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ABSTRACT

“The Eledﬁcity S_uppljv Commission of South Africa {Eskom) have identified open cast coal

" mine back_ﬁli araas as potential disposal sttes for the large volumes of coal ash proguced
by their power stations. As Eskom's power stations are mainly situated in agricultural and
coal rich areas of the provinces of Mpumalanga and the Free State, the sterllisation of
substantial areas of agricultural solf and coal deposits is thus reduced.

The cdnstructldn of a taflings dam or dump on uncompacted open cast mine backdill
creates various problems related to the settlement of the backfill. The scale of the
operation, the large particle size and heterbgeneous nature of the bacidill and its method
of placement compiicates the prediction for settlement of the bacifill.

_Areas in excess of 74 000 ha cuuld be subjected to opencast mining in Mpumalangea and
for future development of these areas more information rec arding the magnitude and
mechanics of mine backfill setlement is required,

This dissertation describes two large scale fisld tests in which the settlement of mine
backfil was studied during the construction of a test section of an ash tallings dam and
the construction of a dry ash dump.
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1 INTRODUCTION AND LITERATURE
SURVEY

1.1 CONSTRUCTION OF ASH DISPOSAL
- FACILITIES ON MINE BACKFILL _ _

The Electricity Supply Cc:rhmislon of South Africa (Eskam) have identified open cast coal
mine backfill areas as potential disposal sites for the large volumes of coal ash produced
by their powar stations. As low quality coalis generally bumt by Eskom and their 6 unit
power stations are capable of producing 3 500 MW, up to 600 ton of ash per hour can be
produced by a typical power station. The ash dams and dumps are pianned to cover

“ areas of up to 900 ha per site. As the power stations are mainly sftuated in agﬁcuhuraf
and coal rich areas of the provinces of Mpuhmlanga and the Free Slate, the sterilisation
of substantial areas of agricuitural soil and coal deposis is thus reduced. '

‘The construction of a talings dam or an ash dump on uncompacted open cast mine
backiill creates variots problems related to the settiemenit of the backfill. The scale af the
operation, the large part[cle size and heterogenecus nature of the backfill and rls method
of placement complicates the pred:ctlon for settlement of the backimi,

1.2 GENERAL DEVELOPMENT OF OPEN CAST
MINE BACKFILL AREAS

Ata seminér held on construction over mined areas Wagner 'stated In his closing

remarks that “The papers by P Day and W A Naismith dealt with an aspect of mining-

related ground deformations which will became more important in the future, namely the

setilément of backfil on restored open cast sites. From bath these papers it is evident

that a fulier understanding of the mechanism of settiement and [ts influence on the

behavicur of suface sirain prbﬁlas is needed to use rehabiiitated areas for other

- purposes than agricultural use.” and further “it is essential that more attention Is given to

this particular prohlem

Bunding up a database and properly documemmg the findings would be of great
impartance fo Eskom in the construction of future pawe;r statlans if an in-pit ashing
solution is adopted and for development of large areas of Mpumalanga, as estimates by
Van Niekerié concluded that areas in excess of 74 000 ha could be subjected to
opencast mining.



1.3 LITERATURE SURVEY

1.3.1 Mechaﬁisms of Settlement Of Opencast Mine Pit Backfill
Mine baskfilt settlement can be subdivided into three mechanisms, namely consalidation,

coliapse and creep settlamems

: 3.‘!3 Consolidation Settlement
wi,” described consolidation settlement as the settlement that occurs in responsa to

chang?s in effect 3 siress shortly after any change in applied load, in common with many
grantfar materials. Due to mining sequances most backfill materials only bacome
avallable for development or utilisation f’ears after placement, when the consolidation

. setllement due to the self weight of the backflll has afready occurred. The effects of
changes tn load therefore only need to be taken Into accrunt when development of
bacfiled areas is considered. '

Nalsmith described the mechanisms of consolidation settlement as a pariod in which the
dry fill compacts under ks own weight, due 16 the failure of contact poims under high
compressive stresses. As one failure will taad to movement o, the materfal this will create
another fallure and thus the movament will be continuous. {Creep)

Jones aad Wagener® concluded In their investigation for Lethabo Power Station, %A large
proportion of the observed seftiement occuyred shortly after foading and primary
setflement was complete in less than two manths.”

Burford® recorded that most of the consolidation settlement ocourred during placement of
a 7m high earthfill, on a 24 m backfill, near Corby In the United Kingdom te surcharye an
area forthe dwempment ofa housing estate. Thomson and Sonneaburg © found
consolidation settiement to be compieted within two weeks under a 40 kPa prototype
foundation on mine hackfill in western Canada.

Charles® stated that “The concept of bearing capaclty as the controliing factor in
foundation design is based on the assumption that the major cause of settlemnent is the
welght of the structure built on the fil. Generally with deep uncompacted fls this is not
the case and most setfement can be attributed to other causes.” Significant sottiement
can however be expedted due to the low constrained moduius of backfill. The seftlement
however accurs as the structure is being built which is less of a problem than long term
creep setilement subsequent to corapletion of the structure.

1.3.1.2 Cellapse Settlement
Day’ describes collapse seﬂlament in backiill as the result of softening of :nler—partic[a

- contacts due to increase in molsture content leading to the reamangamenl of particles
and the assumption of a denser packing.



Naismith® describes the mechanlsms of collapse settlement In open cast mine backfil s
the following processes that ovour when the water table re-estabfishes Itself by infitration
" and lateral ground water flow; L : '

(] F-'me particles wash into_ voids causing reduced Iatara_l suppoit o famger particles and
potentially larger contact Stresse_s. This may lead to setllement above tire water table.

QO Effective shear strength is reduced due to the Increase In water pressure thus
creating the potential for intemal shearing under the water {able.

O Chemical and mechanical degradation may oceur.

Jones and Wagener® estimated this wollapse settlement to be In the order of 5% at the
Lethabe Power Station in-pit asting facility. Charies et al *° recorded upto 2%
compressioné with an'av_erage of 1 % in 34 m of backill at Morsley, {.uker and Wates !
predict a collapse settlement of between 5 % and 10 % for Kriel Colllery pit no. 3, '

1.3.1.3 Creep Setilement .
Day® described creep seftiement as °...slow, iong term settlentent undsr constant

condifions which generally decreases lagarithmically with time.” 1‘.)aya recorded 40 mm of
sattiement over a five year period at Optimum Colliery. Burford” found that creep
settioment decreased considerably after 10 days and virtually ceased after 28 days.

Charles® stated that Jong ferm settlement due to loading can be described using the
logarithmic creep parameter so defined by, :

5= 8+ 5 log (W) N

where s Is the total settiernent (consolidation and cresp setflemnent) at time t after loading,
s Is the consolidation settlement measurad at time (). When a load is applied rapidly,
Charies® states thal t; = 0.1 day might be appropriate and with a slower applied load
recommends 4, = 10 days.

Alteratively sxpression (1) can be written as,
so. = 2,303 t ds/dt
whete {ds/dt) Is the setilement rate at tima 1.

A value in the order of 0.3 for sw/s; is typlcal for poorly cornpacted granufar ﬁlls, according
to Charles®.

.;.m



132  Literature Survey of Recorded Mine Backfill Settiement

1.3.21 Wates and Wagner *? investigation at Matla Power Station
Wates and Wagner did a large scale field test or; the mine backiil tn Kriai Pit 3 North.
Luker and Wates'" Lublished detailed results of the same test.

A 8 by B m area was excaveited 3.5 m into the backfli with 1 in 2 side slopes. The
excavated pit was then lined with clay fo enable a saturation expanmant to he made

After replacing the excavated backfill and installation of inclinometers the area was

- surcharged with a 7 m soil mound and the settfement was obsetved. Unfo..unatsly the
settlement within the pit was not recorded at this stage. “ifie backfill in the pit was then

flooded to measure the collapse setilement of the fill above the clay liner,

Observation made during this test were:
O There was a 33 mm rebound upon excavation of 3.5 m backfll.

a 65 mm of setttement occurred in the 20 m of backfill beneath the test site upon
backfilling ofthe pit.

& 480 mm of setflement oceurred within the pit upon saturation. This incuded the
consolidation setiiement due to the surcharge. o

O Total selttement recorded in the 3.5 m fill was therefore 13.7 %.

To match the measured movements a program wiitten by Luker was used to modei
increasing stiffness with depth and a decreasing Polsson’s ratio with depth. The program
s written for developing simple models of soil behavior and [n this case i was
concluded that it is Justifiable to Interpret the test measurements using the simple soif
model of linear elasticity with 1o tenslon, For dry stiffness the following formula was
pmposed

E = 670D + 4000 (kN/m?)
v= o'.zs - 0.014D (D depth i metres)

For the 11.7 % collapse measured the following best fit ﬁas found:
E = 1060 kN/m?

That the test was done on backfill less dense than the overburden at depth, was

recognised, and an E value of 2500 KN/m? was proposed. From triaxial tests, and the fact

that E and v are heavlly stress related, an E value of 8000 KN/m? and a v of 0,2 were
 proposed for consolidation settiement. '

In the paper’ ! Luker and Wates propose a collapse potential of between 5 % and 10 %

1t



- 1.3.22 Jones and Wagener“"“lnmstrgaﬂons at Lethabo. Power
' Station

Two swudies were made on i' -] expected settiemant of approximately 33 m of
unoompacted miri2 backfi in the open cast pit of New Vaal Co-llery Day M aiso reported
on the ﬁndmgs of these lwu tests, '

© Consolidation and Creep Settlement Test

A starter platform of 11 m of sand was coristructed. The width of the platform was
' approximately 30 m at the crest and 85 m at the base. Four concrete slabs of 1.2 m
square and 250 mim thick were cast on the criginal surface of the backfill. “The level of the
surface was surveyed. On compleflon of the sand starter platform four small diameter
holes were drilled through the platform to the slabs, 20 mm galvanised pipes were
grouted fnto each siab and the top of each pipe wes then used &s a henchmark. The
contractor instaliing anchors for the conveyors however destroyed the pomts and only two
sets of data wera available.

The first set of resulis obtained with the installation of the pipe showed 959 mm of
consalidation settlement in a period of less than 3 months. A further 8 mim of creep
settlernent was recorded a further 3 months later.

Taken into acuount the finite width of the embankment and ine 33 m depth of fill an
.elastic modulus of 5.8 MPa was caloulated. Assuming that the elastic modulus incisased
with depth and had a variation of 0,5 E on the surface and 1.5 E atthe base, an eiastic

- modulus of 6 MPa was proposed,

Gollapse Settlement Test. _

in arder to establish the upper boundary of collapae settiernant, laboratory iests were
carried out. Values of collapse of the order of 9 to 12 % on average were recorded,
depending onl the applied pressure.

A oontrolled floading expeﬁmentwas done on the pit bacldill Priorto ﬂoodmg afism
square 1 m desp moat and monltoring points were instaifed at demhs of 5, 10, 15,20 end
25 min borchnles. Inially the tines within the moat aimost sealed the moat and litle
penetration of water was achieved. To overcome this problem trenches were dug intd the
fill.

Six s6ts of surveys were carried out over a period of © months. The surface acted as if
very stiff and settled the same as the 5 to 10 m layer, i.e, approximately 270 mm. At 10
m, 65 mm of settlement was recorded, reducing to 45 mm at 15 m, 12 mmat 26 m and 5
mm at a depth of 25 m. The greatesi collapse was 4 % recorded at 5o 10 m, reducing to
1%at25m.

