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Figure 30: Development plan - Phase 7  

15.5.8 Phase 8 
Upon completion of Phase 7, final capping is to be applied to Area 1. All of the southern stormwater 
diversion structures are to divert stormwater away from the site, while the northern diversion structures, apart 
from the eastern-most structure, are to send water to the ponds. The eighth phase of development involves 
the landfilling of “Area 2” to a total height of 1 625 mamsl, shaping the top surface to form a 2% fall towards 
the north-west and joining Area 1. The standard cell method of operation is to be implemented and side 
slopes are to be maintained at 1:4. Runoff from the interim capped surface of Areas 3 is to be directed to the 
south western corner of Area 3 by means of surface berms, to discharge into the environment. Runoff from 
the landfilling operations in Area 2 is to be collected in the northern stormwater drain to discharge into the 
contaminated water pond. Runoff from the final capped Area 1 is to be diverted to the environment. 
Approximate values associated with this Phase are as follows: 

 Airspace = 433 400 m3; and 

 Life = 2.9 to 4.7 years.  
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Figure 31: Development plan - Phase 8  

15.5.9 Phase 9 
Upon completion of Phase 8, final capping (refer to Drawing 1418079-0605-D) is to be applied to Area 2. All 
of the southern stormwater diversion structures are to divert stormwater away from the site. Only the north-
western stormwater diversion structure is to divert runoff to the ponds, with the other two diverting runoff 
away from the site. The ninth phase of development involves the landfilling of “Area 3” to a total height of 
1 620 mamsl, shaping the top surface to form a 2% fall towards the north-west and joining the previously 
capped areas. The standard cell method of operation is to be implemented and side slopes are to be 
maintained at 1:4. Runoff from the final capped areas is to be diverted from the stormwater drains to the 
environment. Approximate values associated with this Phase are as follows: 

 Airspace = 315 075 m3; and 

 Life = 2.1 to 344 years.  
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Figure 32: Development plan - Phase 9  

16.0 SITE MAINTENANCE 

16.1 Landfill operations and plant 
Suitable equipment and resources must be made available to ensure that the waste on the landfill is properly 
spread, compacted and covered at the end of each day’s operation. The landfill equipment must therefore 
have the versatility to execute several functions, including grading and shaping. Backup plant must also be 
available in case of breakdowns.  

16.1.1 Landfilling 
A purpose-built landfill compactor designed to handle at least 350 tonnes of waste per day would be 
recommended as the main item of plant, together with an excavator or tractor-loader-backhoe (TLB) for 
loading and spreading of cover material, and for excavating disposal trenches. A tipper truck might be 
required for transporting cover material to the working face. 

16.1.2 Shaping/Covering 
For the shaping of the interim surfaces of the landfill (as per the initial shaping proposed in the Development 
Plan in Areas A, B and C) and the application of interim cover, a medium sized (D6) dozer is recommended 
as the main item of plant.  If necessary, a grader might be required to assist with the spreading and levelling 
of the interim and final cover material. These operations might also require the use of an excavator and 
tipper trucks. This shaping has been included in the capital costs for the facility and should ideally take place 
prior to construction of the water management systems.  

16.1.3 Abstraction 
Other items of plant would include a water tanker for abstraction of leachate and/or contaminated water from 
the ponds and for dust control. It is recommended, as discussed in section 11.0, that a tanker be available 
for a minimum of 2 weeks, twice a year (preferably immediately before and after the rain season).  
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16.1.4 Plant summary 
A summary of the proposed plant for landfill operations is as follows: 

 Landfill compactor (350 tonnes/day capacity); 

 Excavator or TLB;  

 D6 dozer (only required for shaping operations); 

 Additional excavator (only required for shaping/cover operations); 

 Tipper trucks (only required for shaping/cover operations); and 

 Water tanker (only required for abstraction periods or dust control).  

16.2 Stormwater and leachate drains 
Maintenance of the both the stormwater and leachate drains should be carried out on a regular basis. The V-
drains associated with stormwater management require regular desilting. This may be achieved manually 
without any additional plant. The silt trap will also require regular desilting which may be done by hand or 
with a skid steer via the access ramp.  

Leachate drains should be monitored by regular inspections of the manholes located every 100 m. If 
blockages occur, specialist rodding equipment may be required for unblocking. A standby borehole pump 
may be kept on site in case of significant blockages requiring extraction of leachate.  

