5.1  Introduction to future rehabilitation requirements  

There remains a significant area of mining land that still requires rehabilitation . This includes area 
that has been relinquished by PRL as well as current mining tenure that will be relinquished at some 
point in the future. It is apparent that rehabilitation practices will need to change from the current 
methodology if the objective of the program is to  achieve some level of rehabilitation across all 
sites.  

Currently 336 hectares have been relinquished ( Figure 19), based on PRL relinquishment 
schedules, with a furthe r 1,636 hectares retained on mine lease that will be relinquished in the 
future. Parks Australia believe, however that the actual relinquished area is approximately 138 
hectares and is significantly lower than the scheduled relinquished area determined by PRL due to 
the exclusion of sites with infrastructure on them, or sites with alternate land uses . These include: 

Ʒ Jindalee Radio Tower (18.3 hectares)  
Ʒ Airport Weather Station (6.6 hectares)  
Ʒ Central Area Workshop (3.6 hectares)  
Ʒ Rubbish Tip (19.3 hectares)  
Ʒ Hidden Garden (63.1 hectares)  
Ʒ Light Industrial Area  (8.9 hectares)  
Ʒ IDC North West Point (43.4 hectares)  

To date rehabilitation has been completed across 11 5 hectares of relinquished land through the 
CIMFR Program (Figure 2), resulting in 1,85 7 hectares of both relinquished and unrelinquished 
mine lease land that possibly still  require s rehabilitation , although we note that some rehabilitation 
has already occurred on mine lease .  

Figure 19 : Map of areas relinquished by PRL by year  
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Ongoing rehabilitation activities  will continue to rely on the availability of topsoil . There are an 
estimated 1. 16  million tonnes of topsoil curren tly available  (Table 17) which we have estimated 
equates to appr oximately 775,000  m3 (using an assumed density of 1. 5 t/m 3). There may also be 
an additional 742 kiloton ne (almost 500,000 m 3) of  stockpiles added to the backfill stockpile list if 
found to not contain commercial grade phosphate.  

However, as outlined in Finding 16, the amount reported in the backfill schedule does not 
accurately represent the actual amount of backfill material available, with the actual amount 
equating to significantly less based on topsoil stockpile data from Park Australia as many of the 
stockpiles that PRL categorised as available have already been used.  EY believe that additional 
backfil l material may be available, however as these have not been included in the backfill schedule 
the CIMFR program cannot incorporate the resource in any planning. It was reported by Parks 
Australia that all  topsoil stockpiles located on VCL in Table 17  do not have further resource 
available.  

Table 17 : Topsoil stockpiles  

Label Lease Total (Kt)  Area (ha)  Clearing Permit Status  

231  ML116  17 0.68  Not Applied 

23B ML116  310  5.61  Pending 

11C ML123  59 1.04  Not Applied 

25H ML139  135  1.64  CPS4506 

106C ML106  24 1.34  CPS4506/  CPS6323 

11E ML122  38 1.68  CPS4506 

20R ML110  192  2.43  CPS4506 

10E2 ML125  67 1.89  CPS4506 

Total on mine lease  842  16.31   

23AB VCL 20 0.55  Not Applied 

25E VCL 102  2.63  Not Applied 

20G VCL 136  2.39  Not Applied 

107B  VCL 15 0.45  Not Applied 

107A  VCL 15 0.41  Not Applied 

20U VCL 15 0.35  Not Applied 

Total on VCL 322  7.38   

Total  1,164  23.69   

Financial resources also need to be managed on a life of mine timeframe.  Currently, Parks Australia 
is essentially spending the full amount of the rehabilitation levy that is paid into the fund each year.  
We expect the rate of relinquishment will increase substantially towards the end of the  mine of life 
and funding for rehabilitation activities needs to consider the pipeline of land that will become 
available for rehabilitation, rather than the current portfolio of relinquished sites.  

5.2  Cost estimation of methodologies  

The cost assumptions used to calculate the expected cost per hectare for each rehabilitation class 
are summarised in Appendix H. Costs were determined using the contract rates for equipment 
¦¨¥¬~yzy w¯ ega =v¤y x¥¤{~¨£zy w¯ ¨z¬~z­ ¥{ ev¨¡© V«©ª¨v¢~vĊ© ~¤¬¥~xz©>C Transportation of  soil to 
site has not been included as this is dependent on each site and should be informed by a soil 
balance and island wide closure plan. X¥¤©«£vw¢z x¥©ª© v¨z wv©zy ¥¤ ev¨¡© V«©ª¨v¢~vĊ© x«¨¨z¤ª 
rates for fertilizers and weed control.  Human resource costs were estimated based on a weighted 
average of the current team using the median salary for each band.  
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Estimated rehabilitation costs for each rehabilitation class are outlined in Table 18 . Costs include 
the full life -cycle of rehabilitation  including maintenance costs.  

Table 18 : Estimated costs by rehabilitation class  

Rehabilitation class  
Earthworks 
costs  (per 
hectare)  

Planting cost  
(per hectare ) 

Maintenance 
cost  (per 
hectare)  

Total cost 3 
(per hectare)  

Earthworks 
costs with 

PRL 
completing  

(per hectare)  

Total costs 
with PRL 

completing 
earthworks 3 
(per hectare)  

Class A $49,043  $55,290  $11,309  $115,642  $42,278  $108,878  

Class B $30,504  $53,622  $9,502  $93,628  $26,296  $89,420  

Class C $11,693  $20,555  $3,642  $35,891  $10,080  $34,278  

Class D $1,403  $17,874   $4,319  $23,596  $1,210  $23,403  

Legacy pinnacle $3,070  $5,072  $3,455  $11,596  $2,646  $11,173  

Alternate land use  $0  $0  $0  $0  $0  $0  

Do nothing  $0  $0  $0  $0  $0  $0  

3 ą Total costs do not include soil transportation costs  

i}z x¥©ª© yz£¥¤©ª¨vªz v £«x} ­~yz¨ ¬v¨~v¤xz ª}v¤ ev¨¡© V«©ª¨v¢~vĊ© \¥¢yA h~¢¬z¨A W¨¥¤°z ©ªv¤yv¨yC 
The budget shortfall is highlighted when completing 2,000ha of legacy pinnacles fields would cost 
approximately $22M, roughly the total of the remaining rehabilitation levy that has been forecast.   
Note that Class C and Class D are included for sites with lower biodiversity values to address the 
two major resource shortages ą backfill  material and budget.  Class C is intended to be used where 
backfill material within the vicinity of the site is limited, while Class D is intended to be a cost 
effective rehabilitation approach where the field as sufficient in -situ backfill material.   

5.3  Scored list of rehabilitation sites  

The revised conservation priority and feasibility assessment was applied to all relinquished sites. 
Scores from the assessment were converted into categories as defined in Table 19 , although we 
note that the scoring is categories are subjective based on an expected distribution of sites. Once 
the assessment has been completed across the whole island, the ranking cut -offs  may need to be 
adapted to suit.  

Table 19 : Rehabilitation scoring categories  

Ranking  Low Medium High Very High  

Total Rehabilitation Score  0-39  40-49 50-64 65+ 

The outcomes of the scoring process for the current sites is included in  

Table 20  with detailed scoring included in Appendix H. 

