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1. INTRODUCTION 

This report identifies key water resource and waste disposal issues related to the release of contaminants 
from coal ash, or coal combustion residues (CCRs), to the aqueous environment by the proposed 600-
megawatt (MW) Khanyisa Power Station proposed to be located near Emalahleni in Mpumalanga Province, 
South Africa (See Figure 1). In 2013, an environmental authorisation was granted for the proposed Khanyisa 
Power Station, but at a smaller 450-MW size (Final Basic Assessment Report). Since then, this project was 
transferred to ACWA Power Africa Holdings (Pty) Ltd (“ACWA”), which has proposed to increase the capacity 
from 450 to 600 MW. If approved, four 150-MW generating units would be built. (Environmental 
Authorisation Amendment Report)1 

No single appropriate parcel was found for the power station and associated infrastructure, including a coal 
ash dump, due to the extensive undermined coal workings in the area; therefore, the power station (also 
referred to as the “power island”) and the coal ash dump are proposed to be located in different locations. 
After reviewing alternative locations, ACWA settled on Site 6c for the power station, which has not been 
undermined. ACWA also chose Ash Site 3 for the coal ash dump—a 210-hectare rehabilitated opencast mine 
located approximately 2.7 kilometres from the power station.2 This site appears to have underground mining 
areas underneath it. (Environmental Authorisation Amendment Report) The coal ash is to be transported to 
the dump using a conveyor belt; a closed conveyor belt is proposed in order to minimize dust issues (Final 
Environmental Impact Report (FEIR)).  

Several towns and human settlements are located near these sites: Emalahleni is approximately 10 
kilometres to the north of Site 6C, and Ogies and Phola are approximately 17.5 kilometres to the southwest 
of Site 6C. (Air Quality Impact Assessment). 

The area generally drains to the southeast or to the east toward the Olifants River via non-perennial streams; 
the Olifants River then flows north (Geohydrological Evaluation). The Olifants Rivers is approximately 4 
kilometres away from the preferred Ash Dump Site 3. 

Opencast mining and rehabilitation have disturbed the natural topography of the area over the past few 
decades. The proposed ash dump located at Ash Site 3 would sit on top of and adjacent to underground mine 
voids or tunnels (FEIR, General Arrangement Overall Site Map). In addition, the current groundwater level in 
the mining area has been artificially lowered by pumping that allows access to active underground and 
opencast mines in the area. Groundwater levels are expected to rise when this pumping ends (FEIR, 2011 
Conceptual Storm Water Management Plan), potentially leading to wetting of the opencast backfill from 
below. 

The proposed power station would be one of the first plants in South Africa to use circulating fluidised bed 
(CFB) boiler technology (Waste Management Specialist Report). CFB boilers burn discard coal with a high ash 
content (approximately 50 percent) and sulphur content (approximately 2-3 percent), which is in plentiful 
supply in the vicinity of the proposed plant. The discard coal is mixed with limestone, which acts as a sorbent 
and helps control air pollution at the plant. (FEIR) As described in more detail below in Section 4.6, CFB power 
stations that burn waste coal generate significantly more toxic coal ash, or CCRs, per megawatt-hour (MWh) 
than standard units.  

 

                                                             
1 Another more recent document states that the total capacity is 600 MW and that the power station would comprise two 153-MW generating units for a total 
capacity of approximately 306 MW (Record of Recommendation). 
2 Two more recent documents in the record state that the coal ash dump is 5 kilometres from the main power plant area, without explanation for the change from 
2.7 kilometres in previous documents (IWULA/IWWMP Revision 5 and Ash Disposal Site Storm Water Management Plan). 
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Figure 1: The location of the proposed Khanyisa Power Station and associated coal ash dump 
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CCR is the non-combustible residue produced when coal is burned. It is essentially the non-carbon mineral 
matter that is naturally present in coal, and it concentrates the coal’s constituents that are not burned and 
lost as a gas. As a result, CCR has most of the same elements as the parent coal, but at much higher 
concentrations. CCR often contains high, and potentially toxic, concentrations of many substances that can 
pollute any water that comes into contact with the CCR. That polluted water is commonly called leachate, 
and it tends to be alkaline (high pH) and enriched in numerous substances, especially sulfate (SO4) and boron, 
as well as toxic heavy metals such as arsenic, cadmium, chromium, lead, molybdenum, and selenium. CCR 
leachate will commonly escape the ash and enter and contaminate natural groundwater and surface water 
systems if not managed appropriately.  

The applicant estimates that the Khanyisa Power Station would produce approximately 35 million tonnes of 
CCR over 25 years—based on a 450-MW plant that burns discard coal (FEIR), or 1.4 million tonnes per year. 
No updated figure was found in the record for the proposed 600-MW plant, but assuming that the same 
amount of CCR is generated per MW, a 600-MW plant would generate approximately 47 million tonnes of 
CCR over 25 years, or 1.9 million tonnes per year.3 

Because the coal ash dump is proposed to be located on top of an old opencast mine and underground mine 
voids, the risks of water pollution are very high should toxic metal from the ash dump leach out: “This 
opencast is directly upstream of the Olifants River and unless mitigated, will seep into the river as either 
surface or base flow. As the Olifants River feeds directly into the Witbank Dam, the impact would thus be 
environmentally unacceptable.” (Geohydrological Evaluation, p. xiii-xiv). See discussion of this and other risks 
in Chapter 4. 

Local residents expressed concerns about the coal ash dump at a 2011 meeting.  

“As far as placing the preferred dump on rehabilitated land, we are seriously concerned about the 
real possibility of contamination of our underground water. We are not convinced that this pollution 
can be avoided. The lack of current sites in similar situations against which this can be benchmarked 
is of great concern.” (FEIR, Annexure G) 

“How can we be sure that the proposed lining can withstand the pressure if it is constructed on 
rehabilitated land?” (FEIR, Annexure G) 

“How can we be sure that, whatever method is implemented is maintained during this whole period? 
This is vital because in our experience as neighbours of Anglo American (Amcoal), we found that they 
are willing to compromise on many issues in their pursuit of profit.” (FEIR, Annexure G) 

“Our health is of no concern to them.” (FEIR, Annexure G) 

This report focuses on the water pollution risks associated with the proposed coal ash dump. I reviewed the 
WULA, FEIR, numerous appendices to both documents that are often stand-alone reports, and other 
pertinent documents or source materials. My objective was to identify and evaluate some of the areas of 
concern regarding water resources, pre-existing environmental contamination, and the contamination that 
may or will result from construction and operation of the Khanyisa facility.  

  

                                                             
3 Elsewhere in the record, CCR generation is estimated based on a 300-MW plant to be approximately 25 million tonnes over 25 years, which equates to 
approximately 50 million tonnes over 25 years for a 600-MW plant (Surface Water Quality Impact Assessment). The Record of Recommendation includes yet 
other esimates: It states that approximately 579,000 tonnes of ash will be generated each year by a 306-MW plant (Record of Recommendation). 
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Chapter 2 presents key information about water pollution associated with CCRs that would be placed at the 
proposed dump. It documents the pollutants of concern, regulation of CCR disposal in the United States, and 
findings from a (U.S.) National Academies of Science, National Research Council (NRC) study on the 
placement of CCR at coal mines. It also summarizes research from the U.S. states of West Virginia and 
Pennsylvania, which demonstrates CCR-related pollution generated by sites at which CCR was placed on coal 
mines. 

Chapter 3 presents site-specific background information on the proposed Khanyisa power station and coal 
ash dump, and Chapter 4 reviews their expected water pollution impacts and mitigation measures.  

Although I have identified many critical issues regarding the proposed Khanyisa facility, my report is not 
intended to be a complete assessment of the numerous known or potential environmental issues at the site, 
nor is it a comprehensive evaluation of issues that may occur during, or result from, operation of the power 
plant for its entire lifespan.  

As summarized in Chapter 4, I identify numerous deficiencies in the analyses supporting the Integrated 
Water Use License. I also identify many potential environmental concerns from the project and find that 
pollutants placed at the coal ash dump have a high likelihood of polluting groundwater and surface water 
and harming the environment and human health. In particular, placing a toxic ash dump of this scale on a 
former opencast mining site that likely has underground mining voids beneath it presents unacceptable 
risks to water resources, the ecosystem, and human health that cannot safely be mitigated.  
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2. COAL COMBUSTION RESIDUES 

All coal-fired power plants generate CCRs. While the terms “CCR,” “coal ash,” “coal combustion product,” 
“coal combustion byproduct,” and “coal combustion waste” are often used interchangeably, this report 
follows the lead of the NRC of the National Academies of Science and the United States Environmental 
Protection Agency (USEPA) and uses “CCR” to avoid implying that these materials are destined for particular 
fates. (NRC, 2006; Federal Register, 2015)4 CCRs are by-products of coal combustion and include the non-
combustible portion of the coal itself, plus residues from air pollution control technologies (NRC, 2006). 

While the Khanyisa plant would be one of the first CFB plants in South Africa, there is a wealth of information 
available from the United States regarding the generation of CCRs from these types of plants, its 
characteristics, and the threats that CFB CCRs pose to human health and the environment when placed at a 
coal mine—as is being proposed for the Khanyisa plant. 

There are three general categories of CCR. The first category includes fly ash from a plant’s particulate matter 
control device. The second includes materials from the boiler furnace: bottom ash (or bed material for CFB 
plants) and boiler slag. The third includes residues from air pollution control technologies. In the United 
States, fly ash represents 62 percent of CCRs, materials from the boiler furnace represent 18 percent, and 
residues from air pollution control represent 19 percent. (NRC, 2006) The proposed Khanyisa Power Station 
would use CFB technology and would therefore generate CCR associated with CFB plants, which can be bed 
material and/or fly ash. 

CCRs contains high concentrations of trace elements that can discharge to groundwater and surface water, 
threatening human health and the environment. 

2.1 Trace elements 

CFB plants burn coal, discard coal, and limestone, and CFB CCRs contain non-volatile trace elements, which 
are found in naturally-occurring minerals in the coal and tend to be concentrated in CCRs as a result of the 
combustion process. “Trace elements” refer to substances that, although found in low concentrations, still 
present threats to human health or the environment when they are found in water. These include, for 
example, antimony, arsenic, barium, beryllium, boron, cadmium, chromium, cobalt, copper, lead, mercury, 
molybdenum, nickel, selenium, silver, and thallium. (NRC, 2006)  

Most trace elements found in the coal are concentrated in CCRs, and only a small portion is released to the 
atmosphere through the stack. Data from Europe, for example, shows that 86 percent of the selenium, 97 
percent of the arsenic and cadmium, 98 percent of the antimony and lead, and 99 percent of the chromium 
found in the coal is retained in CCRs. (Sabbioni et al., 1984) 

Some trace elements have nutrient value at low concentrations, but trace elements can also be toxic at 
higher concentrations. For many of the trace elements found in CCR, USEPA has issued National Primary 
Drinking Water Regulations under the federal Safe Drinking Water Act, which are used to regulate and 
provide goals for drinking water quality. Maximum contaminant levels (MCLs) are enforceable standards, 
while maximum contaminant level goals (MCLGs) are non-enforceable public health goals.5 (USEPA, 2009) 

USEPA has issued MCLs and/or MCLs for many CCR-related trace elements. For example, the arsenic MCL, 
0.01 milligrams per liter (mg/L) and MCLG (0 mg/L) protect against an increased risk of cancer, skin damage, 

                                                             
4 Much of this chapter is taken directly from expert testimony provided by Evan Hansen before the West Virginia Public Service Commission, including direct 
quotations not marked as such in this chapter (Hansen, 2017). 
5 MCLGs are “The level of a contaminant in drinking water below which there is no known or expected risk to health. MCLGs allow for a margin of safety and are 
non-enforceable public health goals.” (USEPA, 2009) MCLs are “The highest level of a contaminant that is allowed in drinking water. MCLs are set as close to 
MCLGs as feasible using the best available treatment technology and taking cost into consideration. MCLs are enforceable standards.” (USEPA, 2009) 
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and problems with circulatory systems. The antimony MCL and MCLG (both 0.006 mg/L) protect against an 
increase in blood cholesterol and a decrease in blood sugar. MCLs and/or MCLGs are also provided for 
barium, beryllium, cadmium, chromium, copper, lead, mercury, selenium, and thallium to protect against a 
wide variety of human health problems. (USEPA, 2009) 

More recently, USEPA notes “that risks from arsenic ingestion are linked to an increased likelihood of cancer 
in the skin, liver, bladder and lungs, as well as nausea, vomiting, abnormal heart rhythm, and damage to 
blood vessels…and risks from molybdenum ingestion are linked to higher levels of uric acid in the blood, 
gout-like symptoms, and anemia.” (Federal Register, 2015, p. 21451) 

2.2 Regulation in the United States 

Because of the vast quantities of CCR produced, historically poor disposal practices, and widespread evidence 
of environmental damage from CCR leachate to water resources, USEPA issued new regulations in 2015 
under subtitle D of the Resource Conservation and Recovery Act. These regulations regarding the disposal of 
CCR in landfills and impoundments recognize that: “The available information demonstrates that the risks 
posed to human health and the environment by certain CCR management units warrant regulatory controls.” 
(Federal Register, 2015, p. 21302) These regulations require the installation of groundwater monitoring wells 
at all CCR landfills and surface impoundments for the following constituents: antimony, arsenic, barium, 
beryllium, boron, cadmium, calcium, chloride, chromium, cobalt, fluoride, lead, lithium, mercury, 
molybdenum, pH, radium 226 and 228 combined, selenium, sulfate, thallium, and total dissolved solids (TDS). 

