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ABSTRACT
Konkola Mine is one ofhe wettest mines in the world. gJumps about 350,00Grof water per

day. From the inception of mining operations in 1956, water has always posed a challenge to
mining despitethe use of dewatering strateggvolving dewatering crosscuts andewatering
boreholes

The groundwater at thenine was mathematicaliypodekd using MODFLOW software in 1989

and predictions of dewatering operations were made for periods of 1989 to 2020. However, in the
last two decades, the implementation of the dewatering plan has lagged behinesal of
financial constraintsacedby the Mine. The Footwall duifer at shaft No. 3 is behind by almost 3
years ad the Hangingwall 4uifer at shaft No. 1 is behind by at least 13years. This has resulted
in most of the reserves being underwater which poses a safety and mining chahemgserves

below 1040mL canndie mined until the Hangingwallcifer is dewatexrdbelow 1150mL Cave

line. Thedewatered reserves have almogears to depletion hence thisidy was undertaken to
determine a suitabldewatering method for reserves belo@40OmL The study also sought to
establish whetheheuse of backfilling mining methods would redwt®watering requirement for

themine.

Drawdown simulations were donsingthe MODFLOWVKD software The water tablevas
generatedising MicroStéion andGeovia Surpac software. Tkeepage pointslentified arethe
Kafue River, Kakoa Srean, discharge canals, Lubengelar) and Lubengele Stream. The study
hasestablished that more than 1920i7/d of water coule excluded from seeping through the
mine An analysis of mines that use backfilling meatkestablisked that the use of backfiéduce

hydraulicinflow paths into a Mine and also reducesdiegvatering requirement

The results of the study indicdteat theexistingconventional dewatering approacising crosscut
and dewatering boreholesoupled withsurface water exclusion methoai® the most viable for
the reserves below 1040nas opposed to deep surface wdtlsvas al® found that dewatering
requirementouldbe reduced in the mine by the application of backfiie apprgimate cost of
Conventionadewateringmethod (9 crossuts and 190 boreholeisnplementatiorwasless than

the cost for the Surface deep holes.

Key Word:Mine operations, dewateringlangingwall Aquifer, backfilling
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CHAPTER 1: INTRODUCTION

1.1Introduction
This chapter looks at tHeackground and problem statement. It also covers the objectives of the

study and research questions. It further discusses the significance and gives a summary of the

methodology used.

1.2Background
Production at Konkola Mine (then called Bancroft Misgrted at No 1 shaft in January 1957.
No. 3 shaft started operating in 1963. While No. 4 shaft commenced operation in 2010.

Konkola Mine is one of the wettesundergroundmines in theworld; it pumps about
350,000n/dayof waterto the surfaceSince themine started production in 1957ater has always
posed a challenge to minings a resultthe mine has always had@bustdewatering strategip
dewater thefootwal and hanging wall aquifer. Howevein the last two decadgeghe
implementation of thealvatering plan has lagged behimglalmost 15 years due the financial
constrains faced by the min@ the last two decadesThis has led the mine to lag behind in
dewateringdevelopmentAs a resultmost of thereserves are under the water taduhel poses a
safety and mining challeng®lo mining can take place below 1040ml dref dewatering the

Hangingwall Aquifer below the 1150mL Cave line.

This studywas therefore, undertaken in orderdietermine a suitable method for dewatering of
reserves belovt040mL at Konkola Mineso asto make it p@sible to mine the deep dadies
safely The study has reviewetthe use ofconventionaldewatering methodurrently used at
Konkola Mineandalso looked at other dewatering methods used on the Copperbelt and globally.
The study hasuggestd ways of improvinghe current dewatering methatl Konkola Mineby

excluding the surface water from rechargingltamgingwall Aquifer.