Following the scoring process, an assessment of each site was undertaken to provide an initial 
rehabilitation class. This rehabilitation class the n informed the cost to complete rehabilitation of the 
field and as presented in Table 21  with detailed cost breakdowns included in Appendix I, noting that 
these costs exclude earthworks costs. We have not identified any sites currently relinquished to 
where Class D rehabilitation is recommended, however we do believe that Class D will be useful for 
future relinquished sites.  The distribution of specific rehabilitation cl asses across the island is 
presented in Figure 20 . 
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Table 20 : Relinquished sites scoring results  

Site  Area (ha)  Result of scoring  

Total 
Rehabilitation 

Score 

Rehabilitation 
Ranking 

101 -17I SP West 12.0  31  Low 

17T North  5.7  63  High 

20 West West 3.6  55  High 

F17 101EastBlock1  6.0  47  Med 

FML100 SPW_North 6.8  37  Low 

FML101 Central1  5.4  27  Low 

FML101 Central2  14.4  25  Low 

FML108MB1 1.6  61  High 

FML116 - 22 North  1.5  48  Med 

FML116 South  4.0  46  Med 

FML121 2.1  51  High 

FML129 Above Lily  15.5  57  High 

FML135 Quarry Rd 6.1  17  Low 

FML136 Finger  2.7  43  Med 

Irvine Hill South 1  7.5  55  High 

Lily Beach Lower 1.3  43  Med 

Lily Beach Upper 1.8  36  Low 

Linkwater Road 3.6  46  Med 

NWP FML137 10.7  44  Med 

SthPt 100 -1 TipCent2 1.9  22  Low 

SthPt Bend 3.9  42  Med 

SthPt South1 FML100  8.3  24  Low 

SthPt West 22.2  32  Low 

SthPt West Sliver 0.8  35  Low 

Stockpile 25E 3.3  70  Very High 
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 Table 21 : Relinquished sites recommended rehabilitation class and corresponding cost to complete  

Site  Area to 
rehabilitate 

(ha) 

Rehabilitation 
ranking  

Site commentary  Recommended 
rehabilitation class  

Rehabilitation 
cost to complete  

(excluding 
earthworks)  

20 West West 3.6  High Eventual land use will likely be incorporation into the National Park.  Class A $388,319  

FML116 South  4.0  Medium Eventual land use will likely be incorporation into the National Park.  Class A $434,960  

FML100 SPW_North 6.2  Low Surrounded on three sides by primary forest. Unlikely to be incorporated into the 
National Park. Rehabilitation would provide additional connection east -west for 
migration.  

Class B $567,887  

FML108MB1 1.6  High Eventual land use will likely be incorporation into the National Park. The field is small 
and surrounded by primary forest making natural recruitment of flora species likely.  

Class B $147,996  

FML116 - 22 North  1.3  Medium Eventual land use will likely be incorporation into the National Park. Small tract of land 
surrounded by National Park on three sides so natural recruitment of flora species 
should occur readily.  

Class B $121,116  

FML136 Finger  2.5  Medium Eventual land use will likely be incorporation into the National Park. Very narrow tract of 
land surrounded by National Park so natural recruitment of flora species should occur 
readily. Terrace species could be used in revegetation.  

Class B $226,863  

Irvine Hill South 1  6.8  High Significant regrowth already - only need to rehabilitate about half of the area to 
complete. Section to rehabilitate is in three patches surrounded by rain forest so natural 
recruitment of flora species should occur readily.  

Class B $312,868  

SthPt Bend 2.0  Medium Half of the site has been rehabilitated naturally. The site acts as a vegetation bridge 
between the National Park sections and increased continuity could provide additional 
ecosystem services. 

Class B $91,007  

F17 101EastBlock1  6.2  Medium Fringes rehabilitation and mining leases - vegetation bridges would provide some 
ecological service.  

Class C $211,768  

101 -17I SP West 10.8  Low Part of a broader area that hosts a fern field on heavily pinnacled land, the remainder  of 
which has not yet been relinquished.  

Legacy Pinnacle $   121,167  

FML129 Above Lily  14.0  High Likely option for repurposing the site for socio -economic activity pending the outcomes 
of the Christmas Island Strategic Assessment . 

Alternate land use  $        - 

NWP FML137 6.4  Medium Very difficult site to complete rehabilitation works on.  Adjacent to CIDC and could be 
desirable to be available for expansion of that facility or associated infrastructure.  

Alternate land use  $        - 

SthPt 100 -1 TipCent2 1.7 Low Likely option for repurposing the site for socio -economic activity pending the outcomes 
of the Christmas Island Strategic Assessment . 

Alternate land use  $        - 
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Site Area to 
rehabilitate 

(ha) 

Rehabilitation 
ranking  

Site commentary  Recommended 
rehabilitation class  

Rehabilitation 
cost to complete  

(excluding 
earthworks)  

FML135 Quarry Rd 5.8  Low Likely option for repurposing the site for socio -economic activity pending the outcomes 
of the Christmas Island Strategic Assessment . 

Alternate land use  $        - 

SthPt South1 FML100  7.4  Low Likely option for repurposing the site for socio -economic activity pending the outcomes 
of the Christmas Island Strategic Assessment . 

Alternate land use  $        - 

Stockpile 25E 0.0  Very High Already good regrowth observed.  Might need to investigate using  the topsoil at some 
point for nearby areas that will become available in the future.  

Do nothing $        - 

17T North  4.7  High Rehab recently completed . Do Nothing  

FML121 0.4  High Good regrowth observed on a very small plot . Do nothing $        - 

Lily Beach Lower 0.7  Medium Some good regrowth has occurred on a very difficult plot to undertake rehabilitation 
works on. 

Do nothing $        - 

Linkwater Road 2.2  Medium Some good regrowth has occurred on a very difficult plot to undertake rehabilitation 
works on. 

Do nothing $        - 

FML101 Central1  5.4 Low Not worth completing until adjacent mining areas available - possible reuse option 
pending the outcomes of the Christmas Island Strategic Assessment.  

Do nothing $        - 

SthPt West 22.2  Low Some good regrowth has occurred on a very difficult plot to undertake rehabilitation 
works on.  Land bordering to the east is likely to be recommended for alternate land use 
pending the outcomes of the Christmas Island Strategic Assessment . Currently little 
benefit in providing Class C rehabilitation due to limited number of crab burrows to the 
east (active mining zone).  

Do nothing $        - 

SthPt West Sliver 0.4  Low Good regrowth observed on a very small plot . Do nothing $        - 

Lily Beach Upper 0.9  Low Some good regrowth has occurred on a very difficult plot to undertake rehabilitation 
works on. 

Do nothing $        - 

FML101 Central2  8.7  Low Not worth completing until adjacent mining areas available - possible reuse option 
pending Christmas Island Strategic Assessment.  

Do nothing $        - 
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Figure 20 : Classes of rehabilitation assigned to available rehabilitation areas  
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5.4  Recommended action plan  

5.4.1  Closure plan  development  

Following the completion of the Christmas Island Strategic Assessment , an island wide closure plan 
should be developed for the life of mining operations.  We do not believe that it will be possible to 
rehabilitate all disturbed land on the isla nd given the financial and topsoil constraints.  Therefore, 
the Department will need to be selective on what areas are rehabilitated and to what standard.  