State agencies have taken actions to protect human health and the environment specifically from trace 
elements in CCRs. For example, U.S. states such as West Virginia have adopted surface water quality 
standards for many of these trace elements to protect human health and aquatic life under the federal Clean 
Water Act and corresponding state laws and regulations.6 

The West Virginia Department of Environmental Protection’s (WVDEP’s) Coal Combustion By-Product 
Utilization Policy (WVDEP, 1998) requires the submission of an Application for Coal Ash Utilization when CCRs 
are proposed to be used on a coal mine. This form requires water quality sampling and analysis for a range of 
constituents: alkalinity, aluminum, antimony, arsenic, boron, cadmium, chloride, chromium, copper, 
hardness, iron, lead, manganese, nickel, pH, phenolics, selenium, silver, sulfate, thallium, TDS, total 
suspended solids, and zinc. Also, to conform with this Policy, Clean Water Act permits for coal mines that 
receive CCR are subject to additional surface and groundwater monitoring of CCR leachates for constituents 
that include trace elements.  

Pennsylvania issued regulations on the beneficial use of coal ash in 2010. Water quality sampling is required 
for total concentrations of aluminum, antimony, arsenic, barium, beryllium, boron, cadmium, calcium, 
chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, molybdenum, nickel, potassium, 
selenium, silver, sodium, sulfur, thallium, vanadium and zinc. Water quality sampling is required for leachable 
concentrations of aluminum, ammonia, antimony, arsenic, barium, beryllium, boron, cadmium, calcium, 
chloride, chromium, cobalt, copper, fluoride, iron, lead, magnesium, manganese, mercury, molybdenum, 
nickel, nitrate, nitrite, potassium, selenium, silver, sodium, sulfate, thallium, vanadium and zinc.7 

2.3 The Committee on Mine Placement of Coal Combustion Wastes  

The NRC’s Committee on Mine Placement of Coal Combustion Wastes (“the CCR Committee”) was convened 
in response to a request from the U.S. Congress to examine “the health, safety, and environmental risks 
associated with using coal combustion wastes (CCWs) for reclamation in active and abandoned coal mines.” 

                                                             
6 See, for example, West Virginia Code of State Rules § 47-2. 
7 Pennsylvania Code § 25-290.201. 
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(NRC, 2006, p. 22). It was charged with addressing 11 points, which included, among others, the adequacy of 
surface water and groundwater data collection, impacts on aquatic life, whether CCRs and mines they are 
being placed on are adequately characterized to ensure that monitoring programs are effective and water is 
not degraded, and whether clear performance standards are set and assessed for projects that use CCR for 
beneficial purposes. (NRC, 2006, p. 22-23) 

While the CCR Committee observed that placing CFB CCR at coal mines can, in some situations, reduce the 
generation of acid mine drainage (AMD) due to its alkaline and cementitious properties, it also observed that 
“…some uncertainty remains regarding the long-term stability of cementitious ash and whether these low 
hydraulic conductivities can be maintained in the environment over time” (NRC, 2006, p. 67). The CCR 
Committee also documented that CCR contains high levels of trace elements and that CCR placement on coal 
mines can mobilize these pollutants and pollute groundwater and surface water, threatening human health 
and the environment. This pollution can occur quickly or can take place over months or years. Additional key 
observations and conclusions include the following: 

 “…[T]he committee concludes that the presence of high contaminant levels in many CCR leachates 
may create human health and ecological concerns at or near some mine sites over the long term.” 
(NRC, 2006, p. 4) 

 “Contaminants derived from CCRs have the potential to enter drinking water supplies, surface water 
bodies, or biota at unacceptable concentrations…, thereby creating risks to human health and the 
environment.” (NRC, 2006, p. 59) 

 “Contaminants entering groundwater can be transported away from the CCR source area potentially 
resulting in the degradation of drinking water supplies or of surface-water quality.” (NRC, 2006, p. 
76) 

 “Large contaminant plumes could form where leaching rates are moderate to high, where there is 
substantial water flow through the CCRs…, and where the CCR emplacement zone covers a sizable 
aereal extent.” (NRC, 2006, p. 78) 

 “…it may take many years before groundwater contamination from CCR mine disposal reaches 
down-gradient monitoring wells.” (NRC, 2006, p. 78) 

 “…CCRs may be effective in neutralizing AMD and therefore reducing the overall transport of 
contaminants from the mine site. However, several potentially toxic constituents in CCRs are mobile 
at neutral or alkaline pHs. Thus, the committee concludes that acid neutralization will not reduce the 
mobility of all contaminants of concern from the CCR.” (NRC, 2006, p. 79) 

2.4 Documented pollution from the placement of coal combustion residues on coal mines 

2.4.1 West Virginia 

A review of four sites in the U.S. state of West Virginia at which CCRs were placed on coal mine sites reveals 
trace element water quality impacts linked with the use of CCR. Trace elements were found in outfalls, 
downstream surface waters, and/or in groundwater—confirming the risks of water pollution should 
mitigation measures fail. At two sites, very high levels of conductivity and total dissolved solids (TDS), which 
indicate potential pollution from CCR, were also found. Data for these four sites included original field 
monitoring data conducted by the author of this report and/or field monitoring data collected by permittees 
or their consultants. These sites include: (1) Stacks Run Refuse Site Extension, (2) Albright, (3) CORESCO, and 
(4) New Hill West. 

Results for the first two sites, the Stacks Run Refuse Site Extension and Albright, are summarized in a report 
entitled “Water Quality Impacts of Coal Combustion Waste Disposal in Two West Virginia Coal Mines” 
(Hansen and Christ, 2005)  
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The Stacks Run Refuse Site Extension covered 59 acres and was permitted in 1991. No coal was removed; 
instead, the site was to be used to dispose of coal refuse and CFB CCR. CCR was first applied at this site in 
early 1992 and continued for about seven-to-ten years. Based on permitted amounts, an estimated 1.5 to 2.2 
million tons of CCR may have been placed at this site. (Hansen and Christ, 2005) 

The Albright site was a 47-acre surface mine that was reclaimed with the use of CCR as backfill. Patriot 
received its permit for this site in 1989, and as of 2000, CCR placement was completed and the site was 
reclaimed. CCR came from three sites, and the two larger sites provided CFB CCR. (Hansen and Christ, 2005) 

Permittee self-monitoring data was analyzed outfalls, instream locations, and groundwater. Very high levels 
of several trace elements were found in surface and groundwater downgradient from both sites. High 
concentrations of these pollutants often occurred when pH effects from CFB CCR were observed. High 
concentrations of selenium and thallium were found at the Stacks Run Refuse Site Extension almost a decade 
following the beginning of mine disposal of CCR.  

Other key conclusions included the following: 

 Monitoring documented trace metal pollution in surface waters and groundwater, and patterns of 
pollution over time suggested that CCR contributed to and/or mobilized trace elements into the 
receiving stream.  

 Very high selenium and arsenic levels are also documented in groundwater beneath the Albright site. 

 Very high levels of selenium have been documented downgradient from CCR disposal sites at these 
mines. Self-monitoring data documented selenium concentrations up to 120 times the surface water 
quality standard in a stream near the Stacks Run Refuse Site Extension. 

Results for the third site, CORESCO, are summarized in a report entitled “Water Pollution in Crafts Run and 
Robinson Run, Monongalia County, West Virginia” (Hansen and Askins, 2011). 

Original field monitoring data and permittee self-monitoring data were compiled in this report. Three 
CORESCO Clean Water Act permits discharged to Crafts Run and Robinson Run at that time. The first was for 
CORESCO’s preparation plant, related facilities, and two refuse disposal areas. The second covers the Crafts 
Run Refuse Disposal facility. The third regulates discharges from the Crooked Run Quarry. The primary 
purpose of each of the permits was coal waste disposal. Each refuse disposal area accepted large amounts of 
CCR. Evidence of CCR-related trace element pollution was found in several locations along Crafts Run and 
Robinson Run. While boron was not detected upstream, boron concentrations were significantly higher in all 
other locations. Several outfalls discharged arsenic and selenium at concentrations that exceeded surface 
water quality criteria. Beryllium concentrations at two instream monitoring locations exceeded the surface 
water quality criterion. The maximum arsenic concentration at one instream monitoring location exceeded 
the surface water quality criterion. Also, very high levels of conductivity (exceeding 1,000 and reaching over 
2,500 μmhos/cm) and TDS (exceeding 1,000 and reaching over 3,000 mg/L) were recorded. These 
measurements indicate potential pollution from CCR. (Hansen and Askins, 2011) 

Results for the fourth site, New Hill West, are summarized in expert testimony provided by the author of this 
report before the West Virginia Environmental Quality Board related to a Clean Water Act permit (WVEQB, 
2011). Permittee self-monitoring data from the New Hill Surface Mine Complex, where CCR has been placed 
as part of recent mining operations, show discharges of selenium at or above West Virginia’s surface water 
quality criterion. Also, permittee self-monitoring data from a nearby surface mine that was mining the same 
coal seam and was using CCR in a similar manner as the New Hill West mine showed levels of arsenic many 
times higher than the West Virginia surface water quality criterion. Based on this testimony and the 
testimony of others, the Environmental Quality Board issued an Order that remanded this permit 
modification to WVDEP and required WVDEP, among other things, to include an effluent limitation for 
selenium and to perform a reasonable potential analysis for arsenic. In addition, conductivity concentrations 
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reached 1,316 μS/cm from an outfall and ranged from approximately 1,300 to 2,100 in the receiving stream. 
TDS concentrations were also very high. The selenium, arsenic, conductivity, and TDS measurements indicate 
potential pollution from CCR. (WVEQB, 2011) 

2.4.2 Pennsylvania 

A 2007 report examined monitoring data from 15 sites at which CCR was placed on coal mines in the U.S. 
state of Pennsylvania, to determine if any degradation of groundwater or surface water has occurred. The 
hypothesis being tested was whether the data allow one to state definitively that the use of CCR has not 
caused or contributed to contamination. Detailed analyses of these sites revealed the following deficiencies:  

1. “characterization of sites insufficient to establish monitoring systems that will detect pollution from 
ash;  

2. inadequate numbers of groundwater and points;  
3. not enough baseline data;  
4. insufficient frequency of data collection;  
5. significant lapses in data collection;  
6. analysis of monitoring samples at detection limits too high to monitor the creation of toxic 

conditions;  
7. failure to monitor indicator parameters that would readily differentiate ash contamination from 

mine pollution;  
8. inadequate records describing dates, quantities, and locations of ash placement; and  
9. the absence of monitoring after the completion of ash placement.” (Stant et al., 2007, p. vi) 

Even so, the authors found clear indications of water quality degradation due to the placement of CCR at coal 
mine sites: 

“Despite these deficiencies, which occurred in varying degrees in all permits, substantive evidence 
exists of degradation of groundwater and/or surface water from [CCR] in two-thirds of the permits, 
based on rising trends in concentrations of [CCR] contaminants at relevant ash monitoring points. 
Specifically, the authors found that in 10 of the 15 minefills studied, coal ash contributed to degraded 
water quality. In three other cases, degradation was occurring but the data were insufficient to 
differentiate the causes of the degradation. For one minefill, water quality improvement occurred in 
some parameters as a result of gob removal and ash placement while coal ash appeared to cause 
degradation in other parameters, and at one mine site, water quality improvement occurred as a 
result of remining and ash placement. Even in these last two cases however, the authors found that 
post-project monitoring was far too brief to assert that water quality improvements were more than 
temporary.” (Stant et al., 2007). 

2.5 Other studies related to water quality impacts of coal combustion residues 

Many peer-reviewed journal articles describe pollutants associated with CCRs. A review article of over 90 
publications on CCRs finds: “Coal ash is viewed as a major potential source of release of many 
environmentally sensitive elements to the environment.” (Izquierdo and Querol, 2012, p. 54) It further 
clarifies that the mobility of certain trace elements in the ash varies by pH, with some elements mobilized at 
low pH and other elements mobilized at low pH (Izquierdo and Querol, 2012). Other articles focus on CCR-
related pollutants in South Africa (Koukouzas et al., 2011), Bangladesh (Lemly, 2017), India (Pandey et al., 
2011), and China (Ruwei et al., 2013). 
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2.6 Coal ash treated as hazardous waste in South Africa 

In its identification of waste streams expected to be produced by the Khanyisa Power Station, the applicant 
identifies CCRs, with an estimated classification of “Hazardous (H:H or H:h).”8 (Waste Management Specialist 
Report) Because it is classified as hazardous waste, the CCR must be covered overnight. (FEIR) 

The applicant also states: “Once in operation, ash samples must be tested to determine whether it can be de-
listed based on its toxicity.” (Waste Management Specialist Report, p. 18) In the same report, the applicant 
states:  

“It is recommended that once the [Khanyisa Power Station] has been commissioned and an ash 
stream is available, samples should be collected and analysed. Interpretation of these results should 
be conducted by a suitably qualified toxicologist and an application submitted for ash ‘de-listing’, if 
applicable.” (Waste Management Specialist Report, p. 23) 

In other words, after an initial presumption that the CCRs will be a hazardous waste, there is a clear 
indication that the applicant will attempt to reclassify it.  

