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AnglogoldAshanti Limited 
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Dear Sir 

 

Re: WATER BALANCE CALCULATION FOR THE KAREERAND TSF EXPANSION PROJECT 

 

The purpose of this letter is to explain the Water Balance Calculations done for the detail design of the Kareerand 

TSF Expansion Project. This letter cannot expand on the detail of the calculations inside the model, but it will 

attempt to summarise the results. The letter refers to the Model: “301-00204-13 KR Ext WB 20190311 SmallRWD 

pumps DWS AdP”. This letter differs from the previous versions, in that the pump rates between the RWD’s have 

been reduced to 500 m³/h and RWD 4 has been removed. The capacities of RWD1-3 have also been modified. 

 

The Water Balance is based on the production schedule, stage capacity curves and layout of the TSF Expansion. 

 

The balance model was done in Excel as provided. The layout used is presented in Figure 1. 

The TSF’s were divided in areas. The stage capacity curve was used to determine when which bench becomes 

available. The stage capacity curve shows the elevations of the two portions only meet in mid 2037 – see Figure 

2. 

 

1. Model Information 

In reference to the Excel model, the following information can be found on the various sheets in the model. 

Balance Sheet: 

The Balance sheet has the daily calculation of all the in and out flows of all the areas. This sheet is used to: 

• Cell C11 - Change the date of the storm 

• Cell C13 – change the range of days where the monthly rain will be reduced before and after a storm 
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• Cell G15 – change the number of days of no power after a storm 

• Cell G16 – H20 – Change the number of days and % throttling on decants after power has been restored 

o Area 1 refers to the Existing TSF (Eastern area in Figure 1) 

o Area 2 refers to the TSF Expansion (Western area in Figure 1). 

 

Figure 1: Layout of TSF 

 

Data Input Sheet: 

This sheet presents the areas, and various input parameters to be completed by the user 

Climatic Data 

Provides rainfall and evaporation data 

Picture 

Schematic of model and system 

Areas 

Provides measured areas, lengths and volumes of the various components such as Benches, RWD’s etc. 
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Production 

This sheet provides  

• Production schedule per month 

• Elevations from capacity curve 

• Side slope Zones  

o Areas un-rehabilitated 

o Areas re-habilitated 

o Bench lengths 

Elevation vs Time  

 

 

Figure 2: Elevation curves (Area 1 = Existing TSF, Area 2 = Extension) 

Volumes of dams 

Graph presenting the required number of dams 

Decant on TSF's 

Decant shortfall = volume stored on dam 

Summaries 

Summary of volumes required 
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Runoff Factor calculations 

• Rational - Dry Beach 

• Rational - Side wall no vegetation 

• Rational - Side wall Rehab 

 

2. Assumptions: 

For this model, it was assumed that the Existing TSF (A1) Decant flows to the Bufferdam (BD), which will overflow 

into the East Stormwater dam (ESWD), while the ESWD will overflow into the RWD1 and the full Midway capacity 

will be pumped from RWD1. In practice this could be varied to pump from either RWD1 or the BD. 

When RWD1 has reached its limit and can’t pump away enough water, it overflow into RWD2, which overflow 

into RWD3 when it reaches its capacity etc. 

When a month for example January 2018 is considered, the volumes appearing in RWD2 and 3 are from the rain 

falling on the dam, which can be ignored since the dams have not been constructed – see more detail in Process 

description below. 

The worst month to receive a 1:100 24h storm event is in January. The storm events were applied to 15 January 

in the years considered. 

The production figures show that TSF Expansion only starts in 2022. 

Bufferdam starts @ 80% full – cell Data Input'!E88, therefore BD overflow to ESWD in wet months 

ESWD start @ 20% full – Cell Data Input'!$E89. 

RWD1 start @ 10% full – Cell Data Input’!$E90. 
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3. Process: 

Considering the rise in the TSF’s over time, specific dates were chosen to calculate the required capacities of the 

RWD’s.  

The dates and volumes required are summarized below (from Summaries tab): 

 

 

Some of the data in the model is discussed in more detail below to provide an explanation of the model. 

 

  

Year Month

RWD1 Vol 

required

RWD2 Vol 

required

RWD3 Vol 

required

2019 Jan 260000 0 0

2021 Jan 284000 0 0

2022 Jan 431000 187000 219000

2029 Jan 431000 187000 219000

2029 March 431000 187000 219000

2030 Jan 431000 187000 219000

2038 Jan 431000 187000 219000

2040 Feb 431000 187000 219000
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2019/01/15 

Considering for example a storm on 15 January 2019, note the following: 

• BD receives extra runoff and spills more to ESWD (column IM) 

• The power is off for 5 days and then the decant starts  

 

• ESWD overflows to RWD1 

 

• RWD1 receives the water, but can’t pump for 5 days – no power, therefore it needs to contain all the 

water = 260 000 m³ 

• Dust suppression also only start after 5 days 
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After the storm it can pump the dam empty in 38 days and return to its normal flow to Midway.  

