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Figure AS: Daily average number of pumps on 105 A Level pump station.
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Figure A6: Combined baseline for complete clear water pumping system.
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HARMONY 3 SHAFT BASELINE CALCULATIONS
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Figure A7: Daily average number of pumps on

4/3 Level pump station.

Figure AS: Daily average number of pumps on

148 Level pump station.
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Figure A9: Combined baseline for complete clear water pumping system.
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MASIMONG4 SHAFT BASELINE CALCULATIONS

1200 level pumps (1500 kW) 2180 level pumps (1250 kW)
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Figure A10: Daily average number of pumps

on 1200 Level pump station.

Figure A11: Dailyaverage number of pumps

on 2180 Level pump station.
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Calculation of Baseline for Masimong 4 shaft
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Figure A12: Combined baseline for complete clear water pumping system.
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APPENDIX B

SCOPE OF WORK FOR REMS IMPLEMENTATION

Before a REMS can be implemented on a mine approval must be obtained from mine

management. To obtain this, the complete Scope of Work of the project is documented and

presented to the mine. In this Appendix a combined Scope of WorKfor Bambanani, Masimong 4

shaft and Harmony 3 shaft is demonstrated.
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LOAD SHIFT THROUGH IMPLEMENTATION OF A

REAL TIME ENERGY MANAGEMENT SYSTEM

(REMS) ON THE CLEAR WATER PUMP SYSTEMS
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.

HVAC INTERNATIONAL (PTY) LTD
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JANUARY 2004
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OPTIMISATION OF THE CLEAR WATER SYSTEM AT THE
HARMONY FREE STATE OPERATIONS TO ACHIEVE MAXIMUM

LOAD SHIFT AT MINIMUM ELECTRICITY COST

BAMBANANI MINE OPTIMISATION OF THE CLEAR WATER PUMP SYSTEM

SYSTEM LAYOUT

At Bambananiwater is used to cool the underground mining conditions and operations. This water

is cooled via two underground fridge plants. From the fridge plants the water flows to the mining

operations and then back to the settlers. From the settlers the water is pumped via the clear water

pump system and again back to the two fridge plants. The water completes this cycle continually

throughoutthe day. A minimum amountof water is pumpedto the surface.

At present Bambananimine pumps from 105 level an average of 650 I/s clear water throughout the

day. The water from 105 level is pumped to 92 level and 73 level hot water dams. 91 level and 73

level hot water dams feed 75 level dam that supplies 75 level fridge plant with sufficient water.

From the 73 level dam water is pumped via the 73 level pump station to 40 level hot water dam. 40

level hot water dam feeds 58 level dam to supply 58 level fridge plant with sufficient water. From

40 level hot water dam water is also pumped to the surface via 40 level pump station. The current

total installedcapacity to pump this water is

28 MW.Thiscanbe seeninFigure47
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Figure 47: Simulation model of the pumping and cooling processes at Bambanani gold mine.

PRICING STRUCTURE

Eskom provides alternative pricing structures for large consumersof electricity.The six main tariffs

available to them are NightSave, MegaFlex, MiniFlex, RuraFlex, Real-time Pricing (RTP) and

WholesaleElectricity Pricing (WEP). RTP and WEP are still in the testing phase with various pilot

sites being used. Many mines are not fully aware of these alternatives and the possible benefits to

them with regard to DSM opportunities.The more advanced tariffs are advantageous for industries

that are capableof shifting load for a certainperiod of time
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Figure 48: Time-of-use for MegaFlex

Bambananimine is currently on the MegaFlextariff. MegaFlex is more suitable for large consumers

that need a supply of 1 MVA and above.The TaU periodcan be seen in Figure 48. This is ideal for

largeconsumerscapable of shifting load for long periods (4 to 5 hours per day). The only negative is

that this tariff is very rigid with little room for innovativescheduling. Optimisationwill be used to

find the optimumoperating schedule of the undergroundpumping system.

DATA A VAILABILITY

Bambananimine has a comprehensive SupervisoryControl and Data Acquisition (SCADA) system.

All undergrounddam levels and the operationof pumps are logged.

CONCLUSION

The managementis keen on any savingsand open to suggestions. The infrastructureis in place to

easily automate the systems under investigation. As a result of the SCADA system being in place

most of the operational condition data are easily available.The pumping system has large dams that

can be used for storage. This is a pre-requisitefor loadshifting.
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OPTIMISA TION OF THE UNDERGROUND CLEAR WATER PUMPING SYSTEM

There are two types of constraints applicable on this system. These are the available number of

pumps and minimum and maximum dam levels. On level 105 there are 10 electrical pumps. On

level 91 there are 9 electrical pumps. There are 7 electrical pumps on level 73 and on level 40 there

are another three electrical pumps installed.

The clear water dam levels and other warm water dam levels must be kept between 40% and 90% at

all times as per client constraints. To keep the water balance intact the clear water pump system

must supply the dams that feed the fridge plants with sufficient water.

OPTIMISA TION PROCEDURE

The calculated load shift is based on the followingprofiles for the year 2003.

. Settler flow

. Daily amount of water pumped

. Equipment constraints

. Underground dam capacities

The 5.8 MW load shift profile is obtained by pumping the same amount of water, as was previously

done, but shifting pumping load from the evening peak.