16.3 Pump and systems maintenance 
It must be noted that pumps are to be maintained as per their specifications. This may require periodic 
servicing and possible replacement. The enhanced evaporation system is designed and includes 
accessories to minimise operational maintenance. The nozzles specified on the sprayers are self-cleaning to 
prevent blockages while an “auto-flush” strainer bank is also included. Overall configuration and adjustments 
to the system will be an ongoing process until optimal outcomes are achieved. Once optimised, the system 
should be largely automated by linking it to a weather station. The site operator or responsible party will 
however have to monitor and make adjustments to the system on a daily basis.  

16.4 Ponds maintenance 
In the maintenance of the two ponds, care must be taken not to damage any HDPE (black plastic) liners. 
Personnel should avoid walking on the liners. Scratches can compromise the service life of a liner. Tears or 
deep scratches to the exposed liner should be noted and repaired where necessary by a specialist 
contractor. It is possible to have patches welded over damaged areas of liner. Regular inspections of the 
exposed liners should be carried out as part of routine maintenance. For both ponds, should desilting or 
removal of precipitated solids be required, absolute care must be taken not to damage the liners. Only plastic 
spades should be used. Care must also be taken not to damage the HDPE liners with herbicides or “weed-
eaters” and other grass cutting machines. Where damage is noted, the operator should call in a professional 
liner installer to repair the damage. The liners are UV resistant and resistant to most chemicals. However, as 
the quality of the leachate can vary with time, the ponds should be monitored for unexpected degradation. 

16.4.1 Leakage sumps monitoring 
The leakage monitoring sumps associated with each pond also need to be monitored on a regular basis. 
This monitoring includes the measurement of leakage flow rates into each monitoring manhole. These flow 
rates are to be compared with relevant regulatory standards to determine whether the liner installations are 
performing adequately. If excessive leakage is experienced, a leak detection survey may need to be 
performed in order to identify any problem areas within the pond and carry out repairs. Any leakage retrieved 
from these monitoring points is to be returned into the respective pond.  
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16.5 Stormwater diversion structures 
In accordance with the various stages of the proposed development plan, the stormwater structures 
(Figure 23) to divert clean runoff away from the site will need to be adjusted. These adjustments are made 
by building and breaking down of small temporary brick walls along the stormwater drains.  

16.6 Fencing 
A 1.8 m high perimeter fence surrounding the ponds area has been included in the design. The landfill site 
itself only requires a 1.2 m high perimeter fence (in accordance with the license amendment in 
APPENDIX D), however it is noted that the ponds are liquid containment facilities which pose a potential 
health and safety risk. For this reason the fence height was increased to 1.8 m for the ponds area.  

The fence surrounding the ponds and landfill area is to be regularly inspected for damage and timeously 
repaired in order to restrict unauthorised access.   

17.0 CONCURRENT REHABILITATION 

17.1 Interim cover 
Interim cover is to be placed as indicated in the development plan. This cover consists of a compacted 
300 mm thick topsoil or cover material layer.  

17.2 Final closure and capping 
Closure must be performed under the current legal regime which primarily revolves around GN R.635 and 
636. Since these regulations are silent on capping designs, the Minimum Requirements Series and 
specifically its standards on closure will govern. In terms of the Minimum Requirements, the site classification 
based on site water balance, size of waste stream and predominant waste stream, is G:M:B+.  

Based on the fact that the site is not equipped with bottom liners, the Regulator may require stricter 
standards for closure compared to what Minimum Requirements prescribes. This may involve a more robust, 
impermeable layer due to leachate generation. It is noted that the License for the site requires  

The proposed capping design from the bottom up is as follows: 

 Compacted waste body; 

 DN75 Drainex pipe for gas drainage within waste surface layer shaped and levelled; 

 Geocomposite drain; and 

 3 mm x 150 mm compacted clayey soil layers;150 mm top soil, grassed. 
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Figure 33: Capping design 

18.0 OVERALL COSTING 
The best estimate costing (excluding electrical installations and operations) of this feasibility design is 
included in APPENDIX I. This includes the construction of the stormwater and leachate interception drains, 
ponds, evaporation/abstraction systems and miscellaneous items. Miscellaneous items include vegetative 
screening, fencing and a weather station. As per the request by Sasol, the costs for the initial shaping of the 
southern half of the landfill site in accordance with the development plan are also included. A summary of 
costs is given in Table 15.  