12



Tha inadequate penetration of water to the deeper iayers may have played a role in the
reduction of collapse with dapth.

The Iack of collapse in the surface layer was possibly due to low overburden pressure _
~ and posslble previous collapse due to poor dralnage In the area.

Jones and Wagener proposed using 6 MPa as an average elastic modulus and 5 %
collanse settiement upon saturation for the design of the ash dump.

1.3.23 Settlement of Backlill at Horsfey Restored Opencast Coa}
Mining SHe, Charles et af’®

Chiarles et af'® describes an investigation into the collapse settiement of a 70 m depth of
predominantly cohesienlass fill, consisting of sandstene and mudstone material, OF '
particular interest is that de-watering of the pit contihued after backfilling to keep the
water level bensath the fill and monitoring was started bsfore pumping was stopped
giving the opportunity of momtonng the setilement that ocourred with re-esty"lishment of
the water table.

During the installation of magnet extensomasters in boreholes, less than 10 % of boulders
- ware found. The borehole samplas suggested that the unsaturated fill was in a loose
condition, The permeabllity was found to b greater than 102 cmisec. The extensomsters
woere installed in fills of d' fferent agos. '

_The paper describes the results of this monitoring over a three year period. Findings were
as follows;

@ Anincrease in the rate at setilement was observed at every gauge, apparently
related to the rise of the water table. Up to 1.4 % comprassion upon saturation was
recorded. No comelation between backfill age and éusceptibifity o collapse
settlsment was established at thls stage. '

O Settlement measured during the period also gave an indication of creep settlement.
Cresp of between 1 and 4 mm/month was reconded. A heave of 2 mm/month was
recorded for an area previcusly pre-loaded with an overburden heap.

0 Continuous cresp settlement at an increased rate was recorded after saturation of the
area.

0 An areé previously wetted by a lagoon as well as the pre-loaded area showed
significant less collapse settlernent. -

Settlement varied between 100 and 500 mm for the various areas.

i Charles et af'® next paper recondings made at Horsley up to 1983 are detalled,

13



Observations made during this period are:
@ Local vertical compression of up to 2 % was experienced.
@ The pre-loaded area had s!gmﬁcant Iessr collapse and creap sattlemenl.

0 0.5m of settlement was recurded in the deeptest area of the pit wlth more thar 0.2 m
as the resuit of creep in backfill abcve the water table.

Q The newest fill showed a greater rate of settloment than oider areas.

1.3.24 ~ Settlement ofa Facrory On Opencast Backfill, Smyth-
Osbourne and Mizon™

- Osboume and MIZOI'I'E describe an mvesugahun lnto 0.21 m of differentlal seltlement of a
factory built on dpencast backfill.

During the investigation two magnetic seftlement gauges recorded 4.7 % and 2.4 % of
coliapse setlement following cessa. ... of pumgping activities at closure of other local
mines. A reduction in collapse settiement v Y depth was recorded,

Continued monitoring of the settlement indi- sled that after two years the settlemant
virtually ceased as the water table stabilised.

Total settlement recorded at that stage was 355 mm In 7.5 m saturated backfill, Tharefore
' the total collapse was 4.7 %. '

1.3.2.5 Settlement Studles of an Open Pit Mine Backiill In Westerri
Canada, Thomson and Schultz"”

The aim of this siudy was to determine the Yime after which mine backfill areas can be
turned overfor publc utlization for urban or light industrial development as well as
recommended foundation design procedure for such areas.

A mining site in Edmonton, Alberla straddling a h]ghway named the Whitewood and
Highvale mines, was investigated. '

In the backiil, mudstone acted as a cohesive sof! whereas the sandstone and sliistone
acted as a coheslonless soil. '

Instrumentation Included multipoint magnet extensometers, single point settiement
gauges and standplps plezometers. Five 0.9 m” model footings wera also placed close .
to instrumentation to simulate foundation pressures,

Al Whitewood mine 30 mm of setflement was recorded in the one area with most
seitlement ocourring betwsen 8.4 and 12 m in depth. The authors noted that sattlement
became toleratle in 3 years and seftlement of light struciures occurs n & short time, 3 to
4 months, The water table level was constant at approximately 40 m depth,

14



Atthe Highvale mine vp to 200 mm of settlement was recorded. The largest settiements
were recorded In ar. as most recently placed. The collapse settlement playes the major
role in the .ecorded retilement, Load tests on three foolings were also performed.. '

- Approximately 80 mm of settlement due to 44 kPa loading was recorded. Spring thaw
caontributed to collapse settlement of the fouting.

Further findings were that age of the backfill played a smaller rola than the rise of the
water table. -

1.3.26 Deflection of a Motorway Due To Settlement Of Backfilled
Opencast Coal Site, Buist and Dutch™

Settlemant of a highway was recorded dtie to deep-seated movements in backfill due to

saturation of portions of the fill,

For financial and praciical reasons continuous road maintenance was prbﬁosed asa
remedial measures. '

1.3.27 - Land Reclamation By Opencast Mining, Waite and Knipe'®
The paper describes reclamation of areas of shallow subsurface mining of upto 30m

- depth by reclaiming the area and then backfilling in layars, The layers deeperthan 15m
were deposlted in 500 mm layers and compacted with one pass of a heavy raller. Layers
+_ shaflower than 15 m were compacted with four passes of a towed vmmtory compagtor i in
‘layers not exceeding 225 mm.

Plate load tests don- with a 800 mm diameter circular plate showed an average
sattiement of 1.33 mm with 100 kam toad and 2.7 mim with 200 kN/m? load, therefore an
elastic modulus of approximately 17 MPa. The modulus was cajoutated using an

" influence coefficient of 0.785 to be consistent with Naderian and Willams™ calcuiated
modulf,

Settlement expressed as a percantage of fill thickness varied between 0.2 to 0.35 %,
gighteen to thirty months after cummencing monitoring.

1.3.2.8 Long Term Performance Of Houses Buift On Opencast
Backflll, Burford and Charles™

The paper comparas the perfarmance of houses bullt on three types of ground
treatments, namely, pre-loading with surcharges, dynamic consolidation and saturation,

Average settiement (mm} produced by the ground treatment of approximately 24 m of fil
Is Hlus_tréted in the following teble: '

15



Dyriamic Saturation 9 m surcharge
. Consolidation . ' :
At surface 240 - 100 410
At 4 m depth 80 40 230
At 10 m depth <10 <10 40

Figure 1-1: Comparison Effect of Various Ground Treaiments
An area left unfreated as control performed similarly or hetter than areas treated with
dynamic compaction and salurat]on

Saturation was found to be the Iéast affective. if the saturéfion was throughc'ul the fillis
not mentioned in the paper. [f the results are studled it appaars as I saturation did not
extend fo the surface,

Washing out of fines {n the surface layer may also have occurred leading to & larger void
ratio close to the surface within the Zone of Influsnce of the house foundations. -

Burford® describes a subsequent surcharge treatment of 7 m for housing development
due to the suceess of the wark described abovs, A stiffer surface iayer was aiso recorded
here with maximum settiements from 2 to 7 m below the surface,

Tha settiement also oceurred shortly after placing of the surchargs. 800 mm diameter
plate loaciing tests after surcharge showed immediate settiements of no greater than 7
mim at foads of 30 kP&, therefore an w.astic modulus of approxlmaiefy 2.7 MPa using an
Influence coefficient of 0.785.

1.3.29  Use OFDynamic Compactfon ForRehabmtaﬁon Of A Mining
Backifill Area, Fourle And Wrench®

- Fourie and Wrench describa the use of dynamic compaction of 20 m of backfil at
Vogslstruisfonteln Gold Mine. Surface rights did not belang to the mine and the area had
to be given back to its owners ready fora proposed deveiopment. Surface settlen.ent of
less than 100 mm after 6 months was specified.

The bacldill was placed and compacied in two layars, the first 8 1o 12 m and the second
approximately 8 m to the surface, A hack analysis of the observed settlement provided a
modulus of deformation of 7.2 MPa.

Effect Of Water On Seottlement Of Opencast Pit Backfill, Day
~ And Wardie® .
Three case studies are described with emphasis on the effect of water on the settlement

of the backfill. Observations mads are:

1.3.2.10

a Pit backfill placed by dragline fs stiffer than material bulldozed into position.

16



G Water ingress from the surface dua 1o poor drainage creates focalised coliapse,
o More uniform settiemant is menenced with a rising water table

O Thelong term position of the static water table must b defined for development
purposes,

1.3.2.99 The Pmdfcﬂon Of Opencast Backﬂl! Sewement, H; ‘sahd
Denby”

A method of predicling opencasl backﬂll ‘settlement is described. Hills and Denby
-copcantrate on creep and collapss sefttisment. From field observations they observe that
saturation I3 2 malor cause of backfill settlement. '

They concentrated on areas that have development planned after backflllinr *"

areas have controlled backfilling operations with records of backfilling timing, : =x = -

compaction as defined by mathod of placement for example dragline, end fipping - &
- serapers, type of backfill and saturation of backfill,

From their available infdnnalion they make the following observations:

o Long term qéep settlement otcurs at a constant rate, Creep rate parameters () vary
from 0.1 to 0.3. In areas with no compection, values In excess of 1 wers recorded.
The creep rale parameter is Inversely related to the compaction state.

O Rapid strains ocour with saturation.
o Straln as measufed ot depth shows no apparent relationsﬁ[p to fill depth.
. m Straln of the total Il depth is not sitply proportional to backfil depth,

fu Co!lapse settlzment ocourrs even with compaction, Compacted areas record values
of 0,1 to 0.4 % strain with poorly compacted areas recording up to 1.5 % and
‘uncompacted areas up to 2.5 %. Collapse settilement shows an approximately
inverse relatlenship to the compaction state of the backfill.

O Airvoid values up to 10 % were recorded.
=] coiiépse settlement measured at various depihs shows no relationship with depth.

Hilis and Denby predict mine backfill settlement using a computer modsi, estimating o
with a relationship between c and dry density for UK Coal Measure sirata established by
Hodgetts et al ™ and collapse strain based on alr voids In backfil.

A case study is described where 23 points ware monitored aver approximately 18 months
* and- compared to predicted values. The values predicted wers clalmed to be on average,
. within 40 % of monitored values, However Hiils and Denby show typical variations for
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crieép parametsrs of between = 40 and 70 % depending on compactive state and 1d0
2 in collapse sattlemnent percentage for a specific percentage alr voids, How 10 %
accuracy Is abtained with such variable parameters is not explained.

1.3.212 Bean'ng Capac:ty OF Open-Cut Coal-Mine Backﬂﬂ Materlafs,
- Naderian and Williams®,

‘Naderian and Wiliams investigated the compressibility and beaﬂng capaclty of open cast
"backiill of different ages. Using kboratory tests the basic strength and deformation
properties of sandstone and claystone were determined. in-situ plate bearing tests were
carried out to assess bearing capacity.

The mining operation investigated was at Jeebropiily cotilery in s -4 Queasnsland,
Australia, The mining operation is by bench mining with excavators and 77 ton and 122 -
ton dump trucks. The backiill is therefore somewhat compacted after dumping by the
earlhmoving equipment,

From the laboratory tests a significant rapid consolidation settlement during placement is
predicted with a signiffcant long-term creep. Naderian and Williams belleve i
rearrangement and crushing of perticles to be the phenomena contributing to the long-
term craep and propose a well graded material to reduce contact stresses.