We recommend that the Department follow a process as outlined in Section  5.3  incorporating the 
additional information obtained through the Christmas Island review.  The development of a closure 
plan will require multi -stakeholder participation that will require the De partment to facilitate.  That 
recommended process to develop  the closure plan is detailed in Table 22 . 

Table 22 : Closure plan development process  

Process Detailed scope of activities  Responsible entity  

Rehabilitation 
scoring  

Score all areas on the island that have been disturbed by mining activity using 
the scoring process detailed in Table 13 . 

Parks Australia  

Site assessments  Undertake site assessments to determine the expected state that sites will be 
relinquished in.  The assessment should determine any areas that have not 
been disturbed as well  as areas where natural  regrowth  that has occurred to  
determine areas that do not require additional effort to achieve acceptable 
rehabilitation.  Topsoil resources should be identified, both topsoil that will be 
left in -situ and topsoil stockpiles that can  be expected to be available on sites 
for rehabilitation services at the end of mining . 

The Department / 
PRL / DMIRS 

Incorporate the 
Christmas Island 
Strateg ic 
Assessment  

Assess each cleared area against land use plans for the Island and determine 
the objective of the post -mining land use. This will include areas that have 
been earmarked for alternate use to achieve socio -economic benefits , areas 
that are to be incorporated into the National Park, and areas that serve 
particular ecosystem services.  

The Department  

Preliminary 
rehabilitation 
classes 

Determine the preliminary level of rehabilitation class for the remaining sites 
based predominantly on the rehabilitation scoring results  and ensuring that 
they are consistent with the objectives for each site de termined above.  

Parks Australia  

Integrate closure 
into the mine plan  

Integrate the closure rehabilitation classes with the mine plan.  This will 
provide information regarding the timing of relinquishment of each site and 
will enable efficiencies to be identified by holding off on undertaking small 
patches of rehabilitation until neighbouring parcels of land are also available 
to be rehabilitated . This will provide a preliminary schedule of rehabilitation of 
areas across the island for the duration of th e life of mine.  

PRL 

Topsoil movement 
plan 

Based on the rehabilitation class and understanding the in -situ topsoil 
resources for each site, develop a topsoil movement plan for the life of the 
mine that distributes the topsoil resources efficiently across the island to 
facilitate the class of rehabilitation that has been selected for each site.  

PRL 

Preliminary budget  Develop a preliminary budget of the works including topsoil movement, 
earthworks, planting, and maintenance activities across the life -cycle of the 
rehabilitation.  

The Department / 
PRL / Parks 

Australia  

Resource 
optimisation  

Develop a rehabilitation cost and topsoil model that optimises the use of these 
resources.  This process may require the re -classification of rehabilitation 
classes for certain areas and it is expected that this process will need to be an 
iterative one facilitated by the Department in order to achieve an outcome 
that maximises rehabilitation performance within the financial and topsoil 
resource constraints.  

This process will provide the final recommended rehabilitation classes for all 
disturbed areas.  

The Department / 
PRL / Parks 

Australia  

Develop 
rehabilitation  plans 

Based on the resource optimisation work, develop rehabilitation plans for all 
disturbed areas . It is expected that the plans will be able to be done by area 
rather than by individual field.  

The Department  
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Process Detailed scope of activities  Responsible entity  

Develop a 
rehabilitation 
schedule 

Update the preliminary schedule of rehabilitation based on access to cleared 
areas, mine and equipment planning, Parks A«©ª¨v¢~vĊ© ¨z¬z|zªvª~¥¤ xv¦vx~ª¯C  

The Department / 
PRL / Parks 

Australia  

Update closure plans  Mine plans will change which may have impacts on the level of resources 
available for closure, the timing for closure, or the cost of closure.  Industry 
standard is for closure plans to be updated at least every five years (or when 
there are significant changes to mine plans)  

The Department  

5.4.2  Implementation of the closure plan  

In order to maximise the efficiency of implementing the closure plan we believe that ther e is an 
opportunity to reallocate activities between the key stakeholders.  Our recommendation is as 
follows:  

Earthworks  

PRL has a significant fleet of mining equipment and is efficient in moving bulk materials around the 
island. We believe that there are p otentially significant efficiencies that could be gained by PRL 
being charged with the task of transporting topsoil to rehabilitation fields and undertaking the 
earthworks at the field to prepare the site for planting as per the rehabilitation class activi ties 
described in Section 4.2.6 .  

Completing these works will require additional effort and resources to be expended by PRL  (which 
PRL is not currently required to do ) and it is therefore reasonable that PRL would expect to be 
reimbursed for that effort.  We have estimated that the efficiencies from a cost perspective will be 
in the order of 15 -GJ: w«ª ª}vª ~© ­~ª}¥«ª ªv¡~¤| ~¤ª¥ x¥¤©~yz¨vª~¥¤ egaĊ© vw~¢~ª¯ ª¥ ~¤x¥¨¦¥¨vte 
these works into its mine plan.  For example, it is expected that PRL could backfill its road transport 
fleet to transport topsoil around the island significantly reducing the cost of movement. Therefore, 
we would expect the opportunity cost for PRL to c omplete these works to be relatively low.   

The Department will need to establish an agreement with PRL that will likely reduce the levy that is 
¦v~y w¯ ega ª¥ ª}z Yz¦v¨ª£z¤ª wv©zy ¥¤ ª}z vyy~ª~¥¤v¢ x¥©ª ¥{ egaĊ© zv¨ª}­¥¨¡© ©z¨¬~xz©C  

Planting and maintenan ce 

The Parks Australia team has undertaken years of planting and rehabilitation maintenance work on 
Christmas Island and it has amassed a considerable knowledge base. The Parks Australia team 
demonstrated a very advanced level of understanding across seed collection, planting, weed 
management, and rehabilitation maintenance.  It also demonstrated the ability to leverage 
relationships with other Government entities that has provided low cost technical advice.  We 
believe that another entity would have a signif icant learning curve if the Department was to 
investigate redistributing this portion of the rehabilitation works to another third -party.  

The level of documentation of processes and procedures is currently low, and we recommend that 
additional emphasis be placed on this aspect over the course of the next agreement.  

The Department will need to establish an agreement with Parks Australia to continue to provide 
planting and rehabilitation maintenance services.   

Governance 

Over the course of the 2012 ą 2020 Mem orandum of understanding between Parks Australia and 
the Department there is little evidence of adequate governance activities by the Department of the 
b¥j v¤y ev¨¡© V«©ª¨v¢~vĊ© vxª~¬~ª~z©C In order for the closure planning and implementation process 
to be successful, the Department will need to facilitate cooperation between key stakeholders 
(Parks Australia, PRL, regulators, and the Christmas Island community).  We encourage the 
Department to actively engage all stakeholders throughout this process and mai ntain an active role 
in ensuring that stakeholders are delivering on their commitments.  
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5.4.3  Recommended activities over the next 12 -24 months  

Planning activities  

Once the Christmas Island Strategic Assessment has been delivered, we recommend that work 
commence on the island-wide closure plan (as described in Table 22). 

i}z¨z ~© v ©~|¤~{~xv¤ª v£¥«¤ª ¥{ ª¥¦©¥~¢ ć¢¥x¡zy «¦Ĉ ~¤ ª¥¦©¥~¢ ©ª¥x¡¦~¢z© ª}vª }v¬z ¤vª«¨v¢¢¯ 
revegetated.  Some of these stockpiles are thought to include revegetation that is 30 -40 years old.  
While these areas are providing habitat to species, the aerial extent of rehabilitation is extremely 
limited compared to the area that could be rehabilitated if it were u tilised as the resource that it 
was initially intended to be  (as demonstrated in Table 14). We recommend that the Department 
facilitate discussion with Parks Australia and the WA Department of Water and Environmental 
gz|«¢vª~¥¤ ª¥ «¤yz¨©ªv¤y ª}z ¨z|«¢vª¥¨Ċ© ©ªv¤xz ¥¤ x¢zv¨~¤| ª}z©z ©ª¥x¡¦~¢z© {¥¨ ª}z ¦«¨¦¥©z© ¥{ 
rehabilitation.   