It is important to note that throttling the decant rate should be avoided as the ideal is to decant the water from the 

TSF as quick as possible. The TSF should not be used to store water. 
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2022/01/15 

The run-off areas have increased therefore the volumes to the dams increase. 

• BD receives extra runoff and spills more to ESWD (column IM) 

• The power is off for 5 days and then the decant starts 

 

 

• ESWD overflows to RWD1 

 

• RWD1 receives the water, but can’t pump for 5 days, therefore it needs to keep the water = 431 000 m³ 
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• Water overflows to RWD 2. 

• The following parameters were chosen for pumping back from RWD2 to RWD 1: 

o Start pumping when RWD1 is below 80% full 

o Stop pumping when RWD2 is 20% full 

• The following parameters were chosen for pumping back from RWD3 to RWD 1: 

o Start pumping when RWD2 is below 70% full 

o Stop pumping when RWD3 is 20% full 

 

Utilising the full 219 000 m³ of RWD3, the decant rates must be limited to the following: 

 

The decant will be brought back to its full capacity after 59 days. 

 

This situation occurs from 2022 to 2029. 

  

2022/01/20 5 No power

2022/01/25 5 100% % of Decant rate A1&A2

2022/01/29 4 70% % of Decant rate A1&A2

2022/02/03 5 90% % of Decant rate A2

2022/03/15 40 75% % of Decant rate A2
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2029/03/15 

Although January is the worst month, an additional bench was added in March, which resulted in higher throttling 

requirement. 

• BD – note that the decant rate was 0 (power outage). After the power outage the decant rate was 100% 

for a few days and then decreased to prevent spillage out of RWD 3 
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• ESWD overflows to RWD1.  

 

• RWD1 receives the water, but can’t pump for 5 days, therefore it needs to keep the water = 431 000 m³ 

 

 

 

Utilising the full 219 000 m³ of RWD3, the decant rates must be limited to the following: 

 

The decant will be brought back to its full capacity after 44 days. 

2029/03/15 days

2029/03/20 5 No power

2029/03/25 5 100% % of Decant rate A1&A2

2029/03/30 5 60% % of Decant rate A1&A2

2029/04/05 6 100% % of Decant rate A2

2029/04/28 23 90% % of Decant rate A2
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From 2030 to 2037: 

• the top surface areas are combined and all rain is accounted for on Area2 (Production sheet) 

• the side slope runoff change as follows: 

o the higher benches have smaller areas, so the increase in un-rehabilitated areas slow down 

o the lower benches are assumed to be re-habilitated therefore reducing the run-off  

 

2038/01/01: 

In mid 2037, the two TSF’s reach the same elevation. Both Areas now have 8 benches. 

• BD – once again gets water from Area1. The water from Area1 decant is due to production water, which 

builds up as it could not be decanted for 5 days 

 

• ESWD – overflows to RWD1 
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• RWD1 – overflows to RWD2 

 

• Overflow to RWD 2 and RWD 3 

 

The results after 2038 are similar to the results of 2038. 
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4. Conclusion 

 

The water balance considered the construction of the TSF’s, the production schedule, bench geometry, paddocks 

containment, rehabilitation of benches, a storm rainfall event and various other factors and variables. 

 

It was found that three RWD’s are required based on these assumptions and calculations. Factors that could 

have significant effects on the water balance are: 

 

• Rehabilitation is not done as expected – the run-off factors make a significant difference in the volumes 

on these large areas 

• The model considers one 1:100 year storm event, but if several smaller events occur a few days after 

each other, additional capacity may be required. The model does apply the daily average rainfall over 

every day of the month. 

• If another storm hits the facility within the storm month, additional storage will be required or throttling of 

the TSF will have to be extended for a longer period. 

 

Yours sincerely 

 

 

 

_____________________________ 

Albertus du Plessis 

Principal Tailings Engineer 

For Knight Piésold (Pty) Limited 

 

 

 

_____________________________    ________________________________ 

Thabang Mokoma     Duncan Grant-Stuart 

Principal Tailings Engineer    Technical Consultant 

For Knight Piésold (Pty) Limited   For Knight Piésold (Pty) Limited 
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C00787-39-PE-DAL-0002-01 MET-MWS-39-M0006 Tailings Transfer Pump Train Discharge line General Arrangement 2018/10/30 2018/11/01 2018/11/01
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C00787-39-CI-DAL-0002-01 MET-MWS-39-C0051 Tailings Transfer Pumps Civil Bund Area GA 

C00787-39-CI-DAL-0003-01 MET-MWS-39-C0052 Tailings Transfer Pipeline Support Plinth GA
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C00787-39-CI-DAL-0005-01 MET-MWS-39-C0068 Dust Suppression Pipeline Support Plinth GA
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