1.3 Problem statement

KonkolaMine is currently mining the upper orebody which is nearing depletithrabout 2years
remaning. This being the case, the mhraes invested over US$400,000,000 the Konkola Deep
Mining Proje¢ (KDMP) to expose the deep bxady(below 1040mL)andincrease the production

of copper ore from 2 to 6tfy at 3.26 TCu. Theminehas about 28mt reserves However, nost



of the reserves arbelowthe water tableExtraction of reserves below the water table possess a
great danger to mining operations in terms of safety and flod@mg.Konkola Flats andonkola

Extensionare mining above the water talde show in Fgure1.1.

In termsof the Footwall Aquifer aNo.3 shaftthe dewatering schedukebehind ly 3 years while
thedewatering schedule for the HangiraiAquifer at No. 1 shafis behind by at least 13 years
Mining bellow 1040mL cannot take place until the Hangingwall aquifer is dewatered below

1150mLcave line.

1%

bl 1040mL Basement

Depth below Surface (m)
E-3
s

= H\A Konkola 22028 |

Figure 1.1: Konkola Mine Dewatered and Unrdewatered Reserves(Konkola Copper Mines,
2015)

Therefore this study wasindertakenn orderto establisha suitable method for dewateritige ore
reserves below 1040mand to allow efficientmining operations to comtue. The study has
compare different dewatering approaches and seléet workable approach for Konkola mine

based on cost and viability.



1.4Objectives

Main Objective

1 To determine a suitable method ttewatering of ore reserves below 1040mL at Konkola

Mine, Zambia

Sub-Objectives
1 To establish @og-effective technique of dewatering the aquifers
1 To establish whether baidkng mining methods can be usédreduce the dewatering

requirement foKonkola Mine

1.5Research Questions

In order to achieve the mentioned objections, the following research questions needed to be

answered.

a) What dewatering approhgs best suitable for Konkolaine?

b) Which dewatering method costeffective for Konkola Nhe?

c) How fast can the wat table be lowered by the ceffective dewatering approach?
d) What impacts can backfilling methods have on future dewatering plans?

e) Can the sinking of surface boreholes solve #atering problems for Konkolaikk?

f) How can Konkd¢a Mine avoid getting the dewatering process wrong again?

1.6 Methodology

In order to achieve the research objectives, the following research methods were used:

C Main Objective 1: To determine a suitable method for dewatering of ore reserves below
1040mL atkonkola Mine, Zambia

Methodology. The following were done:
V Sources of water into the miveere established
V Water profile were generateding Microstation and Surpac Geovia Software

V Drawdown simulation were run MODFLOW-VKD software



C Sub-objective I To establish &ost effective technique of dewatering the aquifers

Methodology: Different potential dewatering methods (surféoeeholes and Breakthrough

methods) were reviewed astnulated usinghe Modflow VKD and the level ofirawdownwas

thenobserved and each rhedevaluated in terms of cost

C Sub-Objective 2 To establish whether backfilling minimgethods can be used to reduce

the dewatering requirement for Konkola Mine

Methodology: An analysis omines that use backfilling methods was condutiesstablish if

the useof backfill would reduce hydraulic inflow paths into a Mine andeffects it would have

on dewateringequirement

1.7 Research Significance

The outcomes of the research are very wit&ddonkola Mineand are as follows:

1.
2.

© N o g &~ W

Thefastest way of dewatering the aquifers will be suggested

the study will close data gaps and help in mine planning and design, geotechnical support
design, quicken mine gelopment, production, tramming and hoisting activjties

The orewill be mined safely

It will reduce the amount of support installaslthe unsupported spun will be increased

The wear of tires will be reduceals most drivewill become dry

The life ofinstalled support and other iron works will be increased

A dry and pleasant working environment will be provided

More efficient working conditions will be achieved: better trafficking and mining ability,
reduced downtime due to mine flooding

The haulag cost will be lowered: Dry ore and waste rock weigh less than wet material, so

dewatering of rock provides a haulage cost sgving

10.Improved slope stability and safety: lowering of groundwater levels and reduction in pore

water pressures can allsteeper lppe angles to be usedhile maintaining or increasing

factors of safetyand,

11.1t will enablethe mining of deep ores safely.