Table 15: Charlie 1 FEP cost estimate (excl. VAT) 

Section Amount 

Stormwater Interception R   4 804 000.00

Leachate Interception R   6 064 200.00

Stormwater Pond R   5 940 690.00

Leachate Pond R   3 653 880.00

Evaporation and Abstraction Systems R      808 800.00

Miscellaneous R   1 205 000.00

Initial Landfill Shaping R   4 685 000.00

Sub-Total R 27 161 570.00

Preliminary and General R  6 790 392..00

Sub-Total R 33 951 962.00

Contingencies R  5 092 794..00

TOTAL R 39 044 756.00
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The prefeasibility median cost presented was R 24.2 million with an upper range of R 36.4 million, although 
this excluded initial shaping of the site as well as vegetative screening. Also to be considered is the fact that 
two ponds are constructed, each with fringe and evaporative systems as opposed to the one pond proposed 
in prefeasibility.   

Given that the above cost estimate is considered a median cost, a 30% upper range is also included in 
Table 16.  

Table 16: Cost range 

Cost median Upper range (+30%) 

R 39.1 million R 50.8 million 

 

From the above information, it is recommended that Sasol secure approximately R50 million for the 
improvement of the existing landfill site. The prefeasibility study indicated that the cost of a new facility would 
be in the range of R 130 million to R 195 million (based on 2013 rates), which is significantly more expensive 
than the current upgrade cost.  

All cost estimates included in this section are based on typical current rates. 

19.0 CONSTRUCTION SCHEDULE 
A high level construction schedule has been developed in Table 17, indicating an overall timeframe of 12 to 
15 months from the start of detailed design until construction is complete. This excludes initial site shaping. It 
is proposed that initial site shaping be conducted prior to or during construction. This process is estimated to 
take approximately 3 to 4 months.  

Table 17: Construction schedule 

Description Timeframe 

Basic engineering/Detailed design 4 months 

Tender process (including tender documentation, 
adjudication and contractor appointment) 

2 months 

Construction 6 – 9 months 

Total 12 – 15 months 

 

This proposed schedule excludes any potential regulatory process delays.  

20.0 ASSUMPTIONS 
During the progress of the project the following assumptions where made: 

 Sasol will not be required by the Regulator to install a “piggy-back” liner system on the existing waste 
body in order to extend the landfill vertically (this is based on the current licence conditions); 

 Water use licensing and other regulatory processes are not part of the feasibility engineering work; 

 Validity of the previous studies done at Charlie 1; 

 Waste stream quantities are modelled on 2012 (upper range) and 2014 (lower range) values provided; 

 Waste stream volumes reporting to Charlie 1 are kept constant for the foreseeable future; 

 Recycled volumes are kept constant or improved; 

 Ratio of daily cover material to general waste is 1:5; 
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 Power will be supplied to the site for pumping and other requirements; and 

 Cost estimates are based on typical current rates for similar construction activities. 

21.0 CONCLUSION AND RECOMMENDATIONS 
The outcomes of the feasibility engineering package, including stormwater and leachate management 
systems design as well as a site development plan are as follows: 

 Leachate and contaminated stormwater systems are to be kept separate. Given the observed quantities 
of leachate present on site, it is recommended that two separate ponds be constructed; 

 It is recommended that leachate be managed through the construction of the proposed leachate 
interception drainage system and stored in a 1 500 m3 leachate pond, equipped with liner and 
enhanced evaporation systems. Additional abstraction will be required at certain stages, which may be 
sent to Sasol’s water treatment works; 

 Contaminated stormwater is to be managed by the proposed interception drainage system along the 
boundary of the site, routing this water to a separate contaminated stormwater pond. This pond is a 
15 000 m3 pond, equipped with liner and enhanced evaporation systems. Additional abstraction will be 
required at certain stages; 

 Landfilling is to continue to 15 m above ground level to obtain a feasible site life of 16 to 27 years, while 
not impacting significantly on surrounding receptors through the implementation of a vegetative screen; 

 The landfill development plan is to be implemented and maintained as a matter of urgency in order to 
validate the designs proposed in this feasibility package. The initial shaping of the southern extent of 
the site is to take place prior to construction of the ponds;  

 In accordance with the development plan, the landfill is to be effectively spilt up into 6 areas, only one of 
which is to be operational at any given time. Clean areas are to be temporarily or permanently capped 
and clean runoff from these areas is to be directed off site through the relevant diversions;  

 The cost of developing the current landfill as proposed in this feasibility engineering package is 
significantly less expensive than the expected costs associated with the development of a new landfill 
and closure of the existing landfill; and 

 The basic engineering through to construction completion is expected to take approximately 12 to 15 
months. This excludes any potential regulatory process delays.  