During this engagement, the EY team undertook a high -level review of the potential for the 
rehabilitation works to be eligible for biodiversity or carbon offset payments.  Parks Australia has 
also undertaken some initial work on this matter.  We recommend the Department utilise its 
Commonwealth and WA Government contacts to enquire as to whether i t is worth investigating 
further these mechanisms for providing additional funding to the rehabilitation program.   

On site activities  

We recommend a halt on active rehabilitation activities on site until an island -wide closure plan has 
been completed.  Maintenance activities should continue to be undertaken on rehabilitated sites 
consistent with the current activities.  

During the 2020 -2021 wet -season, we recommend that field trials be established to confirm the 
suitability of the rehabilitation classes detai led in Section 4.3.1 . A uniform site that has been 
selected as a Class A or Class B site should be used. A preliminary assessment identified  that field 
FML100 SPW_North  may be suitable although this should be confirmed with Parks Australia and 
PRL. There may be an opportunity to use an area that has not yet been relinquished to support 
these trials.  

Nursery operations should be scaled back proportionately to provide s upport to the maintenance 
activities (secondary and infill planting) and to supply the operational trials.  
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Appendix A  Reference documentation listing  

Table 23 : Review documentation list  

Document title  Description  

CIMFR_2012-2020_Plan_(June2012_Final).pdf  The Christmas Island Minesite to Forest Rehabilitation 
Program 2012 -2020 Plan  

CIMFR_Annual_Report_(2005-2006)_FINAL.pdf  CIMFR Annual Report 2005-2006  

CIMFR_Annual_Report_(2006-2007)_FINAL.pdf  CIMFR Annual Report 2006-2007  

CIMFR_Annual_Report_(2007-2008)_FINAL.pdf  CIMFR Annual Report 2007-2008  

CIMFR_Annual_Report_(2008-2009)_FINAL.pdf  CIMFR Annual Report 2008-2009  

CIMFR_Annual_Report_(2009-10)_FINAL.pdf  CIMFR Annual Report 2009-2010  

CIMFR_Annual_Report_(2010-2011)_FINAL.p df CIMFR Annual Report 2010-2011  

CIMFR_Annual_Report_(2011-2012) FINAL.pdf  CIMFR Annual Report 2011-2012  

CIMFR_Annual_Report_(2012-2013)_FINAL.pdf  CIMFR Annual Report 2012-2013  

CIMFR_Annual_Report_(2013-2014)_FINAL.pdf  CIMFR Annual Report 2013-2014  

CIMFR_Annual_Report_(2014-2015)_FINAL.pdf  CIMFR Annual Report 2014-2015  

CIMFR_Annual_Report_(2015-2016)_FINAL.pdf  CIMFR Annual Report 2015-2016  

CIMFR_Annual_Report_2017_(Final).pdf CIMFR Annual Report 2016-201 7 

CIMFR_Annual_Report_2017-18_FINAL.pdf  CIMFR Annual Report 2017 -2018  

https://www.daf.qld.gov.au/__data/assets/pdf_file/0003/63372/IPA-Yellow-Crazy-Ant-Risk-Assessment.pdf
https://www.daf.qld.gov.au/__data/assets/pdf_file/0003/63372/IPA-Yellow-Crazy-Ant-Risk-Assessment.pdf
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Document title  Description  

CIMFR_Annual_Report_2019_Final.pdf CIMFR Annual Report 2018-2019  

CIMFR_Rehab_Area_2019_(Oct19).jpg Map detailing fields planted by the CIMFR program since 
2005  

Draft Conservation Advice for Abbotts Booby for external 
consultation.pdf  

Department of the Environment and Energy - DRAFT 
Conservation Advice for Vww¥ªªĊ© W¥¥w¯ - Papasula 
abbotti  

National Recovery Plan for the Abbotts Booby -abbotti.pdf  National Recovery Plan for the Abbotts Booby -abbotti  

2000_UQ_CMLR_Rehab_plan_(September2000)_complete.pdf  Christmas Island Minesite Rehabilitation Plans ą 
September 2000  

christmas-island-national -park-management-plan-2014 -
2024_1.pdf  

Christmas Island National Park Management Plan 2014 -
2024  

CI_vegetation_and_clearing_map_metadata.pdf  Christmas Island Vegetation and Clearing Map - 
Compiled May 2014  

Mine Closure Plan (ver 0.8).docm  Christmas Island Phosphate Mine (MCI 70/1A and MCI 
70/10) March 2015 - Mine Closure Plan 

Mining lease - 270613 (F).pdf  Mining Lease No. MCI 70/1 

PRL_Completed _Surrenders_May2019.xlsx  Listing of sites relinquished by PRL  

PRL_partial_surrenders_by_year_upto_2019_v1.pdf  Phosphate Resources Limited - Partial Surrender Areas 
by Year Map 

Skinner, Ruthrof - Final Report on Corridor experiment Jan 
2016 to Dec 2018 FINAL (2).pdf  

Investigation  of methodology for developing  tree 
corridors  old mine sites using agricultural techniques on 
Christmas Island ą Report prepared for  Phosphate 
Resources Limited by Peter  Skinner and Dr Katinka 
Ruthrof   

Walker_(2012)_ANU2012_Thesis_Prioritising_mine_rehabilitati
on.pdf  

Prioritising mine sites for rehabilitation on Christmas 
Island: an index modelling approach by Kristen J Walker  

CE142179__P_ALASDAIR~GRIGG_ANALYTICALREPORT.PDF SGS CIMFR Soil Preliminary Report 18/09/2019  

CE142179_P_SGS_SAMP.XLSX SGS CIMFR Soil Sampling Results spreadsheet  

CINP Quarantine Declaration Letter (Soil Samples) 
20190919.docx  

CINP Quarantine Declaration Letter for Soil Samples  

CofC_TC (Christmas Island National Park) September 2019.xls  Corrupt file  

COMMERCIAL INVOICE (Soil Samples) 2019.docx Commercial Invoice for transport of soil samples  

Scan_SOC+Comm Inv+Quarantine Dec (20190922).pdf  Statement of Contents for the delivery of soil samples 
for SGS 