1.8 Organisation of Dissertation

T

Chapter 1 looks at the introduction of the study. It discusses the background, problem
statement and the aims and objectives of the study. Besides this, it also looks at the
summary of the methodology and significance of the study.

Chapter2 looks at the study area location, characteristic and reviews past and present
dewatering plans fakonkola Mine This chapter also reviews regional and global
dewatering approachds.also reviews ackfilling mining methods and their impacts on
dewateringUnderground pumping systems and digpas$ waterare also discussed in

this Chapter.

Chapter 3iscusses the various research methodologies which were undertaken in order
to meet the objectives of the study.

Chapter 4ooks at data collected and analysis. The main objective of this resetoch
determine a suitable method of dewatering the orevesdrelow 1040mL. Surface
Exclusion methods, Surface Deep Wells and Conventional Dewatering Methods were
considered as potential dewatering methods. Backfilling mining methods were studied
and their impact on dewatering are outlined. This chapter inchirdedietermination of

the sources of water to the mine.

Chapter 5 looks ahefinding of this studylt discusses the sources of water and the
current dewatering status. It also compares the drawdown and cosD&fghe&urface
Borehole andConventional @wateringMethod.

Chapter 6 gives the conclusion and recommendation of the $taiscusses what
dewatering method is viable and cost effective for Konkola Mine.

Reference list the journals, books, conference papers and technical reports that were
reviewed and cited in this study.

Appendices contains the rainfadicords from 1952016and the different pumping rates
by Copperbelt Mines. It also looks at the WatchDog weather monitoring specification

and the prediction of Konkola Mine dewatering ratesiie 20 years spun from 1988.



CHAPTER 2: LITERATURE R EVIEW

2.1lIntroduction

This chapter looks at thetudy arealocation, charateristic and reviews past and present
dewatering plandor Konkola Mine This chapter also reviewggional and globatlewatering
approachesBackfilling mining methods and their impacts on dewaterng it also reviews

underground pumping systems and disppo$ water

2.2 Study Area Location
Konkola Mine is located in thenorthern part of thezambian Coppdrelt in the district of

Chililabombwe and lies 25 Km north Ghingolaas shownn Figure2.1.

'KCM Assets

Konkola (Chililabombwe)

m KCM Group
operations

@ Other
operators

== Main Highway
Routes in Zambia

Nchanga (Chingola)

® Underground pyrite mine
® Concentrator

Figure 2.1: Location of Konkola Mine (kcm.co.zm)

2.3 Climate of Chililabombwe

The climate of Konkola Min&s influenced by its elevation of about 1,300m above sea [Evete
are three seasons experienced in Chililabombwe, Tdres¢hecool and dryseasorirom May to
Augustwith temperaturgranging from & to 27C, hot and drgeasorirom October to November
with temperatureranging from 2% to 35C, and warm and weseasorfrom Decenber to April

with temperatures rangirfgom 25€ to 38C (en.clamatedata.org)


http://www.kcm.co.zm/

Most of the Precipitation at Konkola Mine occurs during the wet season kotit 4300 mm/
year. The wettest months are Det@mand January. Studiesnducted by different Consultants
between 1960 andl988 to evaluate an overall water balance between precipitation,
evapotranspation, ruroff and infiltration, are as shown inTable 2.1. However recent studies
showa 20% infiltration 70% ran offs and 10% Evaporati®wvater ManagemenConsultants
2000).