 

                                                             
8 “H:H” is defined as “All hazard rating landfill site” and “H:h” is defined as “Hazard rating 3 & 4 and General waste landfill.” (Waste Management Specialist 
Report) 
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3. BACKGROUND 

3.1 Topography 

According to the applicant:  

“The landscape is characterised by slightly undulating plains, including some low hills and pan 
depressions. The terrain is dominated by level to gently undulating plains with limited relief at 
tributaries of the Olifants River. The altitude range is 1,540-1,560 [metres above mean sea level].” 
(Final Basic Assessment Report, p. 24) 

Opencast mining and rehabilitation have disturbed the natural topography of the area over the past few 
decades, including the preferred Ash Dump Site 3. The area generally drains to the southeast or to the east 
toward the Olifants River via non-perennial streams; the Olifants River then flows north. (Geohydrological 
Evaluation) 

3.2 Climate 

According to the applicant, most rain falls in the summer, from October to March, and especially in 
December and January. Winter months are typically dry and cold. Mean annual precipitation is reported as 
650-900 millimetres (mm) (Final Basic Assessment Report), and long-term average total annual rainfall is 
reported to be 730-750 mm (Air Quality Impact Assessment) or 696 mm (Geohydrological Evaluation). June, 
July, and August are the driest months of the year (Air Quality Impact Assessment). 

3.3 Geology and soils 

According to the applicant, faults are rare, but “fractures are common in competent rocks such as sandstone 
and coal.” (FEIR, p. 223) Fractures are preferential flowpaths that can transport pollution quickly from the 
coal ash dump to groundwater and surface water. In fact, as illustrated below in Figure 4, the applicant 
acknowledges that any polluted water that discharges into the opencast below the coal ash dump would 
migrate toward the south and southeast, reaching the Olifants River within 20 years. The Geo-hydrological 
Assessment explains:  

“Based on the modelling results which depict the worst case scenario of a leaking liner, it is 
interesting to note that the pollutants from all ash dams, and even the power plant site, will 
eventually end up in the south-eastern opencast, designated 2A at this stage. This opencast is 
directly upstream of the Olifants River and unless mitigated, will seep into the river as either surface 
or base flow. As the Olifants River feeds directly into the Witbank Dam, the impact would thus be 
environmentally unacceptable.” (Geohydrological Evaluation, p. xiii-xiv, emphasis in original). 

Most of the proposed Khanyisa development and infrastructure would be on top of a ferricrete soil layer, 
which forms “a moderately impermeable barrier between the soils and the groundwater environment, 
restricting the vertical infiltration of surface and soil water through the vadose zone” (FEIR, p. 223) However, 
the soil at the ash dump site is made up of rehabilitated materials on top of the opencast, and the ferricrete 
soil layer is no longer intact (FEIR, p. 237); therefore, this layer cannot be counted on to prevent water 
pollution from reaching groundwater and surface water from the coal ash dump.  

In addition, the likely presence of underground mining tunnels under the ash dump site would greatly 
increase the spread of pollution from the site:  
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“the hydraulic conductivity of a rehabilitated opencast area is very high and pump tests will 
barely result in measurable drawdown… [due to the ease with which water moves]. In addition, 
the opencasts are directly connected to the remaining underground mine voids; with extremely 
high conductance, comparable with large diameter pipes rather than typical aquifer material.” 
(Geohydrological Evaluation, p. 35) 

The geology and soils at the coal ash dump site present significant challenges. Fractures that are common 
in the vicinity of the proposed coal ash dump, together with the disturbance of the ferricrete layer, make it 
even more likely that any CCR pollution that is not kept above the coal ash dump liner and captured by the 
leachate collection system will quickly travel through groundwater toward the Olifants River. 

3.4 Sources of coal, limestone, and water 

The availability of an estimated 130 million tonnes of discard coal in the vicinity of the proposed Khanyisa 
power station is the “primary stimulus” for this project. (FEIR, p. 2) The amount of discard coal is expected to 
increase by the time the plant is commissioned, as “arising coal” from active mines in the area are estimated 
to produce another 3-5 million tonnes of discard coal per year (Surface Water Quality Impact Assessment). 
The discard coal would come from the Klippan and Blauwkrans dumps (FEIR and Environmental Authorisation 
Amendment Report). 

There are no suitable limestone deposits in Witbank area. Limestone will therefore need to be transported to 
the plant from elsewhere. For the 450-MW plant, it was estimated that 580,000 tonnes of limestone per year 
would be needed. (FEIR) Scaling this to 600 MW, approximately 773,000 tonnes of limestone may be needed 
each year. 

CFB boilers also need water. Water would be provided by the eMalahleni Water Reclamation Plant, which 
treats water from Anglo’s collieries in the area, as well as from BHP Billiton and Xstrata mines (FEIR). A new, 
dedicated pipeline is proposed to convey this water to the power station (Final Basic Assessment Report). 

3.5 Mpumalanga Biodiversity Conservation Plan 

The Mpumalanga Biodiversity Conservation Plan is described as follows: 

“The Mpumalanga Biodiversity Conservation Plan (MBCP) (Ferrar & Lötter, 2009) is a spatial 
assessment of the conservation value of land in Mpumalanga and a decision support tool to assist 
planners and decision makers in sustainable land-use planning. The MBCP is regarded as the 
foundation for a provincial Biodiversity Conservation Strategy, as required by law. Mpumalanga's 
biodiversity has been ranked into six categories by the MBCP. The first four categories (protected 
areas, irreplaceable areas, highly significant areas, important & necessary areas) are not considered 
to be available for development via EIA but should be managed as living landscapes, whereas the last 
two categories (areas of least concern and areas with no natural habitat remaining) are considered 
available for development via EIA. 

Much of the general vicinity of the study areas has been classified as least concern or no natural 
habitat remaining, because of high levels of habitat transformation and fragmentation. Areas of 
natural grassland have been classified as “Important” and “Necessary”, including those grasslands 
within the study area. 

Guidelines for each MBCP category are given to assist planners and decision-makers. The land-use 
guidelines for Important and Necessary areas allow for restricted industrial development (which 
would include power plants) and restricted linear engineering structures, but not surface mining or 
dumping.” (Final Basic Assessment Report, p. 26-27, emphasis added) 
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3.6 Nearby surface waters 

As mentioned above, the land surface generally drains toward the Olifants River via non-perennial streams 
(Geohydrological Evaluation). The applicant states that, “[b]ased on this GIS information, there are no natural 
surface water resources (streams, wetlands, or water bodies) located on and/or close to the site.” (FEIR, p. 
xviii) 

The assertion that there are no nearby surface waters is disputed by local residents: 

“It is stated page XIV ‘that there are no natural surface water... etc located in and close to the site’ 
(According to GIS information) WE DISPUTE THIS REMARK. When Kleinkopje started their opencast 
on the northern side (adjacent to some farms owned by PJ du Plessis, A Lombaard, WJ du Plessis and 
again PJ du Plessis and HC du Plessis) they approached PJ du Plessis (Natie) [to] sign off that they can 
mine through a fountain that was feeding the stream following through the mentioned properties, 
he only gave consent on the condition that the rehabilitation is done in such a way that the runoff be 
fed back into the original stream. A letter, from the mine was issued to cement this undertaking. This 
stream joins up with Witbank dam. Any uncontrolled runoff from the proposed IPP site could pollute 
the whole stream right into Witbank dam, as well as the boreholes on these farms. WHAT 
MEASURES CAN BE TAKEN to avoid this? Your report is silent on this issue!” (FEIR, Annexure G) 

Elsewhere in the record, the applicant identifies the Kleinkopje-Klippan Dam, a stormwater dam, as the only 
waterbody close to the site. It is identified as being approximately 800 metres south of the site and as being 
part of the mine’s dirty water management system. (FEIR and Surface Water Quality Impact Assessment) The 
applicant also identifies a wetland approximately 300 metres west of the coal ash dump (Surface Water 
Quality Impact Assessment). 

The applicant’s Surface Water Quality Impact Assessment Report, however, shows several waterbodies and 
wetlands near the proposed coal ash dump site in Figures 3.2 and 3.4, and Figure 3.4 shows headwater 
streams starting in close proximity to the south and east of the coal ash dump site and flowing to the 
southeast. (Surface Water Quality Impact Assessment) 

The applicant notes that the site is directly upstream of the Olifants River and that unless pollution is 
mitigated, “it will seep into the river as either surface or base flow.” (Geohydrological Evaluation, p. xiii-xiv). 

Elsewhere in the record, the applicant suggests that surface waters have not yet been mapped: 

“Any waterways and non-perennial streams associated with the proposed POWER PLANT area will 
need to be mapped out on a detailed topographic survey, and the development of these areas 
discussed with the relevant authorities in terms of the ESIA and listed activity implications…” (FEIR, p. 
237) 

 

The applicant’s contradictory information describing nearby surface waters must be reconciled and 
considered in the permitting process. No survey of any seasonal streams or rivers appears to have been 
completed; therefore, the applicant has not identified which surface waters need to be monitored—and 
when. Without reliable information about all surface waters, the applicant cannot properly model 
potential pollutant flows from the coal ash dump. If pollutants reach surface waters during a season in 
which they are flowing, this would result in the rapid transport of pollutants downstream. 

3.7 Existing surface water pollution in the area 

According to the applicant, coal has been mined in the area since the 1890s, and coal continues to be 
extensively mined in the Upper Olifants sub-catchment, particularly in the central and eastern areas, 
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including the sub-catchments of the Riet, Klein Olifants and the main stem of the Olifants River (Surface 
Water Quality Impact Assessment). 

Past and current mining in the vicinity of the proposed power station and coal ash dump has degraded water 
quality in “all streams and rivers” in the area (Surface Water Quality Impact Assessment, p. 10). This AMD is 
characterized by water with low pH, high concentrations of total dissolved solids (TDS), and high 
concentrations of metals. The applicant reports that an estimated 50 ML/day of AMD enters the Upper 
Olifants River catchment. This reduces the pH of the receiving streams and produces siltation downstream. 
According to the applicant, mining effluent accounts for a sulphate load of approximately 12,000 tonnes/year 
in Mpumalanga, and the amount of mine effluents discharging from defunct coal mines in the upper 
catchment could be as high as 62 million m3/year (Oelofse et al., 2009, as reported in Surface Water Quality 
Impact Assessment). 

Nearby waters are polluted by AMD and other pollutants: 

“Mine water in the catchment of the Witbank Dam and Middelburg Dam is rich in calcium, magnesium 
and sulphate, and is acidic. This is of major concern, as dissolved metals become insoluble at pH levels 
below 5.5 causing the water to become toxic to plant and fish life and corrosive to pipelines and 
equipment. In addition to the impact of existing mining activities on the water resources, the Olifants 
River catchment is also exposed to: 

 High levels of suspended solids from increased mining, industrial, and power generation within 
the catchment. 

 Microbial pollution from poorly operated wastewater treatment works, runoff from informal 
settlements and urban areas, agricultural return flows, and runoff from mining and industrial 
complexes (Oelofse, et al., 2009). 

It is clearly evident that water quality in the Olifants River catchment is in crisis as a result of the wide 
variety of activities taking place within the catchment. The primary source of pollution is the mining 
operations and mineral processing activities that take place all over the catchment. This is exacerbated 
by irrigation return flows, increase sediment caused by poor agricultural practices and overgrazing, as 
well as uncontrolled release of sewage effluent and urban runoff (Environmental Assessment 
Technologies, 2005).” (Surface Water Quality Impact Assessment, p. 10) 

Groundwater and surface water are linked, and pollution from the proposed coal ash dump would further 
stress the Olifants River: 

“The Olifants River will be polluted due to leachate [from the Khanyisa coal ash dump]. The Olifants 
River Catchment is already stressed therefore the groundwater forms an important recharge 
mechanism to the baseflow of this system and can not further be contaminated cumulatively 
therefore any material that is stored on surface must be contained in such a manner that it cannot 
leach into the groundwater system.” (Groenewald Memo, p. v) 

As detailed below in Section 3.8, groundwater data collected in boreholes in the vicinity of the proposed 
project demonstrate pollution consistent with polluted mine water. 

3.8 Existing groundwater pollution in the area and Khanyisa’s hydrogeologic assessment 

The hydrogeologic assessment, based on boreholes found during the hydrocensus, is inadequate. 