SGS Quarantine Permit 0002144892_27 March 2018 to 20 
February 2020.pdf  

Quarantine Permit to import conditionally non -
prohibited goods  

Soil Analysis Preliminary Report 15 -10-2019 
CE142179_P_SGS.xlsx 

SGS CIMFR Soil Sampling Preliminary Results  

Soil Sampling Waypoints 2019.zip  Shapefiles for 2019 soil sampling waypoints  

STATEMENT OF CONTENTS (SOIL SAMPLES) 2019.docx Statement of Contents for the delivery of soil samples 
for SGS 

Soil_Sample_Collection_Information_2019.xlsx  Spreadsheet containing details of soil samples taken in  
2019  

20190927123237249.pdf  The Islander ą Christmas Island Community Newsletter 
Issue No. 694 27 th September 2019  

Shire of CI Local Planning Strategy.pdf  Shire of Christmas Island Local Planning Strategy  

Town Planning Scheme map 1.pdf Shire of Christma s Island Local Planning Scheme Map 1 

Town Planning Scheme map 2.pdf Shire of Christmas Island Local Planning Scheme Map 2 

Town Planning Scheme map 3.pdf Shire of Christmas Island Local Planning Scheme Map 3 
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Document title  Description  

ChristmasGIS_2014 Shapefiles for Christmas Island GIS (CIGIS) 

CIMFR Areas 2019.zip Shapefiles for areas rehabilitated through the CIMFR 
Program between 2005 and 2019  

CI Spatial Conservation Planning Analysis final report_V4.pdf  Christmas Island Spatial Conservation Planning Analysis:  

Final Report written by  Katherine Selwood, Heini Kujala 
& Brendan Wintle in August 2018  

2.3.1 Christmas Is Spatial Planning factsheet_v4.pdf  Island-wide spatial conservation planning for Christmas 
Island  Project Summary Factsheet  

NESP Spatial Conservation Prioritisation Zonation Output 
Shapefiles 

Shapefiles for whole island conservation spatial 
prioritisation  

Attachment A - CIMFR Proposed Schedule of Works 2018-19.pdf  Christmas Island Minesite to Forest Rehabilitation 
(CIMFR) Program Proposed Schedule of Works 1 July 
2018 - 30 June 2019  

Cover_Letter_CIMFR_2018-19_(Sebastian-
Lang)_22_06_2018_(Final).pdf  

Cover Letter for Christmas Island Minesite to Forest 
Rehabilitation (CIMFR) Program Proposed Schedule of 
Works 1 July 2018 - 30 June 2019  

Attachment A - CIMFR Proposed Schedule of Works 2019 -
20_V2.pdf  

Christmas Island Minesite to Forest Rehabilitation 
(CIMFR) Program Proposed Schedule of Works 1 July 
201 9 - 30 June 20 20 

Cover_Letter_CIMFR_Schedule_of_Works_2019-2020_(V2).pdf  Cover Letter for Christmas Island Minesi te to Forest 
Rehabilitation (CIMFR) Program Proposed Schedule of 
Works 1 July 201 9 - 30 June 20 20 

Earthworks_Soil_Surface_and Subsurface Profiles.pdf  Diagrams of various soil surface and substrate profiles  

CIMFR_Program_Earthworks_DOSO_2018_(CIP)_20181008 
(Sched2 Omitted).doc  

Deed of Standing Offer between the Director of National 
Parks and PRL for earthworks activities  

CIMFR_Earthworks_Equipment_Use_Logsheet_(Template).pdf CIMFR Earthworks Equipment Use Log sheet template 

Attach2 Contractors WHS Handbook and Induction.pdf  Contractor Safety Handbook and Induction Pack  

24NE_Clearing+TracksABC+Sump_(06-11-18).jpg  Map of area in relation to 2018 earthworks activities  

24NE_Max_Clearing_Extent.jpg Map of area in relation to 2018 earthworks activities   

24NE_Stockpile.jpg Map of area in relation to 2018 earthworks activities  

Attachment1_Location_24NE.jpg  Map of area in relation to 2018 earthworks activities  

Attachment2_24NE_Tenure.jpg  Map of area in relation to 2018 earthworks activities  

Attachment4_24NE_Approx_final_tracks.jpg  Map of area in relation to 2018 earthworks activities  

Attachment5_24NE_Shapefiles.zip  Shapefiles in relation to 2018 earthworks activities  

Attachment6 -Contractors_WHS_Handbook.pdf Parks Australia Contractor Safe ty Handbook and 
Induction Pack  

Attachment7_Earthworks_Equipment_Use_Logsheet_(CI_Phosp
hates).pdf  

CIMFR Earthworks Equipment Use Logsheet 

Attachment7_Earthworks_Equipment_Use_Logsheet_(CI_Phosp
hates).xlsx 

CIMFR Earthworks Equipment Use Logsheet 

CIMFR_Earthworks_Official_Order_(181018)_(1+2+3+4)_CI_Ph
osphates.pdf  

Director of National Parks - Official Order  for CIMFR 
earthworks  

CIMFR_Earthworks_Official_Order_(181018)_CI_Phosphates.do
cx 

Director of National Parks - Official Order  for CIMFR 
earthworks  

CIMFR_Earthworks_Official_Order_(181018)_CI_Phosphates.pd
f 

Director of National Parks - Official Order  for CIMFR 
earthworks  

CIMFR_Earthworks_Official_Order_(181018)_CI_Phosphates_(S
igned).pdf  

Director of National Parks - Official Order  for CIMFR 
earthwor ks  

Attach1 Rehabilitation17T Proposed Working Area (v1).jpg  Image of proposed rehabilitation area for Field 17T  
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Document title  Description  

CIMFR_Earthworks_Official_Order (191008)_PRL.pdf  Director of National Parks - Official Order  for CIMFR 
earthworks  

CIMFR_Earthworks_Official_Order (191025)_PRL.pdf  Director of National Parks - Official Order  for CIMFR 
earthworks  

CIMFR_Earthworks_Official_Order (191115)_PRL.pdf  Director of National Parks - Official Order  for CIMFR 
earthworks  

CI_vegetation_and_clearing_map Shapefiles for vegetated and cleared areas  

Backfill Stockpile Schedule 2013 Mining Lease Proposed .pdf  PRL Backfill Stockpile Schedule 2013 Mining Lease 
Proposed 

Backfill Stockpile Schedule 2016 November.PDF  PRL Backfill Stockpile Schedule 2016 November  

Backfill Stockpile Schedule 2018 Feb.PDF PRL Backfill Stockpile Schedule 2018 Feb ruary  

Backfill Stockpile Schedule 2018 June.pdf  PRL Backfill Stockpile Schedule 2018 June  

Relinquishment Schedule 2016 November.PDF  PRL Relinquishment Schedule 2016 Novembe r 

Relinquishment Schedule 2018 Feb.PDF PRL Relinquishment Schedule 2018 Feb ruary  

Relinquishment Schedule 2018 June.pdf  PRL Relinquishment Schedule 2018 June  

Relinquishment Schedules vs Actual (2013 -2019).xlsx  Parks Australia Relinquishment Schedules vs Actual 
(2013 -2019)  comparison  

Relinquishment Schedule 2013 Mining Lease Proposed.pdf  PRL Relinquishment Schedule 2013 Mining Lease 
Proposed 

Mobile Plant Hire Rates Sep 2018 to June 2020.xlsx  Mobile plant hire hourly rate s for  September  2018 to 
June 2020  

Conservation Levy - Receipts Collection and Payments to 
National Parks (003).xlsx  

Conservation Levy Collection and Payments to National 
Parks from 2013/14 to 2019/20  

Reddell 2001 Techn appraisal of CI Rainforest Ecology for Mine 
Rehab.pdf 

A Technical Audit  of Minesite Revegetation Activities by 
Christmas Island Phosphates. Consulting report 
prepared for Christmas Island Phosphates by Paul 
Reddell and Anja Zimmermann, CSIRO, May 2003 

Technical Audit CIP Rehab 2003.pdf  A Technical Audit of Minesite Revegetat ion Activities by 
Christmas Island Phosphates. Consulting report 
prepared for Christmas Island Phosphates by Paul 
Reddell and Anja Zimmermann, CSIRO, May 2003 

Schedule of Works 2019 -2020.pdf  Proposed schedule of Works from 1 July 2019 to 30 
June 2020. In  accordance with the MoU between the 
Director of National Parks and the Department of 
Infrastructure, Transport, Cities and Regional 
Development. 