Table 2.1: Infiltration as a proportional of precipitation in the Konk ola mine Catchment
Area (ZambiaConsolidated Copper Mines (ZCCM) LimitetR95)

Rainfall mm/ ) o
Author Evaporation % Runoff % | Infiltration %
Year
Howkins (1960) 1372 50 10 40
Raiston (1961) 1372 50 12 38
Starman and Shalash (1971) 1397 76.4 12.2 114
Leeds el at (1972) 1313 80 13 7
Hydro Geo(1988) 1334 75 13 12

2.4 Konkola Surface Hydrogeology

Konkola Mine area is wedged between two major faults; the Lubengele in the north and Luansobe
in the south as shown imgere 22. The other fault zorsen the mining arearethe Kirilabombwe
Anticline Fault (which runs sydarallel to the Lubengele fault) and the Crdsidicline Axis Fault

(this links up with the Lubengele and Luansobe fawltsich are in between the Lubengele and

Luansobe Faults. These fault areas are miagrarge zongdMulenga, 1993)

The Kafue Riverad its tributaries control theigace drainage system of the mining aaed he

surface hydrology pattern is controlled by the structural geology of the area (Mulenga, 1993).

The two important tributargewhich recharge the aquigeare the Kakosa and Lubengetee8ms.
These stream@ow over the mine Hangingwall duifers and in some areas they flow along and
across the fault systemwhich are in hydraulic connectivity with the mine agufddoth streams
discharge into the Kafue River at an approximateadist of 3 km from Shaft No. TThe
Lubengele Dam was built in 196#h the Lubengele valley between the Lubengatel the
Mingomba Streanarea, in the upstream of Shaft No.3. The Dam has beed asea tailing

disposal from the time it was built. The Lubengele and MingoBtlteams eep t hr ough t

h e



embankment. The dam has a capacity to hol@8783million litres of water which would flood

approximately 855 hectares.
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Figure 2.2: Surface Gedogy of Konkola Mine (Mulenga,1993
2.5 Geologyof Konkola Mine

The Bancroft mining a, which contains the Konkolaebodies, is the most northesterly of

the economically mineralized Kirila Bombwe Dome or anticliibe aebodies are subdivided
into Kirilabombwe South (No 1 shaft), Kirilabombwe North (No. 3 shaft) and Konkola (No. 2
shaft). No. 4 kaft falls in the Kirilabombwe &uth as it is approximately 150m from No 1 shaft.

The geological 46ng of Konkola Mine ishown n the stratigraphic columin Figure2.3. Starting



from the older rocksotthe younger rocks that aimem the Lower porous conglomerate (LPC) to

the Hanging wall quartzite (HWQ).

Lower Porous Conglomerate (LPC) is a coarse, poorly sorted, porous and permeable rock. This
rock typeis ofavery poor ground condition acapttal i t 0s
infrastructuran this rock. This is overlain by the Footwall Quartzite (FWQ) which is competent

and where most ragos and haulages are placed inve@ying the FootwallQuartzite isthe
Argillaceous @andstone (AGSST) and above lies the Porous Congaaen@?C) which is leached

with fair to poor ground condition, porous and permeable. Above the PC is the Footwall Sandstone
(FWSST) which is faiground condition and whereast extraction drives are placed and above

the FWSST is the Footwall Conglomerate (FWC). These last three constitute the Footwall Aquifer,
the second major aquifer at Konkgl@ambia Consolidated Copper Mines (ZCCM) Limited,

1995.

The Ore Shaledrmationlies above the Footwall Conglomerate (FWC) or the Footwall Sandstone.
The contact between the Ore Shale Unity (OSU) and Footwall conglomerate (FWC) is termed as
Geological Footwall (GFW)Zambia Consolidated Copper Mines (ZCCM) Limité995)

The OSU limt where mineralization becomes less than 1%efierredto as Assay Hangingall
(AHW). Above the Ore Shale the formations lie as folloWsngingwall Quartzite formation
(HWQ); Hangingvall Aquifer (HWA); Shale with GritUpper Roan Dolomite (URDMwashia
Shale Kakontwe Limestone; Kundulungu Shaj{gambia Consolidated Copper Mines (ZCCM)
Limited, 1995)