Local residents are also very concerned about potential groundwater pollution: 

“What is of grave concern is the possibility of leaching from the ash dump site. While we appreciate 
that using a liner is the safest method, but as more [fully] described in the PSR report the life of a liner 
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is finite. Section 2 paragraph 36 (from containment to contamination: The risk of exposure, states: 
“even more worrying is placing the liner on unstable ground. We do not see how the liner could cope 
with this. Refer paragraph 47 of page 9 of the section “coal ash: the toxic treat..‟ paragraph 47 states “ 
the rate of leaking may be affected by.....‟ the underlying geology..... etc and further „another 
essential safeguard is a leachate collection system that collects the leachate that develops and pump 
the dangerous chemicals back into the lined unit. What provision is made for this?” (FEIR, Annexure G) 

A total of 12 boreholes are described by the applicant. These include five existing boreholes—GUW002, 
KKW05, KKW13, KKW14, and KKW42—identified during a hydrocensus, plus seven additional boreholes 
drilled in 2011 (See Figure 2 and Table 1). Pairs that include shallow and deep boreholes were drilled in close 
proximity to each other, in order to monitor the perched and deeper fractured aquifers independently. These 
boreholes were used to establish groundwater elevations and to monitor groundwater quality in the 
rehabilitated opencast under the proposed coal ash dump and under the proposed power station site.  

Because of the presence of the rehabilitated opencast mine, underground mining tunnels, and existing 
contamination, the site is very complex. This network of boreholes is not adequate to evaluate the geologic 
complexity and hydrogeologic conditions for such a large area. Ash Site 3 is approximately 210 hectares, and 
the area is too large and hydrologically complex to be characterized and monitored with twelve boreholes—
especially because only a single borehole, KHBH3, is located upstream from the site.  

The applicant’s geohydrological evaluation prepared for the Environmental Impact Assessment is also 
inadequate because measurements were only taken once, on July 7, 2011 (Geohydrological Evaluation), 
which is in the middle of the driest season of the year (Air Quality Impact Assessment). However, Appendix E 
of the geohydrological evaluation includes data collected from four of the 12 boreholes from six different 
dates from 2009 through 2011; these results are summarized in Table 2. 

Table 2 also compares monitoring results against two thresholds related to the water’s suitability for human 
consumption: Class I (recommended operational limit) and Class II (maximum allowable concentration for 
short term use only) (Geohydrological Evaluation). Results are highlighted if they exceed the Class I or Class I 
thresholds. 
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Figure 2: Existing and newly drilled boreholes 
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Table 1: Newly drilled borehole labels and objectives 

Label  Objective  

KHBH1  
Downstream from Ash 3 within the rehabilitated opencast. Determine baseline water quality & monitoring of 
the impact of the ash dam on the artificial aquifer. Confirm/verify depth of mined out coal floor.  

KHBH2  
Downstream from Ash 3 within the rehabilitated opencast. Determine baseline water quality & monitoring of 
the impact of the ash dam on the artificial aquifer. Confirm/verify depth of mined out coal floor.  

KHBH3  
Upstream of Ash 3 within the rehabilitated opencast. Determine baseline and upstream water quality. 
Confirm/verify depth of mined out coal floor.  

KHBH4D  
Upstream of Site 6C (Power plant). Determine baseline and upstream water quality within the fractured Ecca 
aquifer.  

KHBH4S  
Upstream of Site 6C (Power plant). Determine baseline and upstream water quality within the near surface 
weathered Ecca aquifer.  

KHBH5D  
Downstream from Site 6C (Power plant). Determine baseline water quality & monitoring of the impact of the 
Power plant on the fractured Ecca aquifer.  

KHBH5S  
Downstream from Site 6C (Power plant). Determine baseline water quality & monitoring of the near surface 
weathered Ecca aquifer.  

Source: Copied from Geohydrological Evaluation, Table 3. 

According to the applicant: “Boreholes KKW05, 13 and 14 are clearly impacted upon by mining operations 
(low pH, high concentrations of SO4 and Mn/Fe).” (Geohydrological Evaluation, p. xiii) The data summarized 
in Table 2 confirms this conclusion, but also demonstrate the following: 

 Exceedances of Class I and/or Class II thresholds were also documented for certain parameters for all 
eight boreholes that were monitored. 

 Four of the 12 boreholes were not monitored at all, including Boreholes KHBH1, KHBH2, KHBH3, 
KHBH4S. 

Many of the exceedances were significantly above even the Class II thresholds. For example, sulphate 
concentrations in Boreholes KKW13 and KKW14 were often more than twice the Class II threshold of 600 
mg/L. Aluminum concentrations in these two boreholes were sometimes more than 10 times the Class II 
threshold of 0.5 mg/L. These results support the more general conclusions about the widespread pollution 
found in the nearby area, as described above in Section 3.6. 

Nonetheless, the applicant uses its flawed borehole network to make claims about the predevelopment 
“background” quality of groundwater at the proposed power plant and ash dump, even though no 
monitoring results have been reported since 2011 and no effort has been made to establish seasonal 
variability for most boreholes.  

The Department of Water Affairs geohydrologist who reviewed the Khanyisa materials concluded that a more 
intensive groundwater investigation—and more specifically, geochemical studies—should be required 
(Groenewald Memo). 

Insufficient data has been collected from the 12 boreholes upon which to characterize water quality. Water 
quality data was not collected from four of the 12 boreholes, and for four of the other boreholes, water 
quality data was only collected once during the driest season in 2011. Without sufficient data collected in 
different years and seasons, variations in groundwater elevations or pollution concentrations may not be 
observed. Even so, exceedances of Class I and/or Class II thresholds were documented for certain 
parameters for all eight boreholes that were monitored. It is my opinion that the borehole data provided 
by Khanyisa to regulatory authorities may not characterize the true extent of the contamination presently 
emanating from the proposed ash dump site, and any decisions about licensing the ash dump would 
therefore be based on insufficient evidence.  
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Table 2: Groundwater monitoring results from boreholes 

Borehole/ 
Date pH 

EC 
(mS/m) 

TDS 
(mg/L) 

MALK 
(mg/L) 

Cl 
(mg/L) 

SO4 
(mg/L) 

F 
(mg/L) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Na 
(mg/L) 

K 
(mg/L) 

Al 
(mg/L) 

Fe 
(mg/L) 

Mn 
(mg/L) 

KKW05               
2009/05/19 6.3 176 1586 116 54 875   251 113 24 9 0.01 0.01   
2009/09/23 7.2 137 1125 136 8 646   176 87 22 0 0.02 0.01   
2010/01/21 6.2 124 902 9 6 587   93 79 19 8 0.09 0.04   
2010/10/27 6.3 127 1222 18 9 740   169 90 20 8 0.02 0.02   
2010/12/20 6.6 140 1410 116 10 733   183 97 19 7 0.04 0.16   
2011/07/07 6.6 120 1122 114 9 707 0.5 198 104 17 12 <MDL 0.26 2.72 
KKW13                
2009/05/19 4.7 159 2406 0 49 2100   487 131 19 4 3.00 0.11   
2009/09/23 4.9 316 3600 0 8 1956   415 312 49 0 6.60 0.08   
2010/01/21 4.5 308 2713 0 8 1988   406 316 49 7 5.64 0.07   
2010/10/27 4.6 299 3734 0 8 1901   434 322 31 10 3.83 0.05   
2010/12/20 4.8 290 2125 0 10 1970   161 180 25 7 0.53 0.01   
2011/07/07 4.5 194 2158 <MDL 5 1585 1.9 313 222 21 10 3.30 0.11 3.12 
KKW14                
2009/05/19 4.1 64 2110 0 58 1240   421 120 5 1 2.45 0.04   
2009/09/23 4.8 182 1808 0 3 1415   373 66 26 0 7.35 0.13   
2010/01/21 4.3 155 1514 0 4 863   295 64 22 3 5.67 0.04   
2010/10/27 5.0 164 1780 16 4 908   408 49 10 3 2.65 0.01   
2010/12/20 6.0 199 3599 26 6 2590   404 311 36 10 2.88 0.00   
2011/07/07 4.7 151 1599 <MDL 2 1158 1.6 349 77 8 4 4.29 0.03 1.23 
KKW42                
2009/05/19 7.1 63 411 142 50 220   55 39 31 1 1.47 1.00   
2009/09/23 7.6 65 430 157 7 143   52 37 29 0 0.04 0.03   
2010/01/21 6.8 54 221 132 15 108   45 30 30 1 0.00 0.05   
2010/10/27 6.5 68 528 121 8 184   58 43 33 1 0.00 0.00   
2010/12/20 7.0 65 585 167 9 173   54 41 34 8 0.04 0.00   
2011/07/07 7.0 65 497 176 6 227 0.3 61 54 39 1 0.01 0.25 0.06 
GUW002               
2011/07/07 7.2 24 149 112 7 20 0.4 22 12 18 3 <MDL 0.10 0.12 
KHBH4D               
2011/07/07 8.0 13 78 58 <MDL 8 0.3 9 6 13 3 0.01 0.23 0.05 
KHBH5D               
2011/07/07 6.3 7 47 23 11 6 1.3 5 2 7 2 <MDL 3.19 0.19 
KHBH5S                
2011/07/07 6.3 213 1191 23 602 20 2.0 65 48 33 408 <MDL 9.12 2.19 
Class I 5 - 9.5 150 N/A N/A 200 400 1 150 70 200 50 0.3 0.2 0.1 
Class II 4 - 10 370 N/A N/A 600 600 1.5 300 100 400 100 0.5 2 1 

Source: Geohydrological Evaluation, Table 6 and Appendix E. Note: Results shown as bold/underline exceed the Class II threshold. Results shown as bold exceed the Class I threshold but not the Class II threshold. 
Class I and Class II thresholds not provided in Geohydrological Evaluation, Table 6.
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4. POTENTIAL RISKS TO WATER RESOURCES FROM THE PROPOSED 
KHANYISA POWER PLANT 

As described above, the applicant proposes to place the coal ash dump at Ash Site 3—a rehabilitated 
opencast mine located approximately 2.7 kilometres from the power station. (Environmental Authorisation 
Amendment Report) This site is located in an area in which surface water and groundwater are both already 
heavily polluted from coal mining activities. 

The chapter presents details on the proposed coal ash dump, including the proposed mitigation measures, 
and draws conclusions regarding the sufficiency of those measures and the potential for the site to further 
pollute groundwater and surface water. 

The applicant acknowledged the risk of water pollution associated with the disposal of coal ash generated by 
the Khanyisa Power Station, both in 2012 when the original application was filed, and in 2015 when the 
revised application was filed: 

“The disposal of ash has the potential to pollute water resources, including the contamination of 
groundwater from leachate and the contamination of surface water from discharge of ash pond 
effluent...” (FEIR, p. 108) 

“The disposal of ash has the potential to pollute water resources, including the contamination of 
groundwater from leachate and the contamination of surface water from discharge of ash pond 
effluent. Literature review also confirms that indirect consumption of ash dam effluent contaminants 
(e.g. selenium) can result from the consumption of livestock that has consumed water or pasture 
contaminated by ash slurry. It is therefore important to effectively restrict access to the ash dams.” 
(Environmental Authorisation Amendment Report, p. 42-43) 

4.1 The conceptual model of water and pollutant flows from the coal ash dump 
demonstrates that the ash dump site is highly permeable and could rapidly transport 
toxic pollutants through the aquifer and towards the Olifants River 

Figure 3—which is copied directly from the applicant’s geohydrological evaluation prepared for the 
Environmental Impact Assessment—clearly illustrates the ash dump’s threat to groundwater. It illustrates the 
applicant’s conceptual model, which starts by recognizing that siting the ash dump on a rehabilitated 
opencast is a “complicated situation.” (Geohydrological Evaluation, p. xi). 

As shown above in Figure 3, the CCR would be partially buried beneath the existing restored level of the 
opencast backfill, but most waste would be placed above the restored level like a traditional landfill. 
According to the applicant, partial burial of the CCR would reduce the depth of opencast backfill beneath the 
liner, thereby reducing potential settlement that could affect the integrity of the liner. (FEIR) 

The liner system proposed for the coal ash dump, more fully described in Section 4.3, includes a series of 
layers designed to prevent leachate from leaking into groundwater and to detect leaks should they occur. 

The rehabilitated opencast mine is directly below the proposed ash dump. The hydraulic conductivity of the 
rehabilitated opencast is very high. This means that if polluted water reaches the opencast (for example, 
through a leak in the liner), it will then travel very quickly through the opencast. 

The rehabilitated opencast is directly connected to underground mine voids with “extremely high” hydraulic 
conductivity. In fact, the hydraulic conductivities of these mine voids are “comparable with large diameter 
pipes rather than typical aquifer material.” (Geohydrological Evaluation, p. xi) 
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Water and associated pollutants, after reaching the opencast, are expected to flow mostly horizontally, in a 
southerly direction, until reaching an underground mine void. Once in the mine void, the water and 
pollutants will flow away from the ash dump even faster. (Geohydrological Evaluation) 

Figure 3: Conceptual model of water and pollutant flows from the coal ash dump 

 

Source: Copied from Geohydrological Evaluation, Figure 4. Note: The coal ash dump is referred to as an “ash dam” in this figure. 

The key factor for predicting the pathway of pollution from the coal ash dump to groundwater and, 
ultimately to surface water, is the proposed placement of the dump on top of a rehabilitated opencast. Siting 
the ash dump in this manner means that the moderately impermeable ferricrete layer, found elsewhere in 
the area, is not found at the coal ash dump and therefore does not restrict the infiltration polluted water into 
the ground. 