Doc_Sup_Clearing_Permit_17T-Map 17T.jpg A map of the rehabilitation area of field 17T with photo 
points indic ated. 

DWER granted clearing permit for 17T (CPS 8587 -1) Letter.pdf  Permit to clear native vegetation under the 
Environmental Protection Act 1996. This has been 
granted to Dr Grigg of the CIMFR Program to clear 
native vegetation under section 51E of the EP  Act.  

DWER granted clearing permit for 17T (CPS 8587 -1) Purpose 
Permit Plan and Decision Report.pdf  

Copy of the granted clearing permit for field 17T  

Doc_Sup_Clearing_Permit_17T-Photos For Permit (16 -24).zip  A set of 9 photos for site 17T  

Attachment2 -4_Doc_Sup_Clearing_Permit_17T-Photos For 
Permit (8 - 15).zip  

A set of 8 photos for site 17T  

Doc_Sup_Clearing_Permit_17T-Clearing Boundary Shape.zip A set 7 files containing CPG, DBF, PRJ, SBN, SBX, SHP 
and SHX files regarding field 17T  

Author ised Parks Australia to Apply for Clearing Permits and 
Undertake Rehabilitation. [SEC=UNCLASSIFIED] 

This email is a letter of authority sent to Kerrie Bennison 
from the Department of Agriculture, Water and the 
Environment to apply for clearing permits and use of 
land for rehabilitation purposes. This is for parcels of 
land: ML101 17T and ML101 East Block 1. The email 
also includes an attached map of ML101.  
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Document title  Description  

Doc_Sup_Clearing_Permit_17T-Photo Points Shape.zip A set 7 files containing CPG, DBF, PRJ, SBN, SBX, SHP 
and SHX files regarding field 17T  

Doc_Sup_Clearing_Permit_17T-Photos For Permit (1 -7).zip  A set of 7 photos for site 17T  

Doc_Sup_Clearing_Permit_17T-Application 
_purpose_permit_Form_C2.pdf  

Filled application for a clearing permit (purpose permit). 
Signed by Alasdair Grigg on 21/06/2019  

ANU Report Carbon Accumulation Rehab (Sept 2010).pdf  A report to the Director of National Parks, prepared by 
Y¨ ]zvª}z¨ `z~ª} v¤y Y¨ h«z \¥«¢y ª~ª¢zy ćV©©z©©~¤| ª}z 
accumulation of carbon in rehabilitation forests on  
Christmas Island National Park and the feasibility of 
xv¨w¥¤ ¥{{©zª© {¨¥£ ª}z©z {¥¨z©ª©Ĉ 

Draft_Output Data_Prioritisation_Workings_2020.xlsx  Excel file with draft workings for different sites with 
regard to Abbotts, flying foxes, hawk owls and red crabs  

Draft_Input_ Data -RedCrabs.zip A set 6 files containing DBF, PRJ, SBN, SBX, SHP and 
SHX files regarding red crabs  

Draft_Input_ Data -Abbotts.zip  A set 6 files containing DBF, PRJ, SBN, SBX, SHP and 
SHX files regarding Abbotts  

Draft_Input_ Data-FlyingFox.zip A set 6 files containing DBF, PRJ, SBN, SBX, SHP and 
SHX files regarding flying foxes  

Data-HawkOwl.zip A set 6 files containing DBF, PRJ, SBN, SBX, SHP and 
SHX files regarding hawk owls 

Data-Stockpiles.zip A set 6 files containing DBF,  PRJ, SBN, SBX, SHP and 
SHX files regarding backfill stockpiles  

Data-Sites.zip A set 6 files containing DBF, PRJ, SBN, SBX, SHP and 
SHX files regarding site prioritisation  

Draft Prioritisation Process for site selection (2019 -20).pdf  Document detailing t he process for site prioritisation 
and selection for rehabilitation  

Draft Red Crab Migration Road Crossing Directions.jpg  A picture detailing the dominant direction of travel of 
red crab migration across main roads towards a 
coastline 

CIMFR_Team_Structure_2019-2020.pdf  CIMFR Program team structure including position titles, 
APS levels and salaries 

DRAFT Main_areas_of_interest_for_rehab_2020.jpg  Draft map showing main areas of interest for rehab  

DRAFT_Main_areas_of_interest_for_rehab_2020_shapefile.zip  Shapefiles showing main areas of interest for rehab  

Earthworks Official Orders PRL Invoices  Invoices for Official Orders for PRL Earthworks at 17T  

Earthworks Official Order PRL Orders  Official Orders for PRL Earthworks at 17T  

DRAFT Assessment of Stockpile 25E (Preliminary EIA)  Preliminary Environmental Impact Assessment  - 
Assessment of Stockpile 25E on Unallocated Crown 
Land. 

Fertiliser_Costs.xlsx  Spreadsheet outlining costs for fertiliser used for the 
CIMFR Program 

CIP-PRL_Mining_Lease_Christmas_Island.pdf PRL Mining Lease  

PRL_Mine_Lease_Appendix_D.pdf Appendix D: Phosphate Grade Definitions  

ALL_REHAB_ALL_YEARS_2019.shp Draft Shapefile of ALL REHAB all years (2019)  

DRAFT_CIMFR_Plant_Attributes_and_Nursery_Propagation_Inf
o_2020 _v2.pdf  

Plant attribute and nursery propagation information on 
species utilised in the CIMFR Program  

DRAFT Christmas Island Land Tenures 2019.pdf  Charts showing breakdown of land tenure across 
Christmas Island.  

DRAFT Weed Management Plan CINP 2010 -2019.pdf  Christmas Island National Park Weed Management Plan 
DRAFT 2010-2019  

DRAFT CIMFR Weed Control Protocols 2019.pdf Weed Control Protocols 2019: A guide for controlling 
weeds in the rehabilitation fields of Christmas Island  
National Park 
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Appendix B  Soil test results  

Table 24 : Soil test results  

Site  Nitrate & 
Nitrite N 
(mg/kg)  

Total 
Kjeldahl N 
(mg/kg)  

Total 
Organic 

Carbon (%) 

C:N ratio  Total P 
(mg/kg)  

Labile 
Sulfur  

ANC as % 
CaCO3 

F17 CIP Loose 0-0.1  1.4  340  0.57  16.8  110000  2 4.6  

F17 CIP Flattened 0-0.1  0.54  320  0.60  18.8  77000  2 6.3  

RF Natural 0-0.1  80  3900  4.7  12.1  76000  26 N.A. 