LPC, AGSST, PC, FWSST, FW@nd theOSU are sedimentary rocks whasedFWQ and HWQ

are metamorphic rocks.
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Figure 2.3: Stratigr aphy of Konkola mine (Konkola Copper Mings2015
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2.6 Mining Methods
There are twamain mining method used at Konkolaii due to the changes in the dipd

thickness of the rockigure 24 showsthe mining methods employed at Konkola Mine.
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Figure 2.4: Konkola mining method (Konkola Copper Ming2015)

2.6.1 Sub Level Open Stoping (SLOS)

This methodis a commonly used at both 1 shaft anghaft, it involvessubdividing the orebody
into sublevels up dip with extraction haulages. The ring dglpattern is used in th#asthole
designs and holes are drilled using long hole drilling mact®oto and Simba)lhe method is
applied to both steeply and flat dipping ore bodies.

2.6.2 Post Pillar Cut and Fill (PPCF)
Generally this method is suited fare bodies with dips between 10° and 25°. This is -atoipe

mining method and as such development and stoping are synonymous.

Post Pillar Cut andif (PPCF) mining method is a variasitthe Room and Pillar mining method
which advances up dip in a series of lifts. Wastek or tailings are used as Backfill. The fill

provides the working floor for the subsequent lift. Vertical Post Pillars are created from footwall

11



to hangingwall to stabilize the hangimgll in the immediatenining areaThis method is used at

3 shatft.

2.7 An Overview of Konkola Hydrogeology

The mine has five maimquifers but only threaquifers are deweared. hese arethe Hangingvall
Aquifer, Footwall Aquifer and the Footwall Quartzite and Lower PorQaonglomerate 4uifer
as shown in lgure 2.5 Theupper roan dolomite aquifés one of the largestquifers at Konkola

Mine and isdewatered fothe sake of depressurisation awrdy when the pressures are too high.
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Figure 2.5: Konkola Aquifers (KonkolaCopper Minge 2015)

The Hangingwall Auiferis made up of the dolomite, sandstoand siltstone formations. This
aquifer lies abovéie aebodyand isabout700m thick Chemical and tritium datinggotope) have
revealed that theamgingwall water is youn{post1952) water compad to the footwall water.

The rangingwall water is cold, slightly alkaline, high in total dissolved solids and has the same
age as the water in the Kafue Riy®lulenga 1993. The aquifer is drained way ahead of stoping

by mining d dewdering crosscuts in theahgingvall quartzite followed by the drilling &
borehdes which intercept the &hgingvall Aquifer as shown irFigure 2.6 From the end of the
dewatering crosscut, five long boreholes are drilled up into the aquifer tocgetiras The angle

and length (usually 200nof the boreholes are determined by the cave angle of stoping which is
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approximately 65°.The boreholes are drilled through a 3m long, 114mm diameter flanged
standpipe which is grouted into the collar of the hote. Once completed the borehole is equipped

with high pressure valves and manometers to facilitate the measuring of groundwater pressure and
to shut flow when requiredh single drain hole may produce up to 9,08@@ay and a dewatering

cross cutcanproduce upto 80,000n¥/day. It takes about twgears to lower the pressure in the

HWQ after drilling the drain holesith an averagelrawdown of 1615m a year.

Dewatered Resources

Figure 2.6: Dewatering of the hanging wall at Konkola(Konkola Copper Ming2015)
The Footwall Ayuifer underlies the orebody and has a thickness of ajppataly 20m to 40m.tl

is madeup of the Porous Conglomerate, Footwall Sandstone and Footwall Conglomerate. The
footwall water is warm revealing that the water is old (Pre 1@8Rlenga 1993. This water is
slightly acidic and low in total dissolved solidshe aquifer is drained by simply mining through

it, this allows the aquifer to drain dry.