Not only is the ferricrete layer absent, but also the backfill used to rehabilitate the opencast is highly 
permeable: “Highly permeable backfill was used in the rehabilitation of the old opencast mines which would 
cause rapid vertical migration of contaminants.” (Geohydrological Evaluation, p. 32). 

In fact, the whole area is so disturbed that the applicant abandoned a geophysical survey that was originally 
intended to identify possible dykes, faults, and/or fracture zones that may act as groundwater flow barriers 
or pathways, because “such preferred groundwater flow zones have thus been mined out/destroyed” 
(Geohydrological Evaluation, p. x). 

An additional important risk is related to the groundwater pumping currently undertaken in the area at 
underground coal mines to make the coal seams accessible. As discussed in Section 4.4, that pumping will 
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eventually cease, at which time groundwater elevations will rise. Rising groundwater levels create additional 
risks of interactions with the CCR itself, or with CCR-contaminated water leaking from the coal ash dump. It 
may also threaten the integrity of the liner and leachate collection system. 

The applicant assessed the susceptibility of the aquifer to be potentially contaminated by anthropogenic 
activities and classified the aquifer susceptibility as medium/high (Geohydrological Evaluation). The applicant 
also documented the aquifer protection classification and concluded that: 

“…a medium/high level of protection is needed to adhere to DWA’s water quality objectives. This 
however does not mean that management systems and mitigation measures may be neglected. 
Reasonable and sound groundwater protection measures are still required to ensure that no 
further cumulative pollution affects the aquifer, even in the long term.” (Geohydrological 
Evaluation, p. 33, emphasis in original)  

The applicant modeled the likely impact of pollution from the ash dump, should the mitigation measures fail, 
and produced maps of pollution plumes. Figure 4, for example, is the applicant’s map of the projected plume 
after 20 years. These plumes confirm that pollution will travel approximately four kilometres from the coal 
ash dump to the southeast after 20 years. “After 20 years the plume is expected to impact the Olifants River.” 
(Geohydrological Evaluation, p. 50) 

Figure 4: Pollution plume after 20 years 

 

Source: Geohydrological Evaluation, Figure 15. 
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4.2 Khanyisa’s plan to locate the coal ash dump within and atop existing underground 
mining voids and backfilled opencast pits is irresponsible and poses a high and 
unacceptable risk to water resources 

According to the applicant, the following criteria were required to be considered in the site selection process 
for the coal ash dump: 

• “Areas in proximity to significant surface water bodies; 
• Sensitive ecological and/or historical areas; 
• Catchment areas for important water resources such as dams; 
• Areas overlying or adjacent to important or potentially important aquifers; 
• Areas overlying or adjacent to major fault zones; 
• Areas with highly permeable soils; 
• Areas associated with steep slopes; and 
• An area in close proximity to land uses which are incompatible with waste disposal.” (FEIR, p. 57)  

According to the applicant, none of the three sites considered for the ash dump, including the chosen Ash 
Site 3,  

“are near to significant surface water bodies, sensitive ecological and/or historical areas, steep slopes, 
highly permeable soils, land uses which are incompatible with waste disposal or in areas important for 
water resources such as dams, overlying or adjacent to important or potentially important aquifers, or 
overlying or adjacent to major fault zones.” (FEIR, p. 58) 

As noted above, this is incorrect and contradicted by the FEIR, which shows that the ash dump would sit on 
highly permeable opencast backfill and underground mining tunnels that are close to the Olifants River and 
wetlands. Thus, the ash dump site fails many of the criteria that should guide selection of an appropriate site. 

The applicant also noted: “…a small pan is a minimum of 100 [metres] away, the minimum buffer width 
recommended by the hydrologist.”) (FEIR, p. 58) 

As discussed in more detail in Section 3.8, the applicant presents contradictory information describing 
nearby surface waters that must be reconciled before solid conclusions can be drawn on this topic. Also, the 
Olifants River is only approximately four kilometres from the proposed ash dump, and it is close enough for 
a plume of CCR-polluted water to migrate to the river within 20 years, according to the applicant’s own 
modeling (See Figure 4).  

Ultimately, according to the applicant, the following factors were used to select Ash Site 3: 

• “Geotechnical stability 
• Size 
• Proximity to the ash source 
• Biophysical sensitivity of the site 
• Visual impact on surrounding landscape” (FEIR, p. 58) 

Mining has occurred, or is occurring, under all three sites considered for the coal ash dump: “The presence of 
mine workings below Ash Site 1 introduces the potential risk of subsidence occurring in the future.” (FEIR, p. 
xv) Ash Site 2 is “an operating open cast mine”. (FEIR, p. xv) 
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The chosen Ash Site 3 is a former opencast site that was rehabilitated and backfilled with opencast material 
from the excavation. It has a maximum depth of approximately 25-35 metres. The site is covered with long 
grass and has been used for agricultural production or livestock grazing since being mined. The site measures 
3,500 by 600 metres, or approximately 210 hectares. (FEIR) 

Although the EIR states that Ash Site 3 fulfills “all the technical and environmental criteria and is therefore 
the preferred alternative” (FEIR, p. xv), concerns over this site remain. These concerns include, for example, 
placing a coal ash dump above a rehabilitated opencast and underground mine voids and the eventual 
termination of groundwater pumping at nearby coalmines, which would cause groundwater elevations to rise 
and create additional risks of interactions with the CCR itself, or with CCR-contaminated water leaking from 
the coal ash dump, or with the liner and leachate collection system. 

Moreover, recently promulgated federal regulations in the United States prohibit the construction of CCR 
landfills in unstable areas: 

“An existing or new CCR landfill…must not be located in an unstable area unless the owner or 
operator demonstrates…that recognized and generally accepted good engineering practices have 
been incorporated into the design of the CCR unit to ensure that the integrity of the structural 
components of the CCR unit will not be disrupted. The owner or operator must consider all of the 
following factors, at a minimum, when determining whether an area is unstable: (1) On-site or local 
soil conditions that may result in significant differential settling; (2) On-site or local geologic or 
geomorphologic features; and (3) On-site or local human-made features or events (both surface and 
subsurface).”9 

Clearly, the proposed coal ash dump is in an unstable area because it is located on a reclaimed opencast and 
above underground mine voids. 

The proposed coal ash dump would not be approved in the United States because it is located in an 
unstable area, based on on-site, human-made features—the reclaimed opencast and the underground 
mine voids. 

Further, the applicant notes that the opencasts will most likely be acid-generating and require treatment—
even without considering the additional CCR-related pollutants generated at the coal ash dump 
(Geohydrological Evaluation). In fact, as described above in Section 3.6, AMD is already common in mine 
drainage, groundwater, and surface water in the vicinity of the proposed coal ash dump.  

The applicant summarizes this situation as follows: “In summary thus, pollution that might emerge from the 
ash dam is likely to impact on the south-eastern opencast, however this water will have to be treated before 
release into the Olifants River.” (Geohydrological Evaluation, p. xiv) 

AMD requires expensive, long-term treatment, in order for discharges to be clean enough not to threaten 
human health and the environment. This can only be accomplished if the applicant commits to monitoring 
and treatment in perpetuity.  

Due to past or current mining, none of the three sites that were considered, including the selected Ash Site 
3, are suitable for a coal ash dump. Existing underground mining voids and backfilled opencast pits create 
opportunities for subsidence, which would threaten the integrity of the liner and leak detection system. 
Past mining also disturbed the ferricrete soil layer that, if intact, would have created a moderately 
impermeable barrier. Further, the high hydraulic conductivities in reclaimed opencasts and nearby 
underground mine voids will allow CCR pollutants that leak from the ash dump to travel rapidly through 
groundwater and surface water. In addition, when groundwater levels rise after pumping in the area ends, 

                                                             
9 U.S. Code of Federal Regulations § 40-257.64. 
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additional complications may arise. In my opinion, there is no safe coal ash disposal method above a 
reclaimed opencast and underground mine voids, and the Khanyisa ash dump site creates an unacceptable 
risk to the environment and water resources. 

4.3 The liner does not conform to accepted standards and is prone to fail due to risk of 
subsidence and potential flooding from below. 

The applicant considered four ash disposal methods and settled on “above-ground ash dumping,” whereby 
CCR is stacked and spread on the ground to create an “ash dump” that is built in stages, or cells. In order for 
the ash dump to prevent pollution of groundwater or surface water, the mitigation measures, including the 
liner system, must not fail, even decades into the future. But the reality is that liners can and do fail, and this 
risk increases over the decades that the toxic ash dump will continue to exist.  

The applicant modeled a “worst case scenario” of a leaking liner and found that pollutants from the ash 
dump “…will eventually end up in the south-eastern opencast, designated 2A at this stage. This opencast is 
directly upstream of the Olifants River and unless mitigated, will seep into the river as either surface or base 
flow. As the Olifants River feeds directly into the Witbank Dam, the impact would thus be environmentally 
unacceptable.” (Geohydrological Evaluation, pdf xiii-xiv, emphasis added) 

While the applicant describes a leaking liner as a “worst case scenario,” liners do leak. This is one reason 
why U.S. regulations require monitoring to continue for 30 years after landfill closure. It would therefore be 
more appropriate to describe a leaking liner as a “reasonably likely scenario.” In this situation, the liner 
also faces additional risk from subsidence due to collapse of underground mining voids and also from the 
potential for the groundwater level to rise and interact with the liner once pumping in the area ceases. 

The applicant proposes a management framework with the following objectives: 

• “Minimisation of waste. 
• Contain pollution as far as is practicably possible on the ash dam. 
• Reduce the level of contamination outside the ash dam boundaries. 
• Adopt a user driven approach for the ground water quality. 
• Implement a suitable ground water monitoring programme.” (Geohydrological Evaluation, p. 64) 

At the coal ash dump, the applicant proposes the following mitigation measures: 

 liners,  

 leachate containment, and 

 leachate treatment (Geohydrological Evaluation). 

Elsewhere in the record, the applicant also describes the following mitigation measures: 

 dust management and rehabilitation planning and 

 establishment of groundwater and surface water quality in order to provide a baseline for regular, 
long-term monitoring (Environmental Authorisation Amendment Report). 

According to the applicant:  

“…no pollution should emerge from the dams if the system operates to design parameters. However, 
there is always the possibility of a leaking liner and that the pollutants from the ash dam could reach 
the aquifer below.” (Geohydrological Evaluation, p. xiv, emphasis added) 

In other words, impacts of the coal ash dam on groundwater and surface water will only be “low to minimal” 
if these mitigation measures are properly installed and maintained (FEIR), and if they continue to work in 
perpetuity.  
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The applicant’s proposed leachate collection system includes primary and secondary systems. The primary 
system would use perforated, smooth bore, high-density polyethylene or polypropylene pipes embedded in 
the upper 300 mm-thick leachate collection layer; a collection sump; and a side-slope riser. The secondary 
system would be similar to primary system, but with a smaller side-slope riser. (FEIR) 

One of the most important components of the mitigation measures is the liner itself, because the liner 
creates the barrier between the CCR and its leachate and the porous rock directly beneath the ash dump, 
which would carry water and pollutants quickly through the rehabilitated opencast, via undergound mine 
voids, to groundwater and ultimately to surface water.  

The Preliminary Technical Design Report models the coal ash dump and concludes that “the integrity of the 
lining system is not likely to be compromised in the short and long term.” (Preliminary Technical Design 
Report, p. 22) However, the model does not appear to take into consideration the fact that the ash dump is 
to be located on top of underground mining voids and a reclaimed opencast, which create opportunities for 
subsidence that would threaten the integrity of the liner (See Section 4.2). 

The applicant describes the liner system as follows, from top to bottom: 

o 300-mm primary leachate collection layer, 
o 150-mm soil protection layer,  
o 1 No. 2-mm double-textured FML/HDPE geomembrane, 
o 1 No. geosynthetic clay liner, 
o 100-mm thick silt/sand support layer, 
o 1 No. protective geotextile, 
o 150-mm leakage detection and collection layer; 
o 1 No. geosynthetic clay liner, 
o 150-mm base preparation layer, and 
o OCCS backcast backfill. (Preliminary Technical Design Report) 

Other documents in the record provide less detailed, but similar, descriptions of the liner system (Disposal 
Liner Typical Lining Details & Storm Water Drainage Details Map, Civil Queries Clarification Response) 

For comparison, federal regulations in the United States provide the following requirements for CCR landfill 
liners: 

“(b) A composite liner must consist of two components; the upper component consisting of, at a 
minimum, a 30-mil geomembrane liner (GM), and the lower component consisting of at least a two-
foot layer of compacted soil with a hydraulic conductivity of no more than 1 × 10−7 centimeters per 
second (cm/sec). GM components consisting of high density polyethylene (HDPE) must be at least 
60-mil thick. The GM or upper liner component must be installed in direct and uniform contact with 
the compacted soil or lower liner component. The composite liner must be: 

(1) Constructed of materials that have appropriate chemical properties and sufficient 
strength and thickness to prevent failure due to pressure gradients (including static head 
and external hydrogeologic forces), physical contact with the CCR or leachate to which they 
are exposed, climatic conditions, the stress of installation, and the stress of daily operation; 

(2) Constructed of materials that provide appropriate shear resistance of the upper and 
lower component interface to prevent sliding of the upper component including on slopes; 
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(3) Placed upon a foundation or base capable of providing support to the liner and 
resistance to pressure gradients above and below the liner to prevent failure of the liner due 
to settlement, compression, or uplift; and 

(4) Installed to cover all surrounding earth likely to be in contact with the CCR or leachate.”10 

Converting the thicknesses specified in the U.S. regulations to mm, which are used by the applicant, the U.S. 
regulations requires the geomembrane liner to be at least 0.76 mm thick, or 1.5 mm thick if it is an HDPE 
liner.11 The applicant specifies a thickness of 2 mm for the top HDPE geomembrane liner, which conforms 
with the U.S. regulation. However, the applicant’s proposed liner system does not include a layer of soil at 
least 2 feet thick, with a hydraulic conductivity of no more than 1 × 10−7 cm/sec, below the geotextile liner. 
Instead, it includes a silt/sand support layer that is only 100 mm, or 0.33 feet, thick. This is a significant 
difference.  