The reduction in strength of the material on saturation is the major cause of coliapse
settlement acc.ording to Naderian and Williams.

- A series of plate bearing tests was conducted on backfill with ages of one month, 12
months and five years. A steel plate of 750 mm in diameter was used loaded In 20 kPa
Increments to 200 kPa. An Influence factor of 0.785 was used. Young's Moduli were
calculated from the results, A high average E value for backfill placed longer than 1
month of 23 MPa was calculated with lithe vanance The freshly placed material recorded
values of 6.3 and 11.1 MPa,

Naderian and Williams concluded that bearing capacity is a funstion of compaction and
not the age of the backf. The siiffness increased with leading of the mining trucks and
will be able to support nommal construction activities subject to movement of the water
iable, -

The depth of the backfili layers as ptaced by the mining trucks fs not mentioned (n this
paper but Nederian et al * state that the pit is backfilled by end tipping [n 4 60 m pit. As
the plate bearing test only have a significant influence up to 800 mm any foundation with
a larger footprint than 750 mm and therefore higher influence factors at deeper levels
may still record slgnlﬂcant movement. The results obtalned from this paperis only valid
for small footings in areas compadcted with mine trucks.
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1.3.213 Numerical Modeling Of Settlements In Back-Filled Open-Cut
Coal Mines, Naderian et af™.

Naderian et al®, numencally models the differential settlenents of the Jeebrupilly Collfery
using the program FLAC. The plauement of tha backﬁH by end tIppmg with mining trucks
into a 80 m pit is modeled. Calculated differential movements varied from 0.3 m or 0.5 %
of fill depth to0 2.5 m or 4.1 % of fifl depth, According to thelr model 90 % of cnnsol;datmn
settlement ocours when backfifling Is completed.

Creep monltored by Naderlan et ai2® atJeebmpilly was approaximately 64 mmiin 2 years,

1.3.2.14 - Simulation Of Water Recove:y And its Effect On Seitfement Of
Open-Cut Coal Mine Backiill, Naderian and Williams*®

Nadsetian and Willlams™ aiso modeled collapse settiement with FLAC. They concluded
that co!lapsa sattlement Is the major cause of settlement, One-peroent collapse was _
predicted. Minor differential settlerment due to collapse settisment was also predicted.
Simitar collapse settiements were cajculated for different depths of backdll..

1.3.3 Summary and Discussion of Liferature Survey
In summarisin,; the literature survey, consolidation settlemant can be expected with
backfill stiffness varying from 5 io 23 MPa, Collapse settlernent varies from 1 to § % of il
thickness with proposed design values of up to 10 %. Creep saitlement parameters vary
from 0.1 o 1. General obsgrvations made in the literature are that backfili appears to be
stiffer with increasing depth, older material appears to be stiffer and pre-loading has &
significant impact on later setilement. '

Limited information clearly ilustrating the heterogeneous nature of the material is
avallable regarding the settiement of open cast mine backfill. If one considers the South
African situation the only information avallable is the work camied out by Jones and
Wagener %% .81, wates and Wagner ' ' and Fourie and Wrench™. Even though

' iﬁesi‘a studles provided good resuits and the proposed design criteria from these
Investigations proved to be accurate although sometimes conservaive the fisld-testing
had sevére restrictions in completeness. The Jones and Wagener field investigations hiad
restriction regarding time and data in their concolidation settlement investigation and
reganding effactive saturation in their collapse sehilement investigation. The Wates and
Wagner field investigation only provided results that was specific to the situation, that was
the saturation of loosely ptaced backfil.

The investigations i'eported In intematlonal Iilerature are very site and situation specific,
with the exception of the work done by Hills and l:harlby22 Ganerally only relative small
_ footings were Investigated.
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" Models of settlement prediction by Hills and Denby® leave urianswered guesifons '
ragarding possible accuracy. Naderian and Willams™ * % do generalizations with
compirter models but cormelstion with actual data is missing in thelr work.

Consuolidation setflement .is_generaily assumed to have taken place and emphasis ison
collapse and creep settlement, except for the work by Chartes? and Burford® as well as
the Initial investigations by Jones and Wagener®. STnce the wtiiisation of mine backiill wilt
include loading of the. hackfill (except agricultural use) the study of the consolidation

"~ settlement IS crtical and largely missing. '

in general recorded data can not be used with much confidence, due to difference In
condittions and the spread of resus. '



2 PERFORMANCE OF AN HYDRAULIC
FILL ASH DAM CONSTRUCTED ON

MINE BACKFILL

2.1 PROJECT DESCR[PTION

211 Kriel Pit No. 3

In the preliminary geologleal and gectachnical evaluation of altemative sites for the

- . proposed new ash disposal facility at Matla Power Station it was recommended by the '

consultanis” that the backfiled open cast workings of Angla American's, Krie! Colliery Pit
No.3 was the preferred site. (See Figure 2-2 % for an A3 drawing of pit area)

Kriel Pit No: 3 was found most suitable for the ash dam for the following reasons:

a The ground was aiready disturbed.

o Aithough the site had been rehabilitated It was only suitable for grazing as an end

use. The long-term viability and the quality of grazing on backfil are however viewed )

with circumspection by the local farmers.
t1  No viable coal deposits remaln under the site.

o Theskels topographically favourable.

Extensive Investigation and staged development of the proposed ash dam with

on undlisturbed ground. Locating the entire toe on undisturbed ground was found to be

technically preferable. The construction of the toe on mine _
backfill requires undisturbed ground to backfill interfaces, which was regarded as a
savers problem. Eskom’s (the owners of the ash dam) Civil and Building Division,
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responsible for the civil design of the ash dam used this information as their debaf‘lure
point. ' '

The construction of the ash dam was divided Into two phases. Phase one included all the
mechanical and civil works to ensble the filling of the mine access ramps with ash (See
Figure 2-1 for typical Secl[oh). Phase two was planhed to Inciude all the mechanical and
civil works for the canstruction of the ash dam above mine backfill level as wellasa
relocated stresm diversian. '

- 21.2 - Motivation for Test Wall Monitoring Program

Wates and Wagner™? instafled various [nstruments during 1963 and surveys on these
instruments continued to be perfermed. These instruments were however located for fong
term monitoring of the ash dam. As the ash dam growth in these areas was slow, no
loading of the s;densometers occurred and the data was insufficient for a reassessment
of the deslgn assumptions,

2121  Stream Diversion

Considerable amounis of ash hatt apparently entered the mine backfill through small
sinkholes duiing phase 1 of the construction. This combined with normal consolidation
settiement and collapse settlement (due to increases in water table level) occurring under
the seif weight of the backfil led the ash-handling contractor (Roshcon) to beljeva'mat the
sefttlement originally anticlpated in the design phase might be far smalter in bractice.

During 1994 Roshcon proposed an investigation into the settlement of the mine bacii
under the ash dam at Matla Power Station. Roshcon proposed this investigation as they
believed from their practical oper}:ﬂng experience on the ash dam that such an
investigation might prove it practical to construct the ash dam wall across mine backfil
and undisturbed ground interfacses. If this proved practical the daywall could be moved
onto mine backfilt. The planned relocation of the stream diversion South of the ash dam
would then be eliminated with a potential cost saving of R & 000 500.

2.1.2.2 Slope Stability and Daywall l_'ntegrfty

The influence on wall stabillty due to the c.nstruction of the ash dam wall on mine backfill
was not fully understood at the design stage. Befors full scals construction of a small
section in the southwestem area commenced, where the daywall was planned to be on
backfill, more information was required. ' he construction of the wall on backfill in this’
ared was necessary to enable the use of the final cut as an ash water retum dam.

“The development of tension cracks dus to cifferential settlement could have lead to
piping eroslon as well as a reduction in the factor of safety against slope fallure and was a
- major concem,



24.3  Site Conditions

2.1.3.1 Area Geomorphology

The gaomorphblogy of the area sun-ounding ihe ash disposal site Is dorhinated by the
Affican erosion cycle with oval shaped pans being a noticeable feature ori the flattened
planar surfaces. The Bakanlaagle River dominates drainage ofthe area, The river has
been diverted around Kriel Pit No. 3 via a largs stream diversion.

21.3.2 . Geology

Horizontally disposed .?,et:.iirmentamr rocks of the Vryheid Fosmation of the Karoo Sequence
urderiie the pit ared o a daplh of 120 m. Cyclic Successions of sandstons, shale,
siitstone, mudstone and coal oocur. Overafl the Viyheld Formation consists of regular,
horizontally disposed strata essentially fres of faulting except for accasional Intrusions of
dolerite dykes,

21.3.3 Pit Stratigraphy
The opencast mining operations and subsequent rehabilitation craated & unique
stratigraphy. A large pit filled with mine spoils except for the final cut and mine access
ramps, ramps 3, 4 and 4a was created with the mining of the coal Jayers. The backflll
comptises of a mixture of residual and transported soils and blasted residual rocks such
as shale, slitstone and mudstone. The material was inffially placed with a dragline in
parallel conical piles creating a series of peaks and valleys. The material was fiatiened
using bulidozers and then most of the area was rehabilitated with a layer of topsoil using
- mobite mining machinery. The method of placement of the backfill fed to a particle size
varying from 2 m boulders to silt size material. Some segregation of the backflll has
ooccurred at the bases of the original spolf heaps.

2134 - Layoutzad Construction of Test Wall
A settlement-monitoring site was chosen in the southwestem comer of the ash dam. The

instrurnentation #as installed in the area of the planned daywsll between ramip 4 and the
western edge o1 the ash dam.

 'The test wall is 2 portion of the daywall planned on the mine backfill and was identified as
the test section for the following reasons:

o Ease of access.
o Minimal extra operating cost,

u  No sterilisation of {opsuil. {Parts of the mine backfill had already been rehabliitated
with topsoll before the final decislon on the site of the ash dam was made.)
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U The test area would form a part of the planned daywall, The full size of the test wouid
elImInate all scale prob[erns

The test area oveifies a secllon of mine backﬂll messurlng 120 m x 280 m, The average
backill depth is 25 m. The average water table depth under the test section was 15.8 m
_ atthsﬁme of the test,

The ash daywall is constructed In layers or lifts approximately 700 mim thick. The edge of
the daywall is lifted approximately 1 000 mm: at a time by mechanical means followed by
depositing fly ash slumy into the area, The water/ash ratio is 1:1 by mass.

2.1.3.5 Ground Water Re-establishment .
The mine artificially lowered the ground water table In the mine pit during mining. As the
mine oparaflon has moved away from this area it was anticipated that the water table
would slowly start 1o rise and re-establish itself due to water from the ashlng operation
and rainfall recharging the ground water from the sitrface,

2.2 INSTRUMENTATION OF TEST WALL

2.21 Instrument Selection and Design

- 2211 Requirements of Monitorlng Program

The essentlal requirement for & settiement-monitoring program is that it must enable the
creation of a reliable and accurate subsidence model, Thus a program that gives an
indication of the following s requited:

&) Consofidation sethement of the mine backfill layer under its own welght at first and
later under the overburden weight of the ash layers. '

b) Collapse settiement of the mine backil layer as the water table re-establishes ltself.
¢) Settlement above the water table induced by the washing out of fines,

d) Dete.nnlnaﬂﬁn of the rature and extent .uf the ash Infittration into the mine backl,

_ @) The effect of the Infiltration of ash particles into the mine backiill on:

» ash dam settlement as described in points a, b-and ¢.