The Footwall Quartziteand Lower Porous Conglomeratejéifers are the lowemost aquifers.
They consisof a fractured lower part dfie Footwall Quartzite and a LoweoRous Conglomerate
mainly in vugs. andtsbcatedh2bOmipelow theetibdy. Thehwiater ks warmer
and slightly acidic wh less total dissolved soligMulenga 1993.
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Theother agifers that exist at Konkola Me are thaJpper Dolomite Ajuifer (one of the largest
aquifers) the K&ontwe Limestone Auifer (the largestand other small isolated aquifers. These

aquifers are only dewatered as a means of reducing the hydrtosdtic

2.8 General Dewatering Background

Dewatering at Konkola Mine started in July, 19p6mping about 15 000t to a peak of 420,
500n7/d in June 1978. Since then the pumping rates had gradually declined to 30&/d0@0m
April 1995andthen increased tabout 350 000i4d in 2014as shown in Figure 2.7

Total water pumped out of the mine

(not corrected for decline in pump efficiency until 1990)
450,000

400,000 1%

350,000 A

300,000 ﬂ ¥
250,000 '/N
200,000 f
150,000 }
100,000 /
50,000
0 /

Jan-54 Jan-59 Jan-64 Dec-68 Jan-74 Jan-79 Jan-84 Dec-88 Jan-94 Jan-99 Jan-04 Dec-08 Jan-14
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Inflow (m3/day)

\ —e—Total Flow (early data) |

Figure 2.7: Average Volume of water pumped per day at Konkola Volume (fiday)

It should be mentionethat the methodpplied for measuring the flows frothe inception of
mining to1990was not accuratenoughas it measuredumping houranddesign flowrate of the
pumpswhile neglectingthe loss of efficiency of some pumgds. mostcasesthe actual pumping
rateswere overstatedas indicated by Wateleyer in 1972by approximately 25%Zambia
Consolidated Copper Mines (ZCCM) LimitetB95) The following reductions wenmmade to the
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reported discharges reportedthe Zambia Consolidated Copper Mines (ZCCM) Limitd®95

report.
1954 1958 100% of recorded
19591962 90% of recorded

1963 1971 80% Of recorded.

Since 1990, more accurate methods have beenwhkéedh measurélow ratesthis resulted irt 7%
reduction & the reported dischargéom the inception of mining to May, 199@Zambia
ConsolidatedCopper Mines (ZCCM) Limited1995. Figure 28 showscorrected pumping rates.

The water pumped out has increased from inception to 2014 due to mine expansion and the effect

of subsidence on surface and underground water bodies.

Total Inflows to Konkola Mine
(corrected for decline in pumps efficiency until 1990)
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Figure 2.8: Corrected Average Volume of water pumped per day at Kon&la Volume
(m3/day)
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2.9Ground Settlement

Ground settlement is the lowering of ground surface, known as subsidence or s&ttiingd
settlement is measured by field procedure either by survey, theodolite and transit rod, or as a
manometer surveyrominceptionof mining, KonkolaMine has used mostly caving and open
stopingmining methods which has resulted in the area expengsabsidenceThe highest
settlement is 0.2m and the lowes0i®1m per year as shown Figure 2.9 This has increased

the hydraulic conductive in areas that fall within the subsidence controlled region and it has also

damaged the lining of discharge canals that pass through the caved region.
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Figure 2.9 Rate of Settlement (m/yearKonkola Copper Mies, 2015)



2.10Copperbelt Regional dewatering approach

Water has always posed a challenge to mining on the Copperbelt, due to the preaqnitersf

and surface water bodies ¢me mining sites. This led to mines during and before the Zambia
Consolidated Copper Mines (ZCCM) era to carpevith dewatering systems artcbsegies which
enabledheexploitation of the orebodiesafely. The ratio of water pumped to ore mined in 1992/93
was 11.4t of wagr to 1t of ore mined (Naisi993). The dewatering cost has always made up a
significant part of the mining cost on the Copperbelt. The mines have utilized different dewatering
method such as Surface Exclusion, Surface Borehatdstdepion of water, Simple Drainage,
Breakthroughand Grouting. An in depth look inthe dewatering methods used©opperbelis