RF Natural 0.3 -0.5  1.5  760  0.81  10.7  88000  6 N.A. 

RF Natural 0.7 -0.9  0.48  300  0.47  15.7  88000  4 <0.1  

24 N Poor 0 -0.1  2.4  1800  0.82  4.6  33000  5 N.A. 

24 N Poor 0.3 -0.5  0.83  500  0.80  16.0  94000  16 1.3  

24 N Poor 0.7 -1.0  0.35  120  0.40  33.3  87000  8 0.9  

24 N Poor 1.1 -1.2  0.27  310  0.59  19.0  130000  5 2.6  

24 N Good 0-0.1  23  1200  2.1  17.5  96000  13 N.A. 

24 N Good 0.3-0.5  2.3  740  0.91  12.3  98000  10 N.A. 

24 N Good 0.7-0.9  27  2600  4.1  15.8  99000  26 N.A. 

CI 20 North  0-0.1  47  3600  4.5  12.5  76000  60 N.A. 

CI 20 North  0.1 -0.3  17  2000  2.1  10.5  110000  17 N.A. 

CI 20 North  stockpile 4.1  250  0.42  16.8  88000  2 0.5  

CI 23A  0-0.1  13  1800  2.2  12.2  100000  6 N.A. 

CI 23A  0.1 -0.3  4.2  1400  1.6  11.4  96000  7 N.A. 

CI 23A  0.5 -0.7  0.62  510  0.78  15.3  100000  2 1.5  

CI 23A  composite 11  1500  1.7  11.3  100000  9 N.A. 

CI 23 Pit 0-0.1  10  1800  2.2  12.2  88000  10 N.A. 

CI 23 Pit 0.1 -0.3  0.79  520  0.84  16.2  93000  4 N.A. 

CI 23 Pit 0.5 -0.7  0.98  510  0.57  11.2  100000  4 1.3  

CI 23 Pit 0.9 -1.0  0.24  56  0.22  39.3  84000  3 0.5  

CI 21 NW 0-0.1  1.8  560  0.95  17.0  93000  2 N.A. 

CI 21 NW 0.3 -0.5  0.93  220  0.48  21.8  90000  1 N.A.  

 

  Ready to relinquish/flattened pinnacles  

  Natural  

  Poor rehab/ hard-set stockpile  

  Moderate/poor rehab (some groundcover but poor trees)  

  Good rehab 

 
Notes on Analyses:  

Ʒ c~ª¨vªz c~ª¨¥|z¤ v¤y c~ª¨~ªz c~ª¨¥|z¤ =cd®> w¯ V«ª¥ V¤v¢¯©z¨ ~¤ h¥~¢ 
Ʒ i¥ªv¢ ` z¢yv}¢ c~ª¨¥|z¤ v¤y i¥ªv¢ c~ª¨¥|z¤ ~¤ h¥~¢Dh¢«y|z© 
Ʒ i¥ªv¢ d¨|v¤~x Xv¨w¥¤ w¯ ]zv¤z© d®~yvª~¥¤ 
Ʒ <e¥ªv©©~«£ X}¢¥¨~yz Z®ª¨vxªvw¢z h«¢¦}«¨ 
Ʒ Vx~y cz«ª¨v¢~©~¤| Xv¦vx~ª¯ =VcX> 
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Appendix C  Site notes  

0-1 Year Old Rehabilitation Sites  

Field 24 North East (2019)  

Field inspection notes  

Ʒ Rehabilitation Field 24 North East represents current 2019 rehabilitation.  
Ʒ The site was initially a rocky site dominated by Sword Ferns with a topsoil stockpile located 

adjacent to the site inside the National Park boundary.  
Ʒ Although there has been very limited rain, establishment of tree species suitable for early 

colonising, such as Pandanus elatus, Macaranga tanarius, Ficus microcarpa and Cordia 
subcordata  has been very good and leaf litter is beginning to accumulate in som e areas. Trees 
were planted at a relatively high density (1.1m spacing) to promote rapid establishment of 
cover and reduce weed competition.  

Ʒ The edges of the rehabilitation appear to blend in well with the surrounding rain forest. Some 
erosion was noted; this was not extensive but with more typical rainfall patterns, further 
erosion may have occurred.  

Ʒ Based on the development of rehabilitation observed in other sites, it is considered likely that 
with appropriate maintenance, in time this site should meet  rehabilitation objectives.  

Site Photographs  

 

Figure 21 : Site visit photographs of Field 24 North East  
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Figure 22 : Site visit photographs of  erosion present at  Field 24 North East  

 

2-5 Year Old Rehabilitation Sites  

Field 23 North (2015)  

Field inspection notes  

Ʒ In Field 23 North, the area near Transect 23 North - 1 provided a good example of within -pit 
variability .  

Ʒ The higher areas appeared very dry, with tree deaths ( Macaranga tanarius), few ground cover 
plants, and limited ground litter.  

Ʒ A good number of the introduced Jamaican Cherry trees ( Muntingia calabura ) were present. 
These can be controlled in time, but at this stage they serve a very useful role by providing 
habitat for bo th Imperial Pigeons and flying foxes (both were observed), which introduce rain 
forest seeds.  

Ʒ Lower elevation areas contained fewer dead trees, and those present were taller and in better 
health. Litter cover was also greater.  

Ʒ Pits were dug in each of th ese sites to help explain the differences in performance. In other 
areas of the site, a similar pattern was observed, with generally poorer performance on higher 
areas and better performance (including growth, survival and natural recruitment of trees) on 
lower areas.  

Ʒ Further monitoring and management of the site is needed, but generally, in time the site could 
be expected to meet its rehabilitation objectives, and the variability in rehabilitation 
performance might actually enhance diversity by catering f or a wider range of fauna species.  

Soil Results  

Table 25 : Soil results for Field 23 North  

Sample ID 
Nitrate & 
Nitrite N 
(mg/kg)  

Total 
Kjeldahl N 
(mg/kg)  

Total 
Organic 

Carbon  (%) 
C:N ratio  

Total P 
(mg/kg)  

Labile 
Sulfur  

ANC as % 
CaCO3 

23 N Poor 0 -0.1  2.4  1800  0.82  4.6  33000  5 N.A. 

23 N Poor 0.3 -0.5  0.83  500  0.8  16  94000  16 1.3  

23 N Poor 0.7 -1.0  0.35  120  0.4  33.3  87000  8 0.9  
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23 N Poor 1.1 -1.2  0.27  310  0.59  19  130000  5 2.6  

23 N Good 0-0.1  23 1200  2.1  17.5  96000  13 N.A. 

23 N Good 0.3-0.5  2.3  740  0.91  12.3  98000  10 N.A. 

23 N Good 0.7-0.9  27 2600  4.1  15.8  99000  26 N.A. 

Site Photographs  
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24 : Site visit photograph from (a) Field 23 North located lower in the landscape, near Transect 23N -1 

Figure 23 : Site visit photograph from Field 23 North, located higher in the landscape, near Transect 23N-1  
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Blowholes 107 (2016)  

Field inspection notes  

Ʒ The rehabilitation in Blowholes 107 (2016) Figure 27was better than that at either Field 23 
North or Field 22 West.  