+  surface volume required for the ash dam.

22.1.2 Parameters to be Monitorad
Three parameters were monitored with time:

a) Vertical deformation of the mine backfl.



b) Fluctuations of the water table,

©) Ash infiltration into mine backfifl.

2213 Predictions of Magnitude nf Settlement in Test Aroa
The basis for the originat das:gn work was an Initial investigation by Wates and Wagnar

A 10 % settlement after saturation weis pradicted in this study. Maximum setllemeni_
expected according to this prediction in the area where the monitoring was carried out
- was approximately 2.5 m.

2.2.2 Instrumeént Description and instailation

Settlernerii monltering instrumentation can be unreflable unless well designed for its _
specific pumosa. With the scale of operation, the large partidle size, the heterogeneous
nature of the material and the magnitude of settiement expected, this pfublam was
expectad to manifest itself. A very rugged, simple and relfable method of setlement
moenltoring was therefore designad and instalied,

- Three types of inslrumentation weéra decided upon;

2221 Extensometers

Five sleeved axtendible 12 mm diameter aluminium rods were anchored at various levels
within three boreholes (See Figure 2-4 for schematic cross section and Figiure 2-3 for
relative bosiﬂons). The bareholes (numbered E1 to E3) were drillad at approximately the
centre of the test wall at approximately 50 m horlzontal intervals. The holes were drilled to
at least 25 m desp, (Sea Figure 2-3 for schematic layout of test wall)

The atuminjum rods or extensometers were numbered E1/1 to E1/5 for borehole E1, E2/1
to E/5 for borehole E2 and E3/1 to E3/5 for borehole 3. The number 1 benchrnark was
apprommately 1 m from the surface with benchmark 5 the deepest at 24 m.

The following instaliation procedure was followed (See Figure 2-4):
o Meaaure borehofe depth.

O Lowerslesved aluminlum fod {3 m tengths threaded &t bath ends and
connected) inte borehole. The rod was sleeved with 20 mm dlameter PVC
piping and taped to the bottorm of the reds to prevent separation during
installation. A reinforcement bar was screwed to the bottom of the alumlnlum
rod to anchor the rod into the grout.

O Anchor rod with grout, Grout was placed at battor of hole through a 50 mm
PVC plpe to protect the sides of the borehofe where it was not sleeved and to
allow for better confrol over the placement of the grout anchors, The grout
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was then gl_ve'n' a one day curing period to ehsdre that the rod was -éecurely
anchored. During anchoring the rod was suspended approximately 100 mm
~ from the bottom of the burehole to ensure grout penetration beneath the rod.

O Test to'ses if rod anchored. [f not, add more grout. Rod E3/5 had to be
grouted three times before the rod was anchored. This was pnssibly due to
the pressnce of a substantial void above the bedrock. '

o Measure borahole depth.

D Place layer of 8 mm gravel iﬁ borshale.

O Install piezometer |

O Place further layer of 6 mim gravel 't._o Just belcw.!eve[ of neid benchmark.

Q. Place PVC stsave over plezometer and aluminium rod sigeves, {This was
only done at 1, 5 and 16 m benchmarks to reduce the risk of failure of the
instrumentation dus to poss:bie large difierential settlements within these top

layers.)
Q Add 6 mm gravel up fo the level of next benctimark.
O Anchor next rod,

0 Repest process at all the required anchoring levels. Benchmark 4 was
planned to be placed just at the existing water table to differentiate betwaen
settiement in saturated and unsaturated material. Due to a significant
fluctuation in the water table level dur]ng !nslallatlon these benchmarks wers
however placed above the water table of the base survey.

a Add extendible casing at suiface to prevent ash infiltration Into the borehole.

2222 Piezometers |
Five open standpipe plezometers were installed, one in each of the extensometer

boreholes (Nurnbéred EP1, EP2 and EP3) and two in purpose-drilled borehalss (iTP
upstream and TP downstream).

The piezometers consist of 25 mm PVC pipes coupled with PVC sockets glued together
with PVC glue, The bottom of the piezorhatar consisted of a 300 mm plece of 25 mm-
diameter PVC, drilled with twelve 10 mm diameter holes which were mvemd by a porous
polyethylene filter.

The piezometer Instaliation consisted of the following steps:

t  Measure borehole depth.



O Add layer of 6 mm gravel.
0 Piace plezometer in hole.

0 Add 6 mm gravel to above filter tip by measuring borehole depth as the
gravel is added. (Gravel to act as filten)

O Filk borehole to surface with material from drilling.

O A lockabls cap was placed o\}er piezometar TP,' as this plezometer was the
most accessible to vandalism.

2223 Settiement Rods

A series of extendibla settiement rods consisting of 25 mm galvanised pipe with a 100
mm T- place anchor, cast into 500 x 500 x 300 mn thick concrete blocks were installed
along the longitudinal and cross sectians of the dyke. They were numbered DL1 to DL13
for the long sectiont and DC1 to DC4 for the cross section.

A saries of reference benchmarks was installed outside the wall area with a reference
benchmark R outside the estimated influence area of the dyke, Benchmark R was
monitored from benchmarks outside the pit area,

2224 Borgshole Data

Rotary percussion drilling was used for the boreholes. The boreholes were flushed with
air and various problems were experienced with the substantiaf volds intersected in the
fill. Placing steel casings into the bareholss reduced the problem of loss of alr pressure
into voids. The casings were exdracted as the Instrumentation was installed,

Identification of tha intersaction with bedrock was a major problah'l.' Due o the use of

- rotary percussion drilling the identification: of discontlnuities was difficuit, From previous

" surveys the depth of bedrock was estimated to be not more than 25 m, It can therefore
not be guaraniced that the deepest anchofs are anchored Into bedrock. These anchors
must, however, be vary dose to bedrock, in saturated and pre-loaded matetial and
tharefors the settioment potential of the anchors is very small. Other problems (See
“Instrument Performance”) however nullified the use of these benchmarks.

Alli the boreholes passed thruugh a fairly homogeneuus shale materiai with areas of
sandstons boulders.

The borehole for one of the piezometers outside the daywali showed axtensive ash
infiltration at depths of 8 to 10 m. The borehole was drilied approximately 28 m from a
substantial ash inflitration recorded by the construction supesvisor. An interesting
observa"[ion’ Is that this infiltration occurred in line with the mws of spoil heaps placed by
the dragline during the backfiling operation.
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 For detailed drilling logs see Appendix B, page 67.
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Figure 2-4: Bypical Extanzometer

223 Instrument Calibration

2.23.1 Installation depths
. All measurements In the boreholes were done using a fape measure welghted at the zero

end.




The aturinium rod fengths were known and therefore anchoring depths couild be
caloulated falrly accurately. Instaliation depths as supplied by the installation
subcontractor are included in Appendix C. '

An elecmcal dlprneter was uset. lo measure water table levels,

2232 Base Survay

A professional land sttveyor carried out a base survey on 8 May 1884. Al lhe anchor

depths were transiated to levels using the installation information, Water level readlngs
_waere aiso carsied out on the same day. This information was regarded as the base

information upon which the monitoring program was based.

- Alist of all the measured and calculated leveis s indiuded in Appendix . (The "concrete”
_ levels indicate the Jevels of the concrete anchors of the benchmarks,)

2.2.4  Instrument Performance

2.24.1 Extensometers
All three extensometers performad well and pmwded reliable results, Problems

experienced are that the deepest extensometer anchors have shown erratic movements.
A possible explanation for this Is that during Installation these anchors were not sleeved
from Behchmeark 4. This may explain the similar settlaments recorded for these two
levels, The strains in layers 4 to § have therefore also been evalusted Ignoring the data
for benchmark § and assuming that solid bedrock Is at 25 m depth. The results of the’
fourth benchmark should howsver not be influenced by this probiem due to the low
stiffness of an 8 m lorig, 12 mm dlameter afurntnium rod.

The zgreement of the extensomaters with adjacent settiement mds was' very good and
indicated 1hat the pea gravel used to separate the benchmarks conferied to the backfill
settioment.

2242 Setilement Rod's
“No problems wers expsﬂenu_ed wit_h the settlement rods.

2.24.3 Plezometers | |
The piezometers proved to be unrellable and of the Ave installed only one survived, The

~ plezomsters in the wall were aif lost due to differential sotflement, Piezomater {TPy

* outside the wall was fost due to an accumulation of unforesesn events, Water infitrated
the borehole during ashing at ah emargency ashing area, washing out the backil
material near the surface of the borehole and then scraping the standplpe agelnst the
edge of the borehola, thus puncturing it and then ﬂobding it with ashing water from the

surface.
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The one remaining outside piezometer (TP) is still operational and enough information is
available to correlate Its readings with the water table in the area under the test wall,

 In future the installation of vibrating wire piezometers with cables leading to data loggers
shauld be considered for similar applications. :

2.3 OBSERVATIONS AT TEST WALL
' Suwe'ys were canied out on days [, 30, 50, 80, 98, 142, 184, 275, 338, 463 and 625.

Dusing this period the ash déywall grew In helght to approximately 7 m (See appendix A
for schematic cross section of wall growth). This chapter only illustrates the observed
settiement of the various Instruments. Evaluations of the results and siress strain graphs
follow in chapter 4,

The settlement versus the strass Imposed by the ash wall is Hiustrated in figures 25 to 2-
9, Stelnbrenner influsnce factors were calculated for the different positions of the
instruments in the wali. The loading was calculated using surveyed wall height, the
influence facior and an assumed ash denslity of 1 300 kg/m®.

Sitress Imposed by Ash Wall {kPa)

0.14

jem E1H E2 & |

Figure 2-5: Comparison Of Settlement Of Mine Backfitl Layer Depth 1 To S m
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231  Recorded Data -

23.1.1 Extensometers : .
Figures 2-5 to 2-8 illustrate the settiement of the layers of mine backiill as recorded by the

extonsometers.

Good correlation between extersametars 1 and 3 were recorded in the upper layers
{Figure 2-5 and 2-6). The significant difference with extensometer 2 in the upper layers is
possibly due to the presence of sandstone houlders in the area. .

Stress Imposed by Ash Wall (kPa)
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.. Figure 2-6: Comparison Of Settlement Of Mine Backfill Layer Depth 5 Ta 10 m

33



o o
B =

g
o

#Aanitored Settlement im)
o d
3 B

]
g

p.
B

Stoss Imposed by Ash wail {kPa)
40 60 80 . 100

120

N

[—=—t1s3 E2r3 ==E3/3 |

Figtre 2-7: Comparison OQf Settiement Qf Mine Badkgfili Layer Depth 16 To 16 m

Stress Imposes by Ash Wall [kP2)

0 20 40 60 8 160

o
)

Monlinred Seftfermet {m}
g =&
(] e

=]
e
-

o8 T

J

o8

i E1/4 E2/4 Eam{

Figura 2-8: Cnmporison Qf Settlement Of Mine Backfill Layer Depth 16 To 25 m

34

120



" Extensometers 1 and 2 agaln correlate better In thy: lower layers (Figure 2-7 and 28),

_ The large settlement recorded in the lowest layer of extensometer 3 is possibly dustothe
presence of a vold or !ow-densﬂy area which was reconded during drilling.

The Hlustrated setitament of layer 4 Ignores settlement recorded by deepest
extensometers (E1/5 to E3/5).

2312 | Setlement Rods _ _
Comparative setlement of all the seftlemant rods as well as the three surface (1m daep)

extensomneters is tustrated in Figure 2-9.