as outlined below

2.101 Surface Control of water

The methodxcludes oreduces the amount of watbiat reghes the catchmeatea of the nime.
This prevents recharg@flow and reduces the water that readesmostly fracturegarts of the
mining catchment area (as a result of subsidence or due to naturahp@resuch as the presence
of faultsthat provides hydraulic condunaty to the ming. There are different methods used to
control surface watethese includedams (like the Lubengele Dam)eHingbone ditches to speed
up ruroffs, pipes to carry water over hydrological hazard zame Lubengele @m discharge
channels)stream and river diversiomiyver lining, danbo filling and stream gauging. Different
surface exclusions have beenr@at out on the Copperbeltheg Lubengele tleamat Konkola
Mine was dammedandtheir other streamshat werediverted in Mufurila and Luanshya Mine.
Mulenga estimatedhat aboutof 180,000n¥d of water could have lea excluded by surface
control at KonkolaVline, this representefi9% reduction ithe water pumped out per day by the
mine at that timéMulenga 1993.

2.102 Interception Method

This method interceptwater from flowing into an active mining area. It involves the driving of
dewatering crosscuts at the lowest point$ a@inthe extremities of the dredy where drilling then
intercepts the aquifer (N&hy, 1993). This method lowers the dewatering cone frarattiive and
top-levels thus preventing inflow into the mining areas. This method has been used at Mufulira

Mine in controlling the flow of the dolomite water. When the dewatering crosscuts are initially
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mined and the borekes drilled, they cause a stedpep sided cone of deteaing, butas time

progresses it becomesde and flat.

2.103 Simple Drainage Method

This method is used by mines which have substantial pumping capacity that can cope with
uncontrollable water. This is a widely used method on the Copperbelt and worldwide because of
its simplicity in implementation. In this method, the drives (with a fitdé for safety) are mined

into the aquifer zone witla reduced hydraulic head (Najsth993). In order to cope with
uncontrolled water, the mine is equipped with a substlptimping capacity and a watight

door in case of power failure yotect theShaft and othenstallations. This methodvas used at
Nkana Mne, werethe crosscuts to the orebody waenened at gposition (lower conglomerate,
footwall sandstone or footwalbaglomerate) to the footwall side thfe Footwall Ajuifer. Holes

were drilled which delineaté the footwall aquifer prior to delineating the orebodyc® the

hydrostatic load reduced, the heading a@ganced into the footwall aquifer as an extraction drive.

However, at Mokambo Mine, they took the method lightly and literaryesisg simpleand the
suffered the unforgiving effects tifat decisionThe Romanianampany Geomin got this method
wrong in 1976. Rie pumping capacity at Mokamboim¢ was not substantial to cope with the
amount of wateto be encountered and the wétgtt door was not suitable for ttogerationsAs

if this wasnot enoughthe backup generator waslimited capacity. During the breakthrough of

the footwall aquifer, the mine experienced a power failure which resulted in flooding of the mine
and closue till present day though efforts are being made to pumgheuvater and restart
operations before 2019 with a monthly production of 3000t by the new owners Changfa Mineral
Resources Limited of Chindlkweta 2016).

2.104 Breakthrough Method

This issimilar toSimple Drainagemethodas it involves the mining of drives into the aquifer but
in a more controlled manner. This method has been pra@tdédnkola, Mufulira and Nkana
Mines. It involves the mining of drives into the dgquthat havea suitable watdight door or

suitablepuddle pipe installed (Naish993).
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2.105 Dewatering Drilling

This approach is widely used on the Copperbelt in both surface and underground operations. In
surface mines it has wide apgaition in dewatering (Nah, 1993).In both underground asurface

mine, holes are drilled to intercept the aquifer, the water flows from the boreholes either through
gravity or pumpingAt Nchanga underground mine, a twin haulage wascunder the open pit

at 457mlevel to theeast section for dewatering. At 10 Eastl 15 East some inclinegre mined

in which the dewatering holes which connect the Nchanga Open piteaNghianga underground
werelocated The holes were drilled on the base of the open pit thus ensuringréaipkurface

is below the pit, though this is not always the case due to tha stager being trapped in folds,
requiring inpit drilling of drain holes and irpit pumping.