Further, U.S. regulations require that the liner be placed on a base capable of resistance to pressure gradients 
that include settlement below the liner. Siting the ash dump on top of underground mining voids and a 
reclaimed opencast creates significant risks of settlement that would not meet these regulations. Additional 
settlement may occur under the proposed ash dump site—over and above what may be expected if no 
further mining were conducted. 

According to the Department of Water Affairs geohydrologist who reviewed the Khanyisa materials, “…pillars 
are still to be mined out which will cause subsidence and can damage the liner at a later stage.” (Groenewald 
Memo, p. v) 

According to the Department of Water and Sanitation Civil Design Comments and Recommendations 
regarding the proposed ash dump, “The ash disposal site is to be located on rehabilitated ground, which was 
formally an opencast site. The compaction during backfilling cannot be confirmed, therefore the suitability of 
the rehabilitated area as disposal site is uncertain, which could compromise the integrity of the barrier 
system below the ash dump.” (Bhebhe Memo) 

While U.S. regulations for CCR landfills do not apply in South Africa, they are instructive. The proposed liner 
system does not conform to U.S. regulations. In my opinion, based on the information I have seen, the liner 
system is prone to high risks and is likely to fail. Leachate carrying CCR-related pollutants would therefore 
be more likely to leach from the coal ash dump, contaminating groundwater and threatening human 
health and the environment.  

While some portions of the Preliminary Technical Design Report have been made a part of the record, other 
portions have not. For example, the available version of the Preliminary Technical Design Report includes 
only the first page of the Table of Contents and does not include any of the other front matter, if there is any. 
It then skips to page 16 and starts with Section 6.2. The Executive Summary and Chapters 1-5 are entirely 
missing. These chapters, which include numerous subsections, are as follows: 

1. Introduction 
2. Review of Site Conditions 
3. Review of Existing Ground Conditions, Ground Model & Engineering Parameters 
4. Site Infrastructure 
5. Earthworks 

                                                             
10 U.S. Code of Federal Regulations § 40-257.70(b). 
11 Liner thicknesses in the U.S. regulations are specified in mils; 1 mil equals one-thousandth of an inch, or 0.0254 mm. 30 mils equals 0.76 mm, and 60 mils 
equals 1.5 mm. 
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While all of these chapters likely include important information, Subsection 2.1.2, titled “Inherent Fatal 
Flaws,” is particularly important to share with the public. 

Because the information in the record is incomplete, a full evaluation of the applicant’s proposed liner 
system cannot be completed; however, it is important to note that even a single tear in the liner could 
allow water and pollutants to seep from the coal ash dump into groundwater and surface water, 
threatening human health and the environment.  

Because the information in the record is incomplete, a full evaluation of the applicant’s proposed leachate 
collection and treatment system also cannot be completed; however, it is important to note that if this 
system fails at any time in the future, water and pollutants may seep from the coal ash dump into 
groundwater and surface water, threatening human health and the environment.  

As noted above, based on the information publicly available, the leachate and liner systems appear to have 
serious design flaws, and also face considerable risk from subsidence at the site and flooding of acidic 
water should current groundwater pumping to reduce the level of the aquifer stop. 

Ongoing groundwater monitoring will be crucial to demonstrate whether pollutants are being kept onsite. 
However, as documented in Section 4.5, the network of boreholes is insufficient to track a plume of 
pollutants from the coal ash dump that would travel toward the Olifants River, and the proposed 
monitoring program omits many pollutants associated with CCR. 

4.4 Groundwater elevations must be carefully monitored and controlled 

Groundwater elevations must be carefully monitored and controlled, because if groundwater comes into 
contact with the liner and the CCR, it can carry CCR-related pollutants quickly for long distances. 

Groundwater elevations in the vicinity of the proposed coal ash dump must be interpreted with care. 
According to the applicant: 

“Under undisturbed conditions, a linear relationship can be expected to exist between groundwater 
levels and surface topography. This is however not the case in the project area as historical and 
current opencast and underground mining, mine dewatering and rehabilitation activities has altered 
the static water level and natural groundwater flow directions significantly. Water levels in each of the 
measured boreholes must be interpreted in context of the area they are located.” (Geohydrological 
Evaluation, p. xii) 

Markedly different elevation data are provided in different locations within the record. According to the 
digital elevation model used by the applicant in its modeling of the potential pollution plume, surface 
elevations at the coal ash dump site are approximately 1,570 to 1,590 metres. The applicant provides 
groundwater elevation maps for current conditions, which show groundwater elevations of approximately 
1,550 metres at the coal ash dump site. (Geohydrological Evaluation) These maps, therefore, suggest that 
groundwater elevations would be approximately 20-40 metres below ground level (mbgl). 

In contrast, another document in the record states that the current groundwater level is approximately 100 
mbgl (2011 Conceptual Storm Water Management Plan). This is a significant difference. 

Table 3 summarizes the static water levels measured in boreholes in July 2011 for the six boreholes near the 
coal ash dump. The closest boreholes to the site, KHBH1, KHBH2, and KHBH3, were dry. These three 
boreholes were drilled into the rehabilitated opencast at the edge of the proposed coal ash dump site (See 
Figure 2). According to the applicant, “This can be expected due to mining of the north-west dipping coal 
seam and associated dewatering.” (Geohydrological Evaluation, p. xii) These boreholes were drilled to depths 
of 19.36, 19.20, and 25.08 metres, respectively, indicating that groundwater levels are lower than these 
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depths at these locations. This is consistent with the elevations shown on the maps, as described 
immediately above. 

Groundwater is very close to the surface at Boreholes KKW13 and KKW14. As shown above in Figure 2, these 
boreholes are located directly east of the proposed ash dump; the black underground mine boundary shown 
in Figure 4 clarifies that these two boreholes are located outside of the underground mining area.  

The other borehole, KKW05, is located south of the proposed coal ash dump and appears to be located inside 
of the underground mining area. The static water level, 21.93 mbgl, is significantly lower than the level at 
KKW13 and KKW14. 

Table 3: Static water levels at boreholes near the proposed coal ash dump 

Borehole 
Static water level 

(mbgl) 
KHBH3 Dry 
KKW13 2.92 
KKW14 3.50 
KHBH2 Dry 
KHBH1 Dry 
KKW05 21.93 

Source: Geohydrological Evaluation, Table 5. Note: Measurements 
were taken on July 7, 2011. 

Groundwater levels in the vicinity of the coal ash dump are further complicated because water is currently 
pumped from underground coal mines to make the coal seams accessible. While pumping will likely continue 
for decades, the pumping will eventually be switched off. At that time, groundwater levels will gradually 
increase. (FEIR, 2011 Conceptual Storm Water Management Plan) Rising groundwater levels create additional 
risks of interactions with the CCR itself, or with CCR-contaminated water leaking from the coal ash dump. It 
may also threaten the integrity of the liner and leachate collection system. For example, rising groundwater 
could mobilize additional CCR-related pollutants and quickly transport those pollutants off-site. This risk of 
interaction is compounded by the fact that the CCR would be partially buried beneath the existing restored 
level of the opencast backfill. The depth of burial is not provided in the record (or, at least, it was not found in 
legible form within the materials found in the record). 

The record does not state the elevation that groundwater will return to after pumping stops, nor does it 
compare that elevation with the elevation of the partially buried CCR in the coal ash dump. One statement in 
the record asserts that “groundwater rebound is unlikely to affect the backfill during the design life of the 
landfill” (2011 Conceptual Storm Water Management Plan, p. 23); however, the record provides no 
calculations of the projected groundwater elevation after it rebounds, nor does it recognize that the coal ash 
dump will continue to hold ash, and the pollutants in the ash, in perpetuity—even after the design life of the 
landfill. These are significant omissions that must be rectified in order for the water quality impacts of the 
coal ash dump to be properly quantified. 

By partially burying the CCR, the lowest CCR elevation will be lower than it would be if the CCR were placed 
on top of the current ground elevation. It therefore would be more likely to interact with groundwater, 
which would interact with CCR pollutants and direct those pollutants offsite. This has even greater 
potential to occur should the current pumping of underground coal mines be terminated, because 
groundwater levels would then rise. The lack of analysis of the impacts of stopping the pumping is a 
significant omission that must be rectified in order for the water quality impacts of the coal ash dump to be 
properly quantified.  

Another issue related to groundwater levels is that the opencasts to which pollution from the coal ash dump 
would flow will decant, meaning that polluted water will naturally flow out of the opencasts unless the 
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groundwater level is actively managed. (Geohydrological Evaluation) The applicant acknowledges: “It is thus 
imperative that the groundwater level in the opencast will have to be managed and groundwater emanating 
from the opencast will have to be treated.” (Geohydrological Evaluation, p. xiv) 

While the applicant acknowledges that AMD will decant from the opencasts and will need to be mitigated, 
no single mitigation measure is proposed.  

In summary, the record raises important unanswered questions regarding the impact of groundwater levels 
on water quality. The applicant does not state the elevation that groundwater will return to after pumping 
stops, nor does it compare that elevation with the elevation of the partially buried CCR in the coal ash dump. 
And the applicant, while acknowledging the problem of AMD decanting from the opencasts, does not 
propose a mitigation method. These issues require additional, careful study before this project should be 
approved. Based on the facts in the record, together with the unanswered questions, it is my opinion that it 
would be risky and dangerous to allow the coal ash dump to be built in the proposed location. 

4.5 The groundwater monitoring program is insufficient 

The applicant’s proposed monitoring program is to be implemented via the boreholes described above, with 
the recognition that the groundwater monitoring network should be expanded in the future if pollutants are 
migrating through the aquifer, infrastructure is expanded, or pollution sources are added. Table 4 
summarizes the parameters to be tested; major and minor constituents are to be tested quarterly. Certain 
CCR-related pollutants will not be included in the monitoring program. As described above in Chapter 2, 
regulations in the United States require the installation of groundwater monitoring wells at all CCR landfills 
for the following constituents: antimony, arsenic, barium, beryllium, boron, cadmium, calcium, chloride, 
chromium, cobalt, fluoride, lead, lithium, mercury, molybdenum, pH, radium 226 and 228 combined, 
selenium, sulfate, thallium, and TDS. Many of these constituents are missing from the applicant’s proposed 
groundwater monitoring program. 

The Department of Water Affairs geohydrologist who reviewed the Khanyisa materials concluded that 
gypsum and mercury should be added to the list of parameters (Groenewald Memo). 

Table 4: Monitoring program proposed by the applicant 

Parameter Frequency Notes 
Physical   
Static groundwater level Monthly  
Rainfall Daily  
Groundwater abstraction rates Monthly If present 
   
Chemical   
Major parameters Quarterly Ca, Mg, Na, K, NO3, SO4, Cl, Fe, Mn, B, Alkalinity, pH, EC, TPH 
Minor constituents Quarterly Cr, Cr6, Ni, As, Cu, Pb, Cd, Zn 
Other stable isotopes Ad hoc  

 

While the groundwater monitoring program includes some CCR-related parameters, it is missing antimony, 
barium, beryllium, cadmium, cobalt, mercury, molybdenum, selenium, silver, and thallium. If these 
parameters are omitted, the monitoring program may miss certain harmful pollutants known to be 
associated with CCR, which may threaten human health and the environment. 

Moreover, additional boreholes are needed to establish a reliable long-term monitoring network. As 
illustrated in Figure 2, the boreholes are generally located in an arc near Site 6c and Ash Site 3, and all but 
one borehole near the coal ash dump are to the east or southeast of the site. If pollutants migrate from the 
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coal ash dump into groundwater, the applicant’s modeling suggests that a plume of pollution will travel 
toward the southeast toward the Olifants River, as depicted by the pink plume in Figure 4.  