A survey done in March 1997 with no further loadisr. of the wall recorded an average
creep settlement of & cm after 14 months under a conslstent load of approximately 73
kia.

2313 Piezometers o
Water table fluctuations of up to 1,5 m were recorded. The ash water return dam in the

final cut governed these fluctuations and no significant Influence on the setilement was
recorded,

. Stress Impased by Ash Vsl (kPa)
4] 20 40 &0 20 100 120

Monitored Settlement {m) .
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— DR . DL12 oed 007 sm——memDCE = -« — D04 !

Figure 2-9; Recarded Settlement A/l Suufacs Extensomatars And Settlemont Rods,
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23.2 Visuai Observations

A very important observation made during the construction of the test wal! is that nb
{ension cracks formed in the wall or on the edges. If one considers the fast that the
eastern slope was constructed at an angle steeper than 1 In 4 and the northem slope
steeper than 1 in 2 ihis Is quite remarkable. Furthenmare, 350 mm of measured
differential setttement that occurred betwean two points which &re wpproximately 20 m
apart did not create any sign of distress within the wall,

2.4 OBSERVATIONS OF WATES AND WAGNER

' INSTRUMENTATION '

Surveys weve carried out from 30 March 1992 1o 20 Novemtiar 1997 af regular Intervals
on existing instrumentation installed by Wates and Wagner™ for ash dam pesformance
monitoring. A problem with this data Is that :n analysis was done on the information
during the latter pan of this period. When the data was analysed in November 87 various
irreguiaritios appeared. From the Information it appears as if benchmarks, assumad to be
stable, were creating various problems with the data,

2.4.1 Extensometer MB1

One extensometer MB1 similar fo the ones installed in ihe test wall, was Installed with 4
aluminiurm rods, the despest anchor in bedrdck orvery close to it. An assumption that the
deepast anchor was stable was made and tie relative movement of the other three
extensometers relative to this one Is llustrated on Figure 2-10, MB1/ is the deepest
anchor in bedrock, MB1/2 at 12.5 m desp, k. 31/2 at 7 m desp and MB1/4 at 4 m deep,
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Figtra 2-10: Settlement Etensometer MBI With Saturation Qf Baekfill



Initially fram January 1992 o August 1993 a total creep settlement of 30 mm was
recorded. The major part of this settlement, 20 mm occurred betwasn MB1/1 and MB1/2.
Fluctuations in the water table may have fed to some coilapse seftiement in this layer,

The quick re-establishment of the water table (MBW) experienced in this area due to an

~ excess water problem is also illustrated on Figure 2-10, One can clearly see the collapss
sotth. i ocourring as the water table rises. Figure 2-11 iltustrates the water tabie
movament relative to the depths of the various anchors, | '
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Figure 2-11: Re-Establishttent Of Water Table At Extensometer MBI
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3 PERFORMANCE OF A DRY PLACED
ASH DUMP CONSTRUCTED ON MINE
BACKFILL

3.1 PROJECT DESCRIPTION

3.1.1 Introduction

[n the Intal investigation on the disposal of ash from Lethabo Power Statlon” It was
concluded that in ganeral, dry ash disposal on open cast stip mine bacidill is an
envirenmentally correct solution, avoiding the sterilisation of good arable land, Due to the
proxdmity of the Vaal River and a major water resource underlylng the pit they however .
believed that It was the cormect disposal method at the wrong place, Subsequent' research
by Hadgson * indicated that there would be a nett loss of ralnfall due to svaporation on
the ash dump which gave Eskom the confiderce to continue with the design of the ash
dump on the backfiled pit of New Vaal Colllery.

This method creates technical problems of which the influence of the settlement of the
loosely placed mine bactdill on surface drainage of the completed ash dump is the major
one. ' ' '

in the subsequent Investigation by Jones and Wagenar® on compressibility of the mine

. backflli at Lethato Power Statioh, the conclusion was drawn that "4 farge proporfion of
the observed seftloment occurred shartly after loading and primary settioment was
romplete in less than two months.”, Jones and Wagener further recomiended additlonal
monltoring on variations in consolidation and colapse setitemant. Their subsequent
reportm addressed colfapse setflement but the degree of confidence In these results was
low due to the very wide range of results from various sources,

3.1.2 Motlvation for a Monitoring Program

A formal seittement monitoring prograrm was therefore needed for gathering of essential
information to create an accurata subsidence model, The information is essential with
regards to long-farm snvironmental lmbact assessment, storm water drainage desion,
ash dump construction, the possibility of future land utillsation and the future level of the
mine backfill to ash interface surface,

3.1.21 Environmental Impact _
The pennission to construct an ash dump over undermined ground was given to Eskom

by the Govemment Mining Engineer, The following were however conditions for the
construction of the ash dump:
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D Eskom is liable for any environmental problams that may arise during and afer the
complation of the ash dumip.

O Theash dump must be constructed in accordance with the procedures contained in-
Eskom's Epvironmental Impact Control Sechon's report on "The Proposed Method to
Dispose of Ash™.

In the report "The Proposed Method to Dispose of Ash" it is recommended that the ash
be placed above the spoll and soft overburden and also above the fufure water table that
is estimated to be at 1421 m 2.m.s.l. This wiil reduce the likeflthood of polfution of the Vaal
River and undeﬁylng aquifer system by leachate.

These considerations were the deciding factors in cheosing the 1429 m level as the final
level to which the rine backfill is spread. An 8 m tolerance betwesn mire backfil level
and estimated future water table was decided upon, This tolerance will cater for an o
estimated 8 m of setilement at that stage and a 2 m safety margin,

Subsequently Jones and Wagener recommended the use of a Yeung's modulus of 6 MPa-
for consolidation settfement and 5 % of baskdill thicknass for collapsse ssitlement. On a full
teight ash dump (50 rﬁ) these parameters give 8.55 m of settlement for 50 m of mine
backfil. Considering the mine backfill tolerance of — 0.5 m only a 1 m safefy margin
remains.(On this estimate).

Due to the low degree of confidence in the seftlement estimates, it was therefore
essenttal to monitor the seftlement continuously, The monltoring will either confirm the
previous results or provide an early wamning system that the ash will setfle [nto the future
ground water table,

3.1.22 Storm Water Drainage Faclliities
Settlement monitating Is also needed to ensure the continued functioning of the ash

dump's stormn water drainage faclliiles, Differsntial setiiement of the ash dump could
iriﬂuenoe the storm warer mnoff patterns, possibly rendering the existing and planned
storm water facilitles ineffective. Local depressions could cut off the Jow of canals and
create ponds resulting in further locallsed settlement and the generation of ash leachate
info the mine backfill. Larger scals settlements could change the runoff directions of entire
catchraent areas, requiring major ongoing remedial works,

Acourate pradiction of settiament Is therefore & requirerment for any future storm water -
drainage planning,
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3.1.2.3 Ash Dump Construction

Accurate prediction of the total and differential settlamient of the ash dump and mlne
baokfill will make it possible fo anticipate settiements and account for them by .
overstacking ash in the problem areas. This will rasult in savings on bulldozjng and
hauling when re-contoirring for final shaping of the ash dump before rehabliitation,

3.1.24 Ash Dump Stabliity _
Tensiont cracks as wide as 13 om have developed due fo differential setilement of the
ash, These cracks lead to an increase in probability of a deep seated slope faifure within
the ash dump, Drainage problems due to these cracks have also accurred,

Understanding the mechanics of these cracks shoutd make it possibie to predict their size
and impact on ash dump stability. -

81.25 Level of Handover of Mine Backfill

With more accurate Information availabie on mine hackfill settlemont, a re-evaluation of
the 1429 rn aum.s.l. level can be done. [t may be possible ta use a [arger tolerance, which
may lead to considerable savings in mining costs.

3.1.26 Leglsiatian
The Water Act No 54 of 1956 is very important to the construction of the ash dump.

~ Govemment Notice R287 of February 1976 contains the following relevant regulation:

Reguiation 12  *The manager of & ming or works shall ensure that any

' : minerals, tailings and waste rock dump and any sfimes, barrier
or evaporation dam, storm water drain or other waterway is as -
far as praciicable located and deslgned so as to minkmise the
possibility of damage thereto by subsidence, sattlement,
shock and cracking due to past, present or future operations
at the mine or works."

The monitoring of the settlement to confirm that the storm water canals and the drainage
concept of the ash dump wilt not be "damaged” by settiement Is therefore 2 legal
" requirement. . -

3127 Possible Future Land Utilisation |
There is the possibility that the in-pit ash dump after the closure 0t_' the Power Staflon
could besome prime land for developments due to its proximity to the Vaal River and

" Veresniging.

Construction over this ared will be dependent on the relisbility of information on the
possible remaining settlement of the area,
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'3.4.3  Site Conditions
3.1.8.1 Area Geomorphology
The New Vaal Colliery pit is situated onthe Free State bank of the Vaal River, south east
of Vereemgmg The topography of the area is flat and undulating, Magcauviei, siiuated on
the north eastern side is a low lying poorly drained area.

3132 Geology

The site is situated on the Viyheid Formatlon of the Ecca Group, Karoo Sequence Malnly
sandstone with Interbedded mudstone and coal seams are encountered. The Viyheld

* formation is underiain by Dwyka tillites and Malmani dolomite(Which I5 the équlfer
referred to earfier).

The entire area is overlain by approximately 10 m of sandy athuvium.

3.1.3.3 Construction Method for Mine Backflll
Tha basic mining operation is lustrated In the schematlc cross section Figure 3-1, and is

as foilows.

Initially the aliuvial sands are stripped and stockpiled. Thereafter the overburden and
Interburden are biasted into the previous cut and the coal is removed from between these
layers up to a depth of approximately 50 m.

The over- and interbumen are then cleared by a dragline that dumips this material In front
of the ashing operation cresfing the sharp crested rock backRll heaps shown in Figure
1. '

The alluvial sands are then hauled by mobile plant or a conveyor system and loossly
dumped onto the dragline spoil heaps and leveled with mobile plant to the required 1428
m a.m.s.l.-

. Afuvial Sands
Mine Levas Bachstack " Placed by Truck or Convaya

' 200 m .
Not to Scale: Dimansions are Typloal Overfinterburden
Placed by Dragiine

Figura 3-1: Typicul Cross Section Lethabo Ash Dunmp dnd New Voal Ca.’ll‘é:yP:‘t
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3.1.4  Ash Dump Development _ :

After an area of leveled mine backfill has been handad overto Lethabo, ashing
coMINences on the area. The aéhlng operation sequence is illustrated in the scherriatic
cross section Figure 3-2. ' ' '

An 11m high sand starter platform was constructed on the mine backfil running from
north to south. Shiftable conveyors were srected on this platform.