Underground dewatering drilling is widely used on the Copperbelt. In differgs, hols are

drilled into the aquifer to lower the hydrostatic load. Most of these holes are equipped with gate
valves which can be closed in case @oaver failure e.g. at Konkola Mine and Nkanankl At

Nkana Mne in certain areagherethe watertemperature reaches 43°C, thales are equipped

with valves made of stainless steel which are usually reclaimed and reused once the holes are dry.

Some mines like Nkana and Chibuluma took advantage of the already drilled exploration hole by
driving dewatering crosscuts into expltcam holes as way of reducing the drilling cost. This

gave tremendous results of great drawdoamd cost reductiorBut this came with the risk of
flooding byanunplanned intersection of exploration holes which are ectea to a surface water
source, this was exgenced aboth mines. Luckily both mines did not flood, because thesl

were equipped with watigght doors and the mines had substantial pumping capacity. This risk

was resolved by cementing all surfac@lexation hole, 50m above the baly.

2.106 Grouting

This is the exclusion of water to an area by reducing the permeability of the surrounding strata
through pumping of cement or resin which resultainlosing of fissures and fracturégnce
reducing tle permeability. T approach has been usedsimface and underground mines.
Cementitious and resin grout has been widely used on the Copperbelt especially in Underground
mines. Holes are usually drilled around the excavation and resin or cement is pumped into the
holes. At Konkola Mne, Shaft No. 4800mLlevel haulage drive, this method was used and is still

being using5 cover holes are drilled at 36m length inexelopment heading as shown igure
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2.10. The holes ar¢éhenused for grouting andnce grouting is done the hole isdelled if water
comes out the grouting process is repeated. Once water does not coime eud is mined up to
30m leaving a 6m collar for protection then the process is rep&disds also used in tramming
haulages that need to be kept dry because of the peeséthe trolley lineHoles are drilled on
the back of the excavation and resin is pumped into the Wilen water starts seeping into the

tramming haulage the grout is redone.
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Figure 2.10: Cementation drilling layout at Konkola mine (Zambia Consolidated Copper Mine
(ZCCM) Limited, 1995)

2.11 Global Dewatering Approach
Globally dewatering is categorised ltlgree approaches, these afetive Approach,Passive
Approach ad Hybrid Approach The Active Approach is also known as Advandeewatering,

this approach dewaters way aheathming and is done using bdreles and dewatering crossisu
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or drainageadits while the Bssive Aproachwhich is also known as a Reactivepproach
dewaters during mining by natural pore pressure dissiptitrongh seepage. The third apach

is the combination of the Active ance&ctive Approaches known as thgldd Approach

The Active Approach utilizes thelewatering gallerieqyoreholes and water diversions to lower

the waer table. The rivexor strears arediverted away from the pdr mine The other technique
involvesthe sinking of boreholes or wells tiewater through the principle of pumping interface
either through gravity or mechanical meaAs a boréole is pumped a cone of depression
developon the weer table as shown indgure 211 A combination of depression cones produces

an interference effect which lowers the water table more effective and is achieved by placing
pumping bores close to each other. The use of many pumping boreholasesdhe effectiveness

of this method.

Post

Pumping

Well or
borehole

To avoid the pumps from being cloggec thalls of the well are alwaysieased or fitted witla

Pre Pumping

water level

Figure 2.11 Borehole (ChangYu Ou, 2006

screen and filters. The filters are mdoem materials that are fine such that tipegventsoil
particles from fleving through it. The filters have good permeability 8od through the casing

or the screeng hefilters must meet the following staadls;

< 5 i nsitu soil particle dono6t f|

> 5: material keeps good permeability Eq (2)

> 2: Filter material does not flow in the screen  Eq (3)
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