With the above outcomes of this feasibility engineering package highlighted, it is recommended that the 
following key considerations be taken into the basic engineering phase of this project: 

 Further refine hydrological models to confirm pond and drain sizes with abstraction requirements. 
Although the feasibility work has confirmed this on a high level, it is recommended that further details be 
added to the modelled scenario to produce refined results; 

 Details of the various systems (including the evaporative spray and first flush systems) to be updated 
and further integrated and customised to suit Sasol requirements; 

 Pond, drain and silt trap details and levels to be refined based on updated survey information; 

 Confirm proposed details of the leachate and contaminated stormwater interception measures and add 
details where necessary; 

 Review and confirm the proposed abstraction and discharge requirements for leachate and 
contaminated stormwater into Sasol’s sewage treatment works; 
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 Provide a detailed operating plan including all operating measures and maintenance associated with 
the proposed feasibility / basic engineering designs and development plan; 

 Confirm the landfill site life based on updated incoming waste volumes and an updated site survey; and 

 Update and refine the costing associated with the engineering designs and operating requirements.  

Golder Associates was commissioned by Sasol Synfuels to conduct a feasibility analysis of the proposed 
extension measures required to extend the site life of the Charlie 1 Landfill, while ensuring compliance with 
permit conditions. The proposed stormwater and leachate management systems, along with the 
development plan described in this report, fulfil the scope of work.  
 

GOLDER ASSOCIATES AFRICA (PTY) LTD.  

 

        

G Dode    SAP Brown 
Waste, Rehabilitation and Closure     Waste, Rehabilitation and Closure 
 

GD/SAPB/jep 

 

Reg. No. 2002/007104/07  

Directors: SA Eckstein, RGM Heath, SC Naidoo, GYW Ngoma  

  

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.  
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DOCUMENT LIMITATIONS 

This Document has been provided by Golder Associates Africa Pty Ltd (“Golder”) subject to the following 
limitations: 

i) This Document has been prepared for the particular purpose outlined in Golder’s proposal and no 
responsibility is accepted for the use of this Document, in whole or in part, in other contexts or for any 
other purpose.  

ii) The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject to 
restrictions and limitations. Golder did not perform a complete assessment of all possible conditions or 
circumstances that may exist at the site referenced in the Document. If a service is not expressly 
indicated, do not assume it has been provided. If a matter is not addressed, do not assume that any 
determination has been made by Golder in regards to it. 

iii) Conditions may exist which were undetectable given the limited nature of the enquiry Golder was 
retained to undertake with respect to the site. Variations in conditions may occur between investigatory 
locations, and there may be special conditions pertaining to the site which have not been revealed by 
the investigation and which have not therefore been taken into account in the Document. Accordingly, 
additional studies and actions may be required.   

iv) In addition, it is recognised that the passage of time affects the information and assessment provided in 
this Document. Golder’s opinions are based upon information that existed at the time of the production 
of the Document. It is understood that the Services provided allowed Golder to form no more than an 
opinion of the actual conditions of the site at the time the site was visited and cannot be used to assess 
the effect of any subsequent changes in the quality of the site, or its surroundings, or any laws or 
regulations.   

v) Any assessments made in this Document are based on the conditions indicated from published sources 
and the investigation described. No warranty is included, either express or implied, that the actual 
conditions will conform exactly to the assessments contained in this Document. 

vi) Where data supplied by the client or other external sources, including previous site investigation data, 
have been used, it has been assumed that the information is correct unless otherwise stated. No 
responsibility is accepted by Golder for incomplete or inaccurate data supplied by others. 

vii) The Client acknowledges that Golder may have retained sub-consultants affiliated with Golder to 
provide Services for the benefit of Golder. Golder will be fully responsible to the Client for the Services 
and work done by all of its sub-consultants and subcontractors. The Client agrees that it will only assert 
claims against and seek to recover losses, damages or other liabilities from Golder and not Golder’s 
affiliated companies. To the maximum extent allowed by law, the Client acknowledges and agrees it will 
not have any legal recourse, and waives any expense, loss, claim, demand, or cause of action, against 
Golder’s affiliated companies, and their employees, officers and directors. 

viii) This Document is provided for sole use by the Client and is confidential to it and its professional 
advisers. No responsibility whatsoever for the contents of this Document will be accepted to any person 
other than the Client. Any use which a third party makes of this Document, or any reliance on or 
decisions to be made based on it, is the responsibility of such third parties.  Golder accepts no 
responsibility for damages, if any, suffered by any third party as a result of decisions made or actions 
based on this Document. 

 

GOLDER ASSOCIATES AFRICA (PTY) LTD 
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APPENDIX B  
Charlie 1 Landfill Permit 
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APPENDIX C  
Charlie 1 Permit Boundary 
 