Ashis {ransported from the power station at an average of 500 tonshr in a semi dry-stafe
(13 % moisture) via overand conveyors to the in-pit ash dump. At a transfer house the
ash s fransferred ta eith or one of the two extendible conveyors. These conveyors are
extended at regular intervals as the ash dump develops in a westerly direction, Each

- extend\ble conveyor ands with a headstation that transfers the ash to a shiftable
convayor, Stacker machines are connected {o the shiftable conveyors from which the ash
is stacked. ' :

Stacker

Backstack 2 3 New Frontstack

Backstack 1
Sand Starting Platio

Open Cast Mine P
(=]

Figtira 3-2; Sehematic Cross Sepfion In-Pit Ashing
Inftisily, only a frontstack was constructed, This involved dumping the ash overthe
western side of the starter platform onto the mine backfill. This newly ashed area was
flattened, as the ash was stacked, When thé stacker system could no lenger reach aver
the adge the extendible conveyors were extended and the shiftable CONVayors were
shifted parallel in a westsyly direction by approximately 42 m. The ashing then started
again by firstly ashing behind (backstacking) on the sastern side of the conveyors and
then agaln overthe edge (frontstacking) until the stackers could not reach eny further.
The conveyors were then shifted again. This process will continue [n repsating cycles
until the closurs of the Power Station. ' '

The frontstack grows at an Incline and will reach a maximum of 38 m above the mine
backfilf level, The backstack will vary in height between 8 m and 12 m. The backstack wit
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be contoured and sloped to brovtde an acceptable storn water and erosion control
system.

2141 ° Ground Water Re-establishment

The mine artlficlally lowers the ground water table to-de-water the mine. As the mine
operation will move wastwards faster than the ashing operation, the mine pit will graduatly
move away from the ash dump. The water table will then s[owly start to rise (but to a very
limited extent due to the high peimeabillty of the backfil and re-astablish Itself beneath
the ash dump.

' When_ the mining operation stops the water table will fully re-establish in the area, Due to
the parmeability of the mine backflll the final phreatic surface will be nearly horizontat and
will estabiish ftself to the jevel of the Veal River or approximately 1421 m a.m.s.l. This
level will be governed by the water leval It a planned mine [ake north of the ash dump.

3142 _  Environmentsi Conditions

The area of the ashing uperation is very environmentally sensitive due to the close
proximity of the Vaal River. Water for the PWV reglon is pumped from the river
downstream of the Power Station. A further environmental onstraint is a large water
resource beneath the mine pit fioor in form of the Malmani dolomitie aquifer, '

Environmental protection thes prohibits leaching of the ash water into the mine backfli,
No unlined ponding is allowed on the ash dump surface &s this water may leach through
* the ash into the mine backfil,

3.14.3 = Mechanisms of Mine Backiill Settlement

Simllar mechanisms of mine backflll settlement are expected as discussed In chapter 1.
In the Lethabo case the mechanism may vary due fo the water table re-establishing itself
from below the agh dump area at the flaor of the pit and not from the surface. The
different method of re-establishment of the water table with continuous movement of the
water in a horizontal plane caused by the de-watering of the plt may Iead to differential
movement of fine pariicles. Geotechnical properties of the materials may also vary.,

3.2 INSTRUMENTATION OF ASH DUMP
The work was broken down into thres distinct phases.

3.21 Design and Installation

3211 Essential Requirements for the Monitoring Prograr _
“The reqmremenfs for a settlement mnnitnﬁng program are the same as for the program at

Matla and reguire g'\dng an mdnoatmn of:
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o Consolidation s'ettlamanf of the diffenant mine backﬁll Iayérs under thelr own weight at
' first and later under the overburden weight of the frontstack and finally under the
- backstack of the ash dump. - _ B o

-t Collapse settlement of the different mine backfil layers as the water table re-
establishes itself. Problems were foreseen in obtaining accurate coliapse setilerent
resuits due to the high permeabillty in the backfill.

o Consolidatlo_ﬁ setlle_ment of the ash dump under its own welght.

it was further proposed that the movement within the ash front face also be investigatad
o throw more ight on the tenslon cracks experienced on the frontstacks. | was believed
that the following sequartoe of events fad to this cracking. (See Fig. 3-4)

o The fronistack is placed and the mine backfill setitas rapidly. (A)

O Pozzolanic action iakes pléce wiihin the settled ash and the ash's cohesion Incregses
- substantially. '

O The new fronts:aék is placed,

.0 The mine backfill beneath the new frontstack settles. (C)
O The previous frontstack face settles under new frontstack welight. @)
G Tensite stresses develop. o

'm Tenslon cracks ocour.

With an inorease In helght of the ash dump this problem is [ikely to Increase In the future.
A full understanding of this process will enabile the prediction of the size and Impact of
this problem in the future. '

3.21.2  Parameters to be Monitored
Five basic parameters are belng monitored:

o Vertical deformation of the mine backfil.

o Differential vertical deformation of the mine backfill upder the front face of the ash
dump

@ Vertical deformation of the ash dump.
o The re-establishment of the water fable.
O The time these deformations take to manifest themselves.

* Other infonnaﬁon requl;éd for the creation of a subsldence model Is:



@ Mine pit fioor levels.

o Dragline heap and sand backfill geometry.

3213 Prediction of the Magnitudes of Settiement’ _
“The investigation by Jones and Wagener ' was used as the basis for desl;.. otk at this
stage. A 1 m: geitlement in two months under 11 m overburder was recorded in thalr
study.

Allowance was made for 4n average collapse settlement on saturation of 5 % of the
backfill thickness; this |s aditional to normal settloment, the magnitude of which was
calculated assuming an average efastic modulus of 6 MPa.

Maximum seﬂ'lement e)épected was approximately 6.55 m.

Maximurn total differential settlement expected in the area of monftoring between mine
backfill with no overburden and mine backfll with 31 m of ash overburden Is
approximately 5 m. The tolal settlerment is expected to take several years to matesialise.

The settlement expected in the ash layers is difficult to calculate due to the cnmpéct]on
action of the ash faiilng through an average height of 20 m. Based on experience on ash
dumps bulit or. solid ground it is fkely that the settiement will be much less than that of
the mine backfil,

3.2.2 Instrument Sélection, Location, Purpose and Installation
Instrument selection and Iocation are very sensftive and problematic due to the scale of .
the bperaﬁon. the method of construction of the ash dump and the magnitudes of
settlement expebted. Avery mgg'ad,' simple and reliable method of settiement moniofing
was therefore required.

3221 Instrument Location
The locations of the proposed instrumentatlon are flustrated on Figure 3.3..

3222 Survey Technigues _

Forly benchmarks (setliement monitoring pidints) will eventualiy be placed on top of the
ash dump to monitor the movement of the ash surface. Twenty-six of these be_nchmarks
will be covered by the beckstack, six will be extended to protrude above the backstack
hefore the backstack covers this area. These will include the 3 benchmarks above the
settiement celis. This wil enable measuring the settlement within the backstack as well.
The other benchmarks will be replaced on the surface of the backstack with new
benchmarks. The line of benchmarks (Fig, 3-3) parallel to the conveyor will be chosen to
include all possible combinations of mine backfill layers. The line may be repeated at
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'.sénsible intervals, depending on the speed of advance of the ash face and the
composition of the mine backf layers,

For Detall Section See Fig. 3-4

| Legend TR

Data Collector oe | \wmee

Settlemnent Gell sC
Tubes and Cables |~
Plezdmeter ) p
Benchmark - B

|t Reference Benchmark | RB

Figure 3-3: Schematic Layoul Instyum wiation Position

The normal benchmarks wilt be monitored monthly. A . - . ‘uveyor will monitor the
reference benchraarks, which are existing, at 3 month Intevals; this will serve asa
regular calibration of the system. '

The reference point at the data collector and the top of the existing plezomaters will be
surveyed from the reference benchmark on a monthly basls.



3.223  Vibrating Wire Settlement Cells

A vibrating wire settlament system (Geokon Madel 4650) was installed to measure the -
sattlement of the mine backfill surface beneath the ash layer once the ash dump covers
the mine backlll. The Initlal consolldation settlement takes place véry quickly 'and this
system made it possible to measure the settloment beneath the ash while the surface
area is not available due to the ashlﬂg operation,

It will be possible to calcutate the settlemant in the ash layer after final leveling by using &
benchmark placed directly over the c2ll on the frontstack surface. If the rélaﬁvely small
settlement of the ash layer can be accurately predicted, only survey techniques on the
eNisting surface will be required in the future to calculate the farger differential settiements
of the much less unifor backfill material.

Figure 3-4 shows a schematic diagram of a vibrating wire settiement system as well as
cross section As. of Figure 3-3. ' '

Three frenches were dug to insure that the cells are under positive pressure from the
readout terminal, The cells ware placed at approximately one meter under the level of the
mine backfill strface, As the fotal mine backfill settles this will have no infiuence on the |
data but will Insure instrument operation and accuracy over a fonger period.

. The cells wera connected with fiexible tubes and electrical cable to a readout terminal
north of the ash dump. This terminal includes an automatic data collector or logger, which
take readings every 15 minutss,

" The three settlement cells wera placed nextto 2 x 2x 0.5 m concrete blocks in front of
the advancing ash face, Three celis are used to get some idea of the pracision of the

_ measurements. The piacement of the cells also throws fight on the tension cracks
experlancéd on the fontstack, With this placement of cells the differential movement
under the front face of the frontstack can be measured, as the ash is stacked, The inftial
concept of piacing the cell within the concrete hlock was discarded as possible differential
settioment between the blacks and the surrounding area might have sheared the cables
and 'tubes.

The concrete blouks placed next to the cells actas a backup system If the vibratmg wire
- system fails. It will then be possible to drili down to these blocks and grout a rod into the
‘slab. The rod can then be used for further measurements.
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Readout Terminal

T L,

~ Sansor
Settlernant Plate Fluid-filled Tube & Readout Cable

Cat: ele Mine Bacidl
Bloek

High Tensle Zone bue Ta Settiement

|

. Mine Bavidill
Leval

Settlament Céih

Rackfil Setlement Due To Frontstack

For deseription of movements A,B &C see point 3.2.1.1
Figtire 3-4: Schematie Cross Section Ash Dymp Devalopment And listrumentaiion Posifion

3224 FPiezometers

A piezometer has been installed to measure the ground water {evel, This information Is
required to predict the percentage of collapse seitiement that has alieady ooourred, Due
to the permeabitity of the alne backflll the watsr level in the plezomeer, will correspond
with the local ground water |evel.

One piszometer was installed in a borehole drilled for that purpose next to the middle call.
The plezometer is also of the vibrating wire type and the data logger records the water
levels. Instaflation conslsted of the following steps:

o Measure berehole depth.
a Place plezomatar In hole,
¢ Add ash to above plezometer tip to act as filter.

o Fill borehole to surface with material fror drilllng.



a Lﬂy cabla along trench of middle settlement cell to readout terminal,

3 2 3 . Borehole Data

Rotary percussion dnifiing was used for the boratiole. The bureho!e was fiushed with alr
and various problems wera encountered with substantial volds i the fitt. Placing steel
sleoves into the borehole reduced the problem of loss of air pressure inta voids. The
slseves wers exiracted with the instalfation of the instrumentation.

The borehele produced no sampiés far the first 7 metres due to Joss of air pressure In the
sandy layer, After this & faitly homogensous shale and sand material was encountered

* with slgns of water at approximately 40 m. Due to confinuous coliapsing of the holc the
piezometer was instatied at 3 depth of 38.9 m.

324 Instrument Calibration

3241 ' Calipration Procedures

All measurements in the borehole were done using a taps measure welghted at the
bottorn. '

- A professiosial land surveyor did a base survey of all benchmarks for Roshcon. .

3.24.2 Initial Readings

Base Survey

A base survey was camed out on 27 Junig 1998, Al the cell and plezometer dapths were
translated to levels using the installation information. This information will be regarded as
the basa Informatlon from where the mon#oring program will depart.

3.3 OBSERVATIONS

3.3.1 Recorded Data
The settlement celis provided excelient data regarding the speed at which consofidation

setllemeni a2curs and have confirned the predicted ash movement.