Ʒ The site was surrounded by primary rainforest on all sides with a sheer historic mining face on 
one side approx. 2-3m tall and w as a comparatively small site. Rehabilitation blended in well 
with the surrounding forest.  

Ʒ Initially this site was a pinnacle field with Sword Fern cover, however, there were three 
stockpiles on the site.  

Ʒ Tree survival, growth and diversity across the sit e appeared to be consistently good, leaf litter 
was developing, and there was some recruitment, probably from Imperial Pigeons and flying 
foxes (one was observed) introducing seeds ą these species would have been encouraged by 
the presence of Jamaican Cherry Trees and a Jackfruit.  

Ʒ Other forest bird species were observed including the Christmas Island White -eye and the 
Christmas Island Thrush.  

Ʒ A large gully was recoded where water was concentrated downslope by the formed track.  

Figure 25 : Site visit photographs  of soil test pits in Field 23 North located in (a) poorly performing rehabilitation and (b) well 
performing rehabilitation  
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Site Photographs  

 
Figure 26 : Site visit photographs from Blowholes 107  (a) showing the gully present in the field and (b) the mining face  
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Field 20 North  (2018 ) 

Field inspection notes  

Ʒ Rehabilitation was completed in 2018 on a site that was initially a pinnacle field with some fern 
growth.  

Ʒ A small direct seeding trial was completed at Field 20 North which required seeding by ha nd, 
followed by intensive maintenance. Plants have established, but the trial suggests that the 
method may be potentially more resource intensive than nursery plantings.  

Ʒ Fertiliser was scattered on the direct seeding trial area recently , however, this  was primarily 
around the bases of trees  and not spread across the site . 

Ʒ Vegetation in much of the pit has established well, e.g. the areas near Transect 20N -2. Some 
other areas are more open, with Jamaican Cherry trees present.  

Ʒ Some of the topsoil stockpile used for rehabilitation remains within the site. Some of the 
remaining soil has set exceptionally hard. Machinery has struggled to dig the soil, as evident by 
ª}z z®xv¬vª¥¨ ĉx¢v­Ċ £v¨¡© ¢z{ª ~¤ ª}z ©~yz ¥{ ª}z ©ª¥x¡¦~¢zC 

Ʒ During rehabilitation earthworks a x¥¤ª¨vxª¥¨Ċ© z®xv¬vª¥¨ w¨¥¡z y¥­¤A v¤y ª}~© }v© ¨z£v~¤zy 
on the site. As a result some of the rehabilitation (0.3 ha) was completed in 2019 at the lower 
end of the site, and is not yet as well developed.  

Ʒ New areas adjacent to remnant forest have been rehab ilitated to provide better integration 
between forest and rehabilitated areas.  

Soil Results  

Table 26 : Soil results for Field 20 North  

Sample ID 
Nitrate & 
Nitrite N 
(mg/kg)  

Total 
Kjeldahl N 
(mg/kg)  

Total 
Organic 

Carbon  (%) 
C:N ratio  

Total P 
(mg/kg)  

Labile 
Sulfur  

ANC as % 
CaCO3 

CI 20 North  0-0.1  47 3600  4.5  12.5  76000  60 N.A. 

CI 20 North  0.1 -0.3  17 2000  2.1  10.5  110000  17 N.A. 

CI 20 North  stockpile  4.1  250  0.42  16.8  88000  2 0.5  

 
 

Figure 27 : Site visit photograph showing good rehabilitation established in 2016 at Blowholes 107  
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Site Photographs  

Figure 29 : Site visit photograph of Field 20 North showing hard remaining soil  

6-10  Year Old Rehabilitation Sites  

Field 22 Central East (2013)  
Field inspection notes  

Ʒ Prior to rehabilitation, this site had been a fern field.  
Ʒ Rehabilitation in this site appeared to be uniformly good, with a diversity of species present 

and recruitmen t occurring.  
Ʒ Plants appeared to be generally healthy, and tree cover is developing.  
Ʒ Weeds (e.g. Sword Fern) have been sprayed. 

Figure 28 : Site visit photographs of Field 20 North, showing (a) 2018 rehabilitation and (b) 2019 rehabilitation  
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Ʒ An enclosure is being established for protecting Blue -ªv~¢zy h¡~¤¡© v¤y a~©ªz¨Ċ© \zx¡¥© {¨¥£ 
predation . 

Ʒ Given the diversity of s pecies present, recruitment, ground cover, and general good health of 
the trees, it is likely that in time, the rehabilitation will be sustainable.    

Site Photographs  

Figure 30 : Site visit photograph of Field 22 Central East  

Field 22 West (2014)  

Field inspection notes  

Ʒ Variability was observed in Field 22 West, with some notable erosion and some cryptogam 
cover present on steeper areas near transects 22 West - 1 and 22 West - 2, while rehabilitation 
performance  in other areas, including  near the remnant vegetation , was generally better.  

Ʒ Vegetation near transect 22 West - 2 was quite open with some dead trees and bare areas. The 
remaining trees were mostly Pandanus elatus, Butterfly tree Argusia argentia  and the 
introduced Jamaican Cherry.  

Ʒ Rehabilitation performance near the remnant rain forest was well established, with good tree 
growth, ground cover and litter .  

Ʒ Better areas of rehabilitation within this site are likely to be sustainable in time.  
Ʒ Poorer areas of rehabilitation, such as those with erosion and low density and cover, will 

require further monitoring and possibly maintenance before they are likely to be sustainable.  
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Site Photographs  

 

Figure 31 : Site visit photographs of Field 22 West  
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10+ Year Old Rehabilitation Sites  

24 South (2009)  

Field inspection notes  

Ʒ Field 24 South included some areas adjoining remnant vegetation (e.g. Transect Fields 24 
South - 2) where rehabilitation development was very good in terms of vegetation diversity, 
growth and health, and Robber Crabs were present.  

Ʒ Other very good areas we re present in the south -west of the site, where most trees were 
healthy, recruitment tree species were observed, birds nest ferns were present, and Sword 
Fern was mostly limited to the edges.  

Ʒ However, in some areas (e.g. Transect Field 24  South - 1), dive rsity of the taller trees was 
lower with most being Pandanus elatus. The site was very dry, with many Macaranga tanarius 
trees dead and ground cryptogams (mosses/lichens) also appeared dead.  

Ʒ No birds were observed present, although access for Red Crabs wo uld be possible.  
Ʒ Some maintenance appears to have been carried out including spraying of Mikania vine.  
Ʒ The field appeared to have an excessive amount of access tracks present. The distance 

separating some tracks was as little as 10 metres. Weed presence was increased along the 
track edges.  

Ʒ Overall, despite some variability, it appeared that this site is likely to meet its objectives.   
Ʒ Results in Field 24 South are variable, with some very good areas and others more open, with 

tree deaths and weeds (sprayed) in some areas, and variable ground cover.  
Ʒ Some maintenance may be required, but generally the site is considered likely to be 

sustainable.  

Site Photographs  

Figure 32 : Site visit photographs of Field 24 South  










