Productionand operating constraints that were taken into account are the following:

. Maximumnumber of pumps active daily

. Minimumand maximumdam levels and dam capacities

. Undergroundwater usage

. Safetyconstraints

. Maintenanceconstraints

. Allowable on/off switch periods for all elements
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MASIMONG4 GOLD MINE OPTIMISATION OF THE CLEAR WATER PUMP SYSTEM

SYSTEM LAYOUT

At Masimong4 water is used to cool the underground mining conditions and operations. This water

is cooled via a surface fridge plant. From the fridge plant the water flows to the mining operations

and then back to the settlers. From the settlers the water is pumped via the clear water pump system

back to the surface to be cooled again. This water cycle continues throughout the day.

At present Masimong 4 mine pumps from 2180 level an average of 162 I/s water throughout the day.

From level 2180 water is pumped to the hot water dam on level 1200. This water is then pumped via

the 1200 level pump station to the surface dam. The current installed capacity to pump this water is

11 MW. This can be seen in Figure 50.

Figure 50: Simulation model of the pumping and cooling processes at Masimong4 gold mine.
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OPTIMISA TION OF THE UNDERGROUND CLEAR WATER PUMPING SYSTEM

There are two types of constraints applicable on this system. These are the available number of

pumps and minimum and maximum dam levels on each level. On level 2180 there are 4 electrical
pUll.""':'. ill\,,; 1\.1""'. ...1 UV l1U," "YU,"""''' 111. 1 -- - ~ ~ - - . - --- -

client constraints.

On level 1200there are also 4 electricalpumps. The hot water dam level on level 1200must be kept

between 30% and 100% as per client constraints. To keep the water balance intact the clear water

pump system must supply the surfacehot dam with sufficientwater.

RESULTS

Table II gives the results that were obtained from the optimisation model. The hourly amount of

electricity used on the pumping system is given. Table II also supplies the average measured

electricity consumed by the pumping system for 2003. By comparing the figures of the measured

electricity used with the simulated electricity used during the second peak period (between 18:00

and 20:00), the load shift potential can be determined. This is illustrated in Table 11.
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Table 11: Average hourly electricity used on tI,e clear water pumping system.

The average daily pump load profile, before the REMS intervention and our recommended

optimised profile are shown in Table 11. Note that it was previously only possible for this very

energy conscious mine to react partly on the high price signal.

It is impossible,to stay within constraints,e.g. dam levels,amount of pumps available,etc. if a full

optimisationof the complete system is not done as we suggestedwith REMS. The result is a missed

load shift opportunitiesespeciallyduring the evening peak.

The full potential of the new on-site REMS technology can be realised when the current profile is

compared to the recommended optimised profile. By comparing the current load profile with our

recommendedoptimised profile it can be seen that there exist more than 3.9 MW load shift potential

between 18:00and 20:00.
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01:00 4,137 5,000
02:00 4,137 5,000

03:00 4,169 5,000

04:00 4,782 5,000
05:00 4,839 5,000
06:00 4,839 5,000
07:00 3,065 5,000
08:00 2,613 2,600
09:00 2,710 2,600
10:00 2,847 2,600
11:00 3,871 5,000
12:00 4,532 5,000
13:00 4,863 5,000
14:00 4,863 5,000
15:00 5,040 5,000
16:00 5,048 5,000
17:00 4,831 5,000
18:00 4,839 5,000
19:00 4,605 O,Z,$Q
20:00 4,7Q2 O;2$Q
21:00 4,613 5,000
22:00 4,210 5,000
23:00 4,177 5,000

00:00 4,073 5,000





HARMONY3 GOLD MINE OPTIMISATION OF THE CLEAR WATER PUMP SYSTEM

SYSTEM LAYOUT

At Harmony3 water is used to cool the underground mining conditions and operations of various

neighbour mines. The mine is currently used as a pumping station. It pumps the water from

Merriespruit 1and Merriespruit3 to the surface. The Masimong4 and 5 operationsare dependanton

the pumping operations of Harmony3 since the underground water table between these mine is

connected. When Harmony3 stops pumping, Masimong4, Masimong5, Merriespruitl and

Merriespruit3will flood. This mine pumps a daily average of 19MI water.

At present Harmony3 mine pumps from 14B level an average of 162 I/s water throughout the day.

From level 14Bwater is pumped to the hot water dam on level 4/3. This water is then pumped via

the 4/3 level pump station to the surfacedam. The current installed capacity to pump this water is 11

MW. This can be seen in Figure 52

Figure 52: Simulation model of the pumping and cooling processes at Harmony3 gold mine.
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Auto I Manual Mode

Evening load shift:

Electricity cost saving:

Daily problems:

4.67 MW

R 1017.10

System in manual mode from 2:00 - 8:00 (am) due to maintenance.
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Harmony 3# Wed 14 September 2005 - ---
148 Pump Station
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Auto I Manual Mode

Evening load shift: 4.00 MW

Electricitycost saving: R 998.31

Daily problems: System in manual mode from 8:50 - 9:40 (am) and 17:05-17:55 due

to maintenanceon 4/3 level pump station.

Appendix G: Daily Reports 194

---

80
70

_60
= 50
.140

3O
°20

10
0

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
8 ;; S 8 . g 8 ;; 8 8 2 = ,

100
90
80
70
60
50
40
30
20
10
0

8 8 8 8 8 8
8 ;; a s . g

0
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
8 ;; S S . g 8 ;; 8 8 2 = , = = . , . . ;;

_....... AutolManual



Tshepong 14-Sep-05 Wednesday
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Bambanani 10-May-05 Tuesday
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