The surface benchmarks must still be installed dua to geamatric and operational
limitations, These benshmarks will in the “uture provide Information on differential
sattiement within the backiil,

Thae data shown in Figure 3-5 5hows monitored setilement up to November 1897,

1 During the loading with the first frontstack consolidation setdenient of 800 mm was
recorded for SC2, SC1, where the fill has been previously influenced by the ash. -
dumnp, settled 850 mmi and SC3 on the toe settied 150 mm.
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Date
16-May-96 23-Aug-86 01-Dec-08 11-Mar-87 16-Jun-87 27-8ep-87 OS~jan-98
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1000 -
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1400
1600

. Monltom& Sattlement [m)

-r“""":m“—

SC{ ~=—5C2 =weSC3 . w Actual SC1 4 Actual SC2 & Actual SC3 |

Figura 3-3: Monitored Settlement Vibrating Wire Cells

Fairly conslstent creep ocourred adding a further 80 mm of settiement before the
consolidation settisment with the second frontstack oscurred, '

The continuous lines on the graph are madelad settlement as problems with the data
logger [ead fo the loss of some data,

SC3 recorded more than a meter of settlement when loaded with the second
frontstack. '

Under subsequent frontstack loads SC3 has settled a total of 1400mm.
Limited fluctustions in the water table were recorded.

The small fiuctuations in the data initiah, not visible on this graph are thought to be
temperature linked. These fluctuations reduced after the ash was placed.
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4 INTERPRETATION OF SETTLEMENT
DATA - R
4.1 CONSOLIDATION SETTLEMENT |

4.1.1 Monitored Settlement

4.1.1.1 Matla Extensometers :

The consolidation settlement of the various layers of i'nlne backfill, as defined by the
different benchmarks, with depth and increase in stréss, due to increase [n wall height, is'
illustrated in Figure 4-1. For axampie layer L1 Is the 'Iayer of mine backfill defined by
benchmarks E1/, E2/1 and E3/1 at Tm beneath the surface ievel and E1/2, EM'2 and
E3H at an approximate depth of 5.1 m.

" Included in these resulls |s the creep settlement that has occurred during the time
between surveys. Due to the Intervals and [cading that took place between surveys It is
not possible to calculate the creep setilements betwsen loadings.

Only the average data of the two benchmarks with the best correlation, as iilustrated in
Flgures 2-5 to 2-8 were used in Figure 4-1 to 4-3,

Monitored %17} | NP L ol 70
Settlement {m}) 0.05+7 : : Stress

o Imposedby
Ash Wall (kPa)

Figura 4-1; Seilement Gf Various Loyers With Increasing Stress
The strain versus stress of the different layers of mine backfill as deflned by the different
benchmarks is illustrated in Figure 4-2.

An Increase in stiffness with depth and increase in stress can be seen from thesa
Figures. Initially at low stress this was not as apparent, This is possibly due te influence
factors not being correct for low stress conditiens duae to slope of the site, For Figure 4-3
an apparent alastic modulus was calculated using the using the simple relationship.
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E = Su/be
Where:
acdwas the applied overburden stress for an ash density of 1 300 kg/m3
an . . .
de=bzfz :
Where:
8z = total setttement up that siage
z = thitkness of layer

Stress Imposed by Ash Wall {kPa)
6 10 20 3/ 4 0 & W 8 @ 10

‘0015
002

Strakn

0085

—u—12 13—

Figura 4-2; Stravin versns Stress Relationsidp of Varions Layey's
Figure 4-3 therefore models the stifiness with depth and increase in stress, The increase
in stiffness with depth is probably due to various reasons: '

O The placing of the backfill with a dragiine lead to dynamic compaction of the fower
layers,

: e Apparent
70 A ' ~ Elastic
Stress ' ' 5 Modulus (MPa)
imposed by '

Ash Wall (kPa)

Figutre 4-3: Apparent Elastic Modslus of Various Layers with Increasing Sivess
©1  The overburden weight of the upper layers compacted the Jower layers.
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o The washing out of fines in the upper Iayers due to the continuous pei'cblation of
wate'r through the ashing operation reduced the stifiness of the surface layer. As
illustrated in Figure 4-2 the surface layer L1 was initially stiffer than the second layer
L2, possibly due fo compaction by moblle plant during the shaping of the mine
backfiil. Both Day® and Burford® recorded similar results. The layer reduced in
stiffnoss due to the washing out of fines and only during the later stages of the test
became stiffer again.

o As layer L4 was saturated during the monttoring period, it appears as if the saturation
did not have an influence of the stiffness of the jayer.

41.1.2 Heterogeneous Nature Of Backfill

The heterogeneous nature of the mine backiill has a significant influence on the acouracy
of pradisting mine backfil settlement. If one studies Figura 2-8 one can see that there is a
slgnificant spread in the recorded information. {F one works in the range from 30 to 70 kPa
where the most reliable data falls, the minimum recorded values vary on aVerage by 56 %
from the average recorded value. The maxhnum recorded values vary on average by

48 % of the average recorded value. These values are respactively 1.95 and 1.66
standard deviations from the averags.

The area that this data was recorded in is approximately 33 600 m?in extant, and
therefore & refative small area with similar placed material,

41138 - Matla Sottfement Rods
Average apparent elastic modufl of all the seftlerent rods as well as the surface

~ extensometers are Hustrated on Figure 4-4. An Initlal decrease, followed by an increase
In stiffness with increasing stress Is again apparent in this Figure. ' :
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Figure 4-1: Apparont Blastic Modalus with Increasing Stress
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The initial reduction in stiffness is dus to the fimited infuence of the ash at iow loads due
to the slope of the test area. {4s the area was inftlally ..ot fiat the ash started to load the
rods from the southem end, The area was therefore not sompletely covered with ash and
fhe influence factors used for the graph for low loads were therefore incorrect) '

This, combined with the washing out of fines from the surface layer reducing the stifiness
of the tayer creates the incomect impression that there is a large reduction in stifiness
over the total depth at low loads, '

. 4.1.14 Lethabo \ibrating Wire Settlement Cells

As stated previously excellent data regarding the rate of consolidation and creep
seillement ware recorded at Lethabo. SC1 and 2 setiied 650 and 800 mm under
approximately 260 kPa and 210 kPa respectively. The lower settlement of SC1 ﬁnder
higher load is dua the fill in this area being previously loaded. The settioment at SC3 of
150 mrn shouid be simllarto this previous settiement, Both SC1 and SC2 settied in
excess of 600 mm in ter days,

From the 22 December 1968 to the 10 January 1997 SC3 settied a metre under the
second loading of the frontstack {an increase in load of 200 kPa, approximately). The
loading could not be caloculated precisely as the nature of tha operation make access to
the top surface impossible during placement of the ash. The order of the load Is however
sorreet as the final leve! of the ash dump is known and the overstack of ash was
_sstimated.

Luad Imposed by Ash Dump {kPa)
0 0 1 10 20 20 200

0005 ' o B et
pgon NERCHETAD I I
TR L— e N

002
0025 1~ T - B : :
008 frrmes M St et :

Sirain

Figure -4-3; Sirain Versus Stress Relationship Lothako
Figure 4-5 lustrates the straln versus stress behavior of the three poiﬁts calcujated from
the Lethabo data. The total backsiil depth in this area Is approximately 35 m. Total load
estimated on the cells after the placement of the third frontstaok is 280 kPa. Using these
figures and & iatai setflernent of 1.4 m an elastic modulus value of 8.5 MPa was
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calculated for maximum settlernent, This value agrees with the 6 MPa proposed by Jones
and Wagener®. :

41.2  Modeling of Consolidatior Settlement

~—10 kPa.
—&~20kPa
~—&—3kPa
A0kPa
—&—50kPa
——B0%Fa

| B 70%Pa
80%Pa
~r-g0kPa
25 | —Average

Apparent Bastic Moduius {(MPa)

. Average Depth Layer {m)

Figire 4-6: @pamrﬁEfa.ﬂfcMadulm .Incrwse. with Depth for Varions Loads

4121  Increase in Stiffiness with Depth
From the consolldation séhisment data it is obvicus that there Is an incregse of the

stiffness of the backill with depth and increase in load.

Figure 4.2, 4-3 and 4-6 [lustrate the tncrease In stiffness with &zpih, Apparent elastic
modull at specific strain were calculated from the extensomster data to croate these
graphs with the simple relatlionship discussed under Matta Extensometers page 51.

Up to 10 m the materfal is very constant in stifiness. However the infivence of the wet
ashing on the surface Is difficult to quantify. The layers benesth this 10 m tayer increase
In stiffness with depth approximately linearly with layer L3, 2,6 times stiffer and L4, 4.2
times stiffer. Hills and Denby observed no apparent relationship between strain and depth
whereds; Jones and Wagener™, Osboume and Mizon'®, Burford and Charles™ as well as
Burford® recorded an increase In stiffness with depth under consolidation and céliapse
settlement,

4.1.2.2 increase It Stiffness with Load

Duncan and Chang®' state that it is commanly found that soil behavior over a wide range
of stresses Is non-finear, inelastic and dependant upon the magnitude of the confining
pressures. They show (based on experimental studles by Janbu ®) thet the variation In
modulus value_l may be represented by

E=K.P..(c/P)"
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Where
E = Elastic Modulus Value, -
oz T[‘l‘a'rﬁinbr principal stress or @nﬂnfn'g pressure.
K = Comesponding modulus vaiue, -
n = Exponent determining the rate of variation of E. .
Pa =Aimosphéric pressure expressed in the same unils asE and oy

Applied to the settlement one-dirnensionally, this relationship gives a very good
correlation with the recorded data as observed, Figure 4-7 liustrates all surface data
'puints as well as a modeled hyperboia (solid red line). The average of the recorded data
are the red points. At high and low loads the correlation.is not as good due to inaccurate
influence factors at low loads and lack of data at high loads. '
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: Figure 4-7: Model Stiffnress with ncrease Strazs
As the strain versus stress graphs are not that far from a linear relationship, the ieast
'squares method was used to calculate from the available data an expected setttement for
the maxitnum ash (oad (40 m of ash overburden or 510 kPa). A maxdmum settlement of
. 2.4 m was calculated, giving an Elastic Modufus (E) of 5.27 MPa. This graph also
appears in Figure 4.7 (blue ling).
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4123  Heterogeneous Nature Of Backfill .
Tao predict consolidiation settlement to within 10 %, as Hills and Benby™ claim possible for
: cul!apse and creep settlamant, Is not possible from the data recorded at Matla. The
: _pmbabilit_y, using & normal distribution and all the surface polnt data, of two pbints settling
within 10 % of the average Is only about 27 %.

"To predict the possible range of settiement for any specific load accurate to 70 % of the
tims, the vadaﬂon in expected settlement acoording to the datais + a0 %. On Figure 4-7
a range for 70 % accuracy has been added (red dotied lines).

Visually from the data i appears If there is a reduction in variation with Increasing foad.
Because there are less data points at higher stresses this can, howaver, not be
* substartiated. '

41.3 = Comparlison of Recorded Consolidation Settlement

- All recorded data for mine backilll consolidation settlement under a surcharge is

_ Ttustrated in Flgure 4-8. Cajculated settlement values using the hyperhollc approach with
the same K and n values and only varying backfill depth, models the recorded data on
Figure 4-8,

The recorded data from Matla was simpilfied for this graph by ellminating the highest and
 lowest values in the average setflement celculation. There is therefore a better apparent
fit than for Flgure 4-7.