The proposed monitoring network is inadequate to monitor potential contamination stemming from the 
coal ash dump. Additional boreholes located further south and southeast of Ash Site 3 should be drilled and 
monitored, in order to establish baseline conditions in the expected pathway for the plume of pollution to 
travel from the coal ash dump toward the Olifants River. Should the site be permitted and opened, 
monitoring in these additional boreholes would be critical to ensure that pollution is not migrating off the 
site toward the Olifants River (should elevated pollutant concentrations be found at KHBH1 or KHBH2). 

Additional boreholes to the north, south, and west of the coal ash dump should also be drilled and 
monitored, to ensure that pollution does not migrate in directions not predicted by the applicant’s model. 

4.6 The applicant’s estimated coal combustion residue production rate appears to be 
incorrect and may grossly underestimate CCR generation 

The record includes different estimates of the amount of land required for the coal ash dump. Two 
documents state that 140 hectares would be required to handle 25 years of CCR disposal from a 450-MW 
plant (Surface Water Quality Impact Assessment and FEIR). The FEIR also includes an estimate of 186 
hectares for a 600-MW plant (FEIR). A third document estimates that 140 hectares would be required for a 
300-MW plant, 197 hectares for a 450-MW plant, and 252 hectares for a 600-MW plant (Scoping Report). 
Other more recent documents provide this same 140-hectare estimate, but for a 306-MW plant 
(IWULA/IWWMP Revision 5, Record of Recommendation). These estimates include the area needed for 
disposal cells and allow for areas as reserve for future disposal area development and/or as a source for 
landfill cover material. A different page of the most recent IWULA/IWWMP provides a much smaller 
estimate: 28.4 hectares (IWULA/IWWMP Revision 5). 

The ash disposal site is proposed to be divided into individual cells with the capacity to accommodate one 
year of ash. According to the design described in the FEIR, 20 cells would accommodate 20 years of CCR 
generation based on a 450-MW power station. (FEIR) A more recent document describes the ash disposal site 
as having 30 cells to accommodate a 30-year lifetime of a 300-MW plant; however, this document does not 
provide an estimate of CCR generation (Ash Disposal Site Storm Water Management Plan) 

The applicant estimates that the Khanyisa Power Station would produce approximately 35 million tonnes of 
CCR over 25 years—based on a 450-MW plant that burns discard coal (FEIR). The same document states that 
the coal ash dump was designed to accept the ash generated over a 20-year period, which would be 
expected to generate a total of approximately 28 million tonnes (or 2.3 million m³) of ash (FEIR).12 These 
estimates are equivalent on a per-year basis: 28 million tonnes over 20 years and 35 million tonnes over 25 
years both average 1.4 million tonnes per year. 

The 2017 IWULA/IWWMP does not state how much CCR would be produced by the Khanyisa plant, although 
it does state that the coal ash dump will be designed with a storage capacity of 28 million m³ of ash 
(IWULA/IWWMP Revision 5). Note that this estimate is in volume units of m³ and not in mass units of tonnes, 
even though it uses the same 28 million figure as in the FEIR. The Record of Recommendation provides an 
estimate of approximately 579,000 tonnes per year for a 306-MW plant (Record of Recommendation). This 
rate of ash generation is significantly lower than the rate calculated in the 2012 FEIR.No updated figure was 
found in the record for the proposed 600-MW plant, but assuming that the same amount of CCR is generated 

                                                             
12 28 million tonnes over 20 years is the same as 35 million tonnes over 25 years. 
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per MW as in the FEIR, a 600-MW plant would generate approximately 47 million tonnes of CCR over 25 
years, or 1.9 million tonnes per year.13 

This amount of CCR generated per year corresponds to a CCR production rate of 0.36 tonnes CCR per MWh.14 
For comparison, the average CCR production rate at CFB plants in the United States is 0.76 tonnes CCR per 
MWh (USEIA, 2018).15 The rate projected by the applicant for the Khanyisa Power Station appears to be low 
by about one-half. 

The applicant should review and revise its estimate of the amount of CCR generated each year at the 
Khanyisa Power Station to ensure that it includes both fly ash and bottom (bed) ash, and that the rate is 
consistent with existing plants in other countries. If the CCR generation rate is, in fact, low, then the 
proposed coal ash dump—which is already undersized because it is designed for a plant considerably 
smaller than 600 MW—would be even more undersized, and the mitigation measures proposed for the 
dump would need to be redesigned in order to minimize the risk of water pollution. 

CFB plants generate significantly more CCR per MWh than standard plants. In the United States, for example, 
the average CCR production rate at CFB plants, 0.76 tonnes CCR per MWh, is about 19 times higher than the 
average CCR production rate at standard units: 0.04 tonnes CCR per MWh.16  

4.7 The coal ash dump design has not been updated to handle a 600-MW power station 

According to the updated documents provided for the 600-MW plant, the coal ash dump was not redesigned 
to handle the CCRs from a 600-MW plant: 

“Increasing the power station capacity will also increase the amount of ash to be disposed of. The 
capacity of the ash disposal facility must therefore be increased in order to not minimise the lifespan 
of the facility.” (Environmental Authorisation Amendment Report, p. 43) 

“The ash disposal facility has been designed to accommodate the amount of waste produced 
throughout the lifespan of the 450MW power station. Increasing the capacity of the power station to 
600MW will result in ash disposal facility having insufficient capacity at some stage during the 
operational phase of the project. Increasing the capacity of the power station will therefore have 
quite a significant impact on the ash disposal facility if the size of the facility is not increased.” 
(Environmental Authorisation Amendment Report, p. 43, emphasis added) 

The applicant is clear that the proposed ash dump cannot handle the additional ash created by a 600-MW 
plant: 

“The potential impact of increased quantity of ash produced through the increased generation 
capacity (450mw to 600MW) of the station is expected to be the most significant. The increased 
generation capacity is expected to reduce the planned life of the ash disposal facility by 
approximately 30%, should the capacity of the ash facility not be similarly increased. Therefore, an 
extension of the currently planned ash disposal facility will be required prior to the end of life of the 
power station.” (Environmental Authorisation Amendment Report, p. 45) 

The applicant attempts to justify this omission as follows: 

                                                             
13 Elsewhere in the record, CCR generation is estimated based on a 300-MW plant to be approximately 25 million tonnes over 25 years, which equates to 
approximately 50 million tonnes over 25 years for a 600-MW plant (Surface Water Quality Impact Assessment). 
14 This calculation assumes a capacity factor, or dispatch factor, of 100% (FEIR). 
15 This calculation is based on data reported to the U.S. Energy Information Administration for fluidized bed combustion plants that report both fly ash and bottom 
(bed) ash from fluidized bed combustion units. 
16 These standard units may include different fuels at the same plant, including some fuels that do not generate ash; however, this factor only accounts for a 
portion of the 19-fold difference between CCR production rates.  
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“Should the capacity of the ash facility not be increased, the expected life span of the ash disposal 
facility will be reduced by 30%. An extension of the currently planned ash disposal facility will be 
required prior to the end of life of the power station. This can be done at a later date, as the current 
design of the ash disposal facility will be sufficient to cater for the nature of the ash produced by a 
600 MW power station (albeit not for the volume).” (Environmental Authorisation Amendment 
Report, p. 49) 

The most recent documents describe a coal ash dump designed for even smaller plants: a 300-MW plant (Ash 
Disposal Site Storm Water Management Plan) and a 306-MW plant (Record of Recommendation). 

It is undisputed that the coal ash dump is designed for a plant significantly smaller than 600 MW, and that 
the proposed 600-MW plant would generate significantly more CCR. As mentioned in the following 
subsection, the available storm water management plans (SWMPs) have not been updated to address the 
additional CCR generated by a 600-MW plant, and the applicant acknowledges that the ash dump, as 
designed, cannot handle this additional CCR. It would be inappropriate to permit this site if it is known at 
the outset to be undersized, with the hope that the ash dump can be extended in the future. An 
insufficiently sized coal ash dump that cannot handle the additional CCR could lead to failure of the liner 
and leak detection system, in which case trace elements and other pollutants would discharge from the 
coal ash dump into groundwater and surface water, threatening human health and the environment. 

4.8 The storm water management plans are for the wrong size plant and are inadequate 

Also relevant for the expansion from a smaller plant to a 600-MW plant is the SWMP, which is used to 
prevent water contamination. Four different SWMPs are found in the record. 

The first is Appendix F of Annexure O of the FEIR. This SWMP was written in 2011, before the size of the plant 
was increased to 600 MW. (2011 Conceptual Storm Water Management Plan) 

The second SWMP was included as Annexure I to the Environmental Authorisation Amendment Report and 
was published in 2015. This SWMP recognizes that the capacity of the power station was increased to 600 
MW, but the SWMP was not changed to account for this increase:  

“The purpose of this report is to present a review of the adequacy of the Conceptual Storm Water 
Management Plan (SWMP) for the Khanyisa Power Station prepared by Mott MacDonald Limited in 
2011, in view of the proposed increase in power generation capacity from 450 MW to 600 MW. The 
review output will be available for the purposes of the intended amendment of the environmental 
authorisation. It is understood that the present size of the ash dump facility will not be changed 
and therefore there was no need to re-evaluate the proposed storm water system draining that 
section of the proposed development.” (Storm Water Management Plan, p. i, emphasis added) 

The third SWMP, from 2016, appears to be an annex to the 2016 IWULA/IWWMP. It is only written for a 300-
MW project (2016 Conceptual Storm Water Management Plan). Further, it is entirely insufficient in the later 
stage of the facility: 

“When it comes to the later stage of ash yard17 operation, the pond will be occupied by ash as well. 
And finally, after closure of this section of ash yard, storm water will be regard as clean storm 
water.” (2016 Conceptual Storm Water Management Plan, p. 5) 

                                                             
17 The 2016 SWMP calls this facility the “ash yard.” (2016 Conceptual Storm Water Management Plan) Most other documents provided by the applicant call the 
facility the “ash dump” An exception, however, is the FEIR, which uses “ash dump” in multiple locations in the report and uses “ash yard” in one location: Table 3-
1, which outlines land requirements in hectares for 25 years of storage at the “ash yard” for different sized power stations. (FEIR) Therefore, it is unclear from the 
record whether the 2016 SWMP is, in fact, referring to the ash dump. It is assumed that “ash yard” and “ash dump” both refer to the same ash dump. 
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In other words, this SWMP states that the storm water collection pond will be filled with ash, and therefore 
removed from service, at some undetermined “later stage”—potentially before coal ash deliveries stop. It 
also states unequivocally that storm water from the coal ash dump will be treated as “clean” after the dump 
is closed, without any scientific support for this assertion or any plans to monitor pollutants associated with 
coal ash to ensure that storm water discharges are, in fact, clean. 

The 2016 SWMP provides an equation to show how the storm water collection pond associated with the coal 
ash dump is sized. This calculation is based on an area for the coal ash dump of 284,000 square meters, which 
is only 28.4 hectares. (2016 Conceptual Storm Water Management Plan) According to this equation, an ash 
dump of larger area would require a storm water collection pond of larger volume, because additional 
precipitation would fall on the ash dump. The 28.4-hectare area in the 2016 SWMP is substantially smaller 
than the land area presented elsewhere in the record for the coal ash dump: 210 hectares. Therefore, 
another problem with the 2016 SWMP is that the storm water collection pond appears to be significantly 
undersized for a 210-hectare coal ash dump. The Record of Recommendation asserts that the coal ash dump 
will be 140 hectares, not 210 (Record of Recommendation). The 2017 IWULA/IWWMP uses the 28.4-hectare 
area (IWULA/IWWMP Revision 5). The 28.4-hectare area in the 2016 SWMP is still substantially smaller than 
the 140-hectare area in the Record of Recommendation. 

The fourth SWMP, also from 2016, was written for a 300-MW plant (Ash Disposal Site Storm Water 
Management Plan). 

Even this most recent SWMP, when read together with the most recent IWULA/IWWMP and its 
accompanying drawings, is unclear and contains contradictions. For example, the IWULA/IWWMP does not 
clearly explain whether Khanyisa’s 11 storm water catchment ponds will have liners or what kind of liner will 
be used. The IWULA/IWWMP states that “The ash disposal area will be lined with an HDPE lining to avoid 
underground water contamination.” (IWULA/IWWMP Revision 5, p. 25); however, it is not clear whether the 
ponds fall within this area. A detailed engineering drawing that includes information about liners and the 
storm water catchment ponds is also unclear about whether a liner will be installed under each pond 
(Disposal Liner Typical Lining Details & Storm Water Drainage Details Map)  

In sum, Khanyisa’s storm water management plans are not clear.  It would be unreasonable for a licence to 
be granted based on this lack of clarity and/or possible contradictions in the record. 

Because the available SWMPs have not been updated with the increase in capacity of the proposed power 
station to 600 MW, they are not sufficient to address the substantially larger amount of CCR that would be 
sent to the coal ash dump from a 600-MW plant. Therefore, disposing of additional CCR at the coal ash 
dump from the 600-MW plant will make it more likely that trace elements and other pollutants will 
discharge from the dump into groundwater and surface water, threatening human health and the 
environment. The additional pollution would be added to an area in which water quality in “all streams 
and rivers” is already degraded (Surface Water Quality Impact Assessment, p. 10). Further, the most recent 
SWMP, from 2016, assumes that storm water from the coal ash dump will be “clean” after closure, without 
scientific support or a pollutant monitoring plan. 

4.9 Co-disposal of coal combustion residue and coal discard would increase the risk of 
leaching certain pollutants 

The applicant is contemplating the co-disposal of CCRs with coal discard, in order to take advantage of the 
alkaline nature of CFB CCRs: 

“Studies have shown that co-disposal of coal ash and coal discard could even be advantageous. It is 
thus proposed that this option be investigated further. There are several options of co-disposal of fly 
ash and coal discard. An attractive option is underground disposal at the correct mix with coal discard 
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to seal and strengthen sections of the underground mine. This could be beneficial, especially in the 
area directly bounding the selected site for the power plant. Another option would be to incorporate 
fly ash into the rehabilitation process of the various opencasts in the area, especially in designated 
decanting areas. If planned correctly, this option could aid in the pretreatment of decant water, as 
neutralisation is a first step in most processes. Thus, the siting of an ash dam on an opencast or co-
disposal with coal discard could be beneficial if planned correctly. It is recommended that these 
options are further examined, using geochemical modelling to predict the end result of various mixing 
ratios of water from ash and coal respectively.” (Geohydrological Evaluation, p. xiv-xv) 

A recent risk assessment conducted by the USEPA for its 2015 CCR disposal rulemaking, however, gives cause 
for concern: “…the acidic conditions that result from codisposal of CCR waste with coal refuse…result in 
higher risks from arsenic and other constituents than CCR waste disposed alone.” (Federal Register, 2015, p. 
21451-21452) 

Further, the Department of Water Affairs geohydrologist who reviewed the Khanyisa materials put forward 
several recommendations related to the co-disposal of CCR with coal discard:  

 “Kinetic leach testing on fly ash and coal discard separately to determine what will leach out. 

 Determine the relationship of coal discard and fly ash which will be disposed of and do Kinetic leach 
tests 

 Need to do geochemical studies to determine the leachate from the combined material (fly ash and 
coal discard)” (Groenewald Memo, p. iv). 

Co-disposal of CCR and coal discard should not be considered a solution for addressing CCR-related 
pollutants, and, in light of USEPA’s findings, co-disposal may actually increase the leaching of certain CCR-
related pollutants such as arsenic.  
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5. CONCLUSIONS AND RECOMMENDATIONS 

This report identifies numerous deficiencies in the analyses supporting the Integrated Water Use License 
application and finds that pollutants placed at the coal ash dump have a high likelihood of polluting 
groundwater and surface water and harming the environment and human health.  The main conclusions and 
recommendations regarding water quality impacts are summarized below. 

CFB CCRs, like those that would be produced at the Khanyisa Power Station, contain high concentrations of 
trace elements. Trace elements, which are found in naturally-occurring minerals in the coal, tend to be 
concentrated in CCRs as a result of the combustion process. Many trace elements present threats to human 
health or the environment.  

The applicant’s contradictory information describing nearby surface waters must be reconciled and 
considered in the permitting process. No survey of any seasonal streams or rivers appears to have been 
completed; therefore, the applicant has not identified which surface waters need to be monitored—and 
when. Without reliable information about all surface waters, the applicant cannot properly model potential 
pollutant flows from the coal ash dump. If pollutants reach surface waters during a season in which they are 
flowing, this would result in the rapid transport of pollutants downstream. 

The geology and soils at the coal ash dump site present significant challenges. Fractures that are common 
in the vicinity of the proposed coal ash dump, together with the disturbance of the ferricrete layer, make it 
even more likely that any CCR pollution that is not kept above the coal ash dump liner and captured by the 
leachate collection system will quickly travel through groundwater toward the Olifants River.  

The proposed coal ash dump is located on an old opencast mine site. Since it was mined, this site has been 
rehabilitated and backfilled with opencast material from the excavation; however, any water pollution that is 
not contained on the coal ash dump above the opencast will reach groundwater quickly and will rapidly be 
transported offsite. 

Due to past or current mining, none of the three sites that were considered, including the selected Ash Site 
3, are suitable for a coal ash dump. Existing underground mining voids and backfilled opencast pits create 
opportunities for subsidence, which would threaten the integrity of the liner and leak detection system. Past 
mining also disturbed the ferricrete soil layer that, if intact, would have created a moderately impermeable 
barrier. Further, the high hydraulic conductivities in reclaimed opencasts and nearby underground mine voids 
will allow CCR pollutants that leak from the ash dump to travel rapidly through groundwater and surface 
water. In addition, when groundwater levels rise after pumping in the area ends, additional complications 
may arise. In my opinion, there is no safe coal ash disposal method above a reclaimed opencast and 
underground mine voids.  

The proposed coal ash dump would not be approved in the United States. It is located in an unstable area, 
based on on-site, human-made features—the reclaimed opencast and underground mine voids—which are 
not allowed according to U.S regulations. 

AMD is already a widespread problem in the vicinity of the coal ash dump. AMD is formed when high-
sulphur coal, like that burned at the Khanyisa Power Station and mined in the vicinity, is exposed to water 
and oxygen. Waters near the coal ash dump are already significantly polluted by AMD. AMD requires 
expensive, long-term treatment, in order for discharges to be clean enough not to threaten human health 
and the environment. This can only be accomplished if the applicant commits to monitoring and treatment in 
perpetuity. 

While the applicant describes a leaking liner as a “worst case scenario,” liners do leak. This is one reason 
why U.S. regulations require monitoring to continue for 30 years after landfill closure. It would therefore be 
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more appropriate to describe a leaking liner as a “reasonably likely scenario.” In this situation, the liner also 
faces additional risk from subsidence due to collapse of underground mining voids and also from the 
potential for the groundwater level to rise and interact with the liner once pumping in the area ceases.   
There is little room for error regarding mitigation measures, because if pollution reaches the opencast under 
the ash dump, it will quickly reach groundwater and surface water. The applicant proposes several mitigation 
measures, most importantly a liner system. If the liner system fails, however, polluted water will quickly 
travel into the opencast and then to nearby underground mine voids, before being transported toward the 
Olifants River. Modeling projects that the pollution would reach the river within 20 years. 

The proposed liner system does not conform to U.S. regulations. While U.S. regulations for CCR landfills do 
not apply in South Africa, they are instructive. The proposed liner system does not conform to U.S. 
regulations. In my opinion, based on the information I have seen, the liner system is prone to high risks and is 
likely to fail. Leachate carrying CCR-related pollutants would therefore be more likely to leach from the coal 
ash dump, contaminating groundwater and threatening human health and the environment.  

Because the information in the record is incomplete, a full evaluation of the applicant’s proposed liner 
system cannot be completed. However, it is important to note that even a single tear in the liner could allow 
water and pollutants to seep from the coal ash dump into groundwater and surface water, threatening 
human health and the environment. 

Because the information in the record is incomplete, a full evaluation of the applicant’s proposed leachate 
collection and treatment system cannot be completed. However, it is important to note that if this system 
fails at any time in the future, water and pollutants may seep from the coal ash dump into groundwater and 
surface water, threatening human health and the environment. 

Insufficient data has been collected from the 12 boreholes upon which to characterize water quality. Water 
quality data was not collected from four of the 12 boreholes, and for four of the other boreholes, water 
quality data was only collected once during the driest season in 2011. Without sufficient data collected in 
different years and seasons, variations in groundwater elevations or pollution concentrations may not be 
observed. Even so, exceedances of Class I and/or Class II thresholds were documented for certain parameters 
for all eight boreholes that were monitored. Additional boreholes to the north, south, and west of the coal 
ash dump should also be drilled and monitored, to ensure that pollution does not migrate in directions not 
predicted by the applicant’s model. 

Ongoing groundwater monitoring will be crucial, in order to demonstrate whether pollutants are being 
kept onsite. However, the network of boreholes is insufficient to track a plume of pollutants from the coal 
ash dump that would travel toward the Olifants River, and the proposed monitoring program omits many 
pollutants associated with CCR. 

Groundwater elevations must be carefully monitored and controlled, because if groundwater comes into 
contact with the liner and the CCR, it can carry CCR-related pollutants quickly for long distances. By partially 
burying the CCR, the lowest CCR elevation will be lower than it would be if the CCR were placed on top of the 
current ground elevation. It therefore would be more likely to interact with groundwater, which would 
interact with CCR pollutants and direct those pollutants offsite. This has even greater potential to occur 
should the current pumping of underground coal mines be terminated, because groundwater levels would 
then rise. The lack of analysis of the impacts of stopping the pumping is a significant omission that must be 
rectified in order for the water quality impacts of the coal ash dump to be properly quantified. While the 
applicant acknowledges that AMD will decant from the opencasts and will need to be mitigated, no single 
mitigation measure is proposed. 
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While the monitoring program includes some CCR-related parameters, it is missing others. Antimony, 
barium, beryllium, cadmium, cobalt, mercury, molybdenum, selenium, silver, and thallium are missing. If 
these parameters are omitted, the monitoring program may miss certain harmful pollutants known to be 
associated with CCR, which may threaten human health and the environment. 

The proposed monitoring network is inadequate to monitor potential contamination stemming from the 
coal ash dump. Additional boreholes located further south and southeast of Ash Site 3 should be drilled and 
monitored, in order to establish baseline conditions in the expected pathway for the plume of pollution to 
travel from the coal ash dump toward the Olifants River. Should the site be permitted and opened, 
monitoring in these additional boreholes would be critical to ensure that pollution is not migrating off the 
site toward the Olifants River (should elevated pollutant concentrations be found at KHBH1 or KHBH2). 
Additional boreholes to the north, south, and west of the coal ash dump should also be drilled and 
monitored, to ensure that pollution does not migrate in directions not predicted by the applicant’s model. 

The applicant should review and revise its estimate of the amount of CCR generated each year. The 
calculation should include both fly ash and bottom (bed) ash, and it would be expected that the rate should 
be consistent with existing plants in other countries. If the CCR generation rate is, in fact, low, then the 
proposed coal ash dump—which is already undersized because it is designed for a plant considerably smaller 
than 600 MW—would be even more undersized, and the mitigation measures proposed for the dump would 
need to be redesigned in order to minimize the risk of water pollution. 

The applicant will attempt to reclassify the CCRs after operation begins, so that CCRs no longer need to be 
treated as hazardous waste. The record is unclear regarding which mitigation measures at the ash dump 
would be relaxed, should the CCRs be reclassified so that they no longer must be treated as hazardous waste. 

The proposed coal ash dump was only designed to handle the CCRs from a plant significantly smaller than 
600 MW. It was not redesigned for approval of the 600-MW plant. In fact, the materials acknowledge that 
increasing the power station capacity to 600 MW would reduce the planned lifetime of the ash dump by 
approximately 30%. The 2011, 2015, and 2016 SWMPs have not been updated to address the additional CCR 
generated by a 600-MW plant, and the applicant acknowledges that the ash dump, as designed, cannot 
handle this additional CCR. It would be inappropriate to permit this site if it is known at the outset to be 
undersized, with the hope that the ash dump can be extended in the future. An insufficiently sized coal ash 
dump that cannot handle the additional CCR could lead to failure of the liner and leak detection system, in 
which case trace elements and other pollutants would discharge from the coal ash dump into groundwater 
and surface water, threatening human health and the environment. The additional pollution would be added 
to an area in which water quality in “all streams and rivers” is already degraded. 

Co-disposal of CCR and coal discard should not be considered a solution for addressing CCR-related 
pollutants. Co-disposal may actually increase the leaching of certain CCR-related pollutants such as arsenic. 
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Many of the conclusions summarized above are consistent with findings of the Department of Water Affairs 
geohydrologist who reviewed the Khanyisa materials, who concluded, among other things, that: 

 additional testing of the leachate from the combined CCR and coal refuse is warranted, 

 the nearby aquifer has a high probability of getting polluted due to the high permeability of the 
backfill material, 

 pollutants are missing from the applicant’s groundwater monitoring plan, 

 there is a need to determine an alternative site due to fatal flaws, 

 the coal ash dump should not be built on top of a rehabilitated opencast mine, 

 additional mining of pillars under the proposed coal ash dump will cause subsidence and can damage 
the liner in the future, and  

 the Olifants River will be polluted due to leachate from the coal ash dump (Groenewald Memo). 

Further, the Department of Water and Sanitation Civil Design Comments and Recommendations raises a 
similar question about building the ash dump atop a rehabilitated opencast mine: “The ash disposal site is to 
be located on rehabilitated ground, which was formally an opencast site. The compaction during backfilling 
cannot be confirmed, therefore the suitability of the rehabilitated area as disposal site is uncertain, which 
could compromise the integrity of the barrier system below the ash dump.” (Bhebhe Memo) 

In summary, I identify numerous deficiencies in the analyses supporting the Integrated Water Use License. I 
also identify many potential environmental concerns from the project and find that pollutants placed at the 
coal ash dump have a high likelihood of polluting groundwater and surface water and harming the 
environment and human health. In particular, placing a toxic ash dump of this scale on a former opencast 
mining site that likely has underground mining voids beneath it presents unacceptable risks to water 
resources, the ecosystem, and human health that cannot safely be mitigated. 
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