The Burford® and Charles® recorded data should be compared o Matia calculated values
as the backfill are similar in depth. As the method of placement s not described one .
canmot comment on the low corretation. The Charles™ value however falls within 30 % of -
“the Matla calculated graph.

The elastfc parameters proposed by Luker and Wates'' corvelate well with the Matla data.
There is however & significant difference between predicted values at higher stresses.

. Good comelation with the data recorded &t Lethabo by the author and Jones and
Wagener“’ is obtained with bath the linear modsl of § MPa proposed by Jones and
Wagener and the graph based on Matfa data {Lethabo catculated). Prediction fo within

~ 100 mm was made. At higher stresses the difference will however Increase in magnitude.

This Informatiorn will become available when the backstack loads the cells at Lethabo,

4.2 COLLAPSE SETTLEMENT

4.2.1 Matia Test Wall
Due to limited changes in water table no information regarding collapse settloment was

gathered at the test wall, Due to the proximity of the final out the water level was
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- governed by that in the final cut, which in turn is controlled o a reasonable constant level
by a pump system. '
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. Figure 4-8: Comparison of Consolidation Seltlement Dala

422  Matla Extensometer MB1
Extensometer MB1 from the Vvates and Wagner instrumentation .rovided some data on

collapse settlament, Figure 4-9 illusteates the collapse percentage of the various layers as

‘well as a percentage for the total depth saturated. The fitl was saturated at the start of the
test to a level of 1 549 m.a.m.5.l. The salid red graph marked MB1/1 =1/2b illustrates the
collapse percentage in that layer assumilng that the settlemert valy occurred above the
old water table, which ls most likely, whereas the broken red ling assumes that collapse
settlemant occurred over the total depth of the layer.

From this graph it appears that the collapse percentage Increases with depth which is
po:ssibly due to higher ivading conditions. The appérent increase in stiffness appears to
‘have no significant influence in reducing the collapse potential, which does not agree with
results from Day’. The confidence in Day’s results are however not high as the extent of
saturation Is unknown. :

A total collapse of 3.8 % was recorded over the full depth,
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Hills and Denby™ also found no correlation ketween coflapse and depth of backfil,
Charles st al*® four | no Influsnce on collapse setflement of the age of the material,
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Fignre 4-9; Coflapse Settlenvent with Saturation

4.2.3 Comparison of Recorded Collapse Settlement
The slgnificance of the total collapse recorded s that if correlates with the 4 % measured

by Day“‘ at Lethabo in a layerSm {d 10 m deep which was likely to have been saturated.

Charles™ recorded 2 % collapse settiement at Horsley and Hills and Denby? prediction
range for uncompacted backfill is 0.75 % to 4 %, averaging 2.5 %.

Smyth-Oshoume and Mizon™® recorded values between 2.4 % and 4.7 %.

From the data it appears that collapse settlemant |s & rapld process finked to the speecl of
rise of the water table. The collapse seltlemsnt continued at a steep mate in layer MB1/2 -
1/3 even after a period during which the water table stayed approximately constant from
June 94 to October 85, '

4.3 CREEP SETTLEMENT

431  Matla Extensomsters
The survey of March 1997 mentloned In paragraph, 2.3.1.2 Settlerent Rods provided '
interesting information regarding creep within the backfi; over a period of 14 months.

A trend lins in Figure 4-10 indicates a reduction In settiement due fo creep for areas
under higher stress. Not enough data is available at lower loadings to give suppori to the
trend line. “he trend might actuaily hz due to the method of construction of the daywall.
As the daywall is loaded In Jayers, areas under higher stress have been loaded longer
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and would have become stiffer. As ureep reduces with time under constant loading the
higher stressed, stlffer backfill creeps less. Tha reduction of void ratio at higher loads
might also reduce the creep. '
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Figtre 4-11; Recoyded Creep Settlement 1With Dapth
From Figure 4-11 i appears as if there is a reduction of creep settiement with depth.

An average creep rats parameter (o) of 0.25 was calculated uslng the expression on
page 8, and assuming zero time as proposed by Sowers et al®®, Hills and Denby* fook
their time zero as the time at which the half of the tota! haight of the wall was completed.
Ons must kesp in mind thet this « is not for uncompacted backill as this backfll had been
surcharged on the average with approximately 73 kPa. The spread of the values is
however from approximately O to 0.4, (See Flgure 4.12)

These values are [n the lower range of values recorded by Hills and Denby?” comparing
to values of hackfill placed with scrapers and compacted with vibrating rollers in 300 mm
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layers, Their values are however for creep under the self woight of the backfiil and not '
after placement of a surcharge.

A creep rate parameter cannot be caicuiated for the 30 mm creep recorded bafore
saturation at Extensometer MBA as the settfement for t1 Is not known.

4.3.1.1 Lethabo Vibrating Wira Settiement Cejls
Muct lower creep settlement rate parameters were recorded for Lethabo than for Matla. _

Calculated values varied from 0.05 for $C1and 0.07 for SC3 to 0.09 fur scz2.
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Frgura 4-12: Craep Seitlement Pammer& versus Stress
Data recorded at Lethabo Is also shown in Figure 4-12. The values are the two points
undar high stressés of 210 kPa and 260 kPa and a value at "0 kPa. A¢cording to Charles
et ai'® pre loading reduces creep seitfiement and Figure 4-12 may support this if one '
considers that the Lethabo data falls very near to the average pradicted graphs.
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5 CONCLUSION
5.1 SETTLEMENT PREDICTION
51.1  Consolidation Settlement -
) For the two spetific cases considered congolidation settlemnent, for open cast mine
backfill under surcharge can be estimated linsarly or h;rperbolically with acceptable

results for stresses up to 280 kPa. Consolidation settlement is a rapid process and occurs
for all practical purposes as the stress increeses,

Young's Moduiis vanes between 5 and 8.5 MPa for the linear estimation,

To model the apparent increase In stiffness with increasa Inimposed stress due io
surcharging the following relationship is proposed:

- B=KP.(o/P)"
“Where
o = Change In stress due to surcﬁarge.
K=10.066
n=025

The"heteroga_neous nature of the backfill materiai requires a 30 % variation [n predicted
sattlement for the Matla site to obtain a prediction with a 70 % accuracy,

£1.2  Collapse Seﬁlement
The Matla test recorded average collapse settlements 0f3.8%. 4% ‘collapse upon
saturation would be an adequate figure for design purposes. The lrr_ﬂuence of_ the
heterogeneous nature of the material on collapse setement could not be measured

during the tests.

51.3  Creep Setilement :

Creep rate parameters for surcharged backfill of as low as 0.05 were recorded. For
design purposes a creep rate parameter of 0.25 is proposed for low (100 kPa) loads,
There appears to be an invérse relationship between créep rate parameter and stress
imposed by surcharge, Creep obviously continues for a long time period,

514  Total Settlement Prediction
A combination of the three mechanisms and values discussed above should be adequate

for typical building development to be expected on mine backfikt,



The reduction of coliapse settiement due to surcharge requires further Investigation as-
well as the effect of previous collapse setiternent on'subsequent consolidation settlement
under surcharge. Coniim.zad monitoring of the two sites will help to. answer these
questions.

- 5,2 INFLUENCE OF SETTLEMENT ON ASH DAM
AND DUMP CONSTRUCTION AND BACKFILL
DEVELOPMENT _

'Both Matia’s wat ash dam and Lethabo’s dry ash dump can be constructed on mine
-backflll with limited problems. The reason for this is the resilient nature of ash. Both ashes
have cementing properties teading to very high strengths,

521 Maﬂa Ash Dam
The Matla ash seems to heal ltself from cracks forming due to differantial movement, No

significant cracks were recorded,

. As the data Indlcates a possible reduction in diffrentlal movement, an increase fn
stiffness of the backfill and a reduction In creep settlement with higher stresses, the
probability of stabillty problems due to backfill settlernent should reduce with increasing
ash dam height. i

522  Lethabo Ash Dump
Cracking dus to differential movement as the ash is placed will continue o create
probfems with dralnage and may lead to stability problems if there ate changes in ash

_ prope'r_ties. Continued monitoring of cracks and seallng will ba required. Due to the fact
that the water table will only re-establish itself after mining operations stop, development
of the area should be delayed untll after saturation of the backiill, After saturation has
o'onurred. development of the.ash dump area shauld, however, be no problem due to the
high surcharge. .

523  General Development
Importanit points to conslder when davelopment of open cast mine backiiii Is planned are:

O Present water table level and possible fisture flucturtion in the water tabla,
@ Small scale tests on the surface may be misleading.

@ The stz of the footprint and therefore the depth of the influence of a surcharge or
foundation is very Importani as the typlcal backfill operation results in a loose layer at
5 to 10 m desp from the surface with large settiement potential,

0 Creep settlement continues over a long pariod.'
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Surcharging [s & very good method for ground improvement. If areas of Jevelopment
are identified before mining, an attsmpt shuuld be made to sun:harge these areas as
_part of pormal mining operetions. '

Large differential movements wil occur even in materials olaced in a simitar manner.
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7 APPENDIX B
7.1 DETAILED DRILLING LOGS

744 E1
Oto12m Shale, faitly homogenoous not teo many dritling problems.

121013 m Void, loss of air pressure.
t3tofim - Sandsione. _
16t024m Shale, faiﬂjr homogeneous not too many &rilling f)mﬁléms.
1om Watértable.' -
24028 m Conslstent shale material. Bedrack.
_ 742  E2 _ _
-0to6m Sandstone and shale mixture.

Ttoi4m Falry homogenous sandstone with limited volds. This is poasibly due to
sandstone boulders n tha area that may lead to failure of the borghole
with any fateral movement, '

141025m Shale, fairly homogeneous, drilling problems due to air losses. .

“19m Water table.
7.1.3 E3 :
ti03m Shale maleda!, alr logses through surface,
3to7m Shale materiai, af loss problems,
_'!to 8m _ Sandslona' |
gto22m Shale maleﬁa!, alr loss problems.
12m Water fable. |

22t023m  Sandstone.
23to25m Shals, hola confinues collapsing to 24.5 m.

714 TP
Borshole TP was the most interesting borehole from an ash infiltration point of view. The

horetiole was drilled In line with the dragline spoil heaps approximately 20 m from an area



that substantial ash infitration into the mine backiill tock place, during May 1893, This -
borehole created the least problems, probably due to the infiltration of the ash and the

" filling of the voids,
0to5m ‘Shale mataris),
Sa6m Shale materiel with low ash porcentage.
- 8to 7m . 70 % Ash and shale,
7to10m. Ash.
10to11'm Shale and low parcentége ash.
11t613m  Shale matedal. |
13to14m  Shale material and ash 50/50 mbdure.
14t017m Clay materia). Use scraper to remove.
17to24m  Shale material,
18 m Water table.
745 ITP |
Tto2m Sandstone and shale.
2t024m . Shale material fimited sir osses.
19m Watar table.



'8 APPENDIX C

8.1 INSTALLATION DEPTHS

m Beneath Ground Level

| Code Description
ITPF | Inside toe piezometer )
Borehole 24,0
Piezomefer filter 220
_ Water iabie (8/4/94) 19.8
TP | Toe piezometer
B | Borehole 24.0
Plezometer filter 19.0
Water table (9/4/94) 17.8
“E1 Extensometer 1 o
Borehole 280
EP1 Plezometer fiiter 220
' Water table {14/4/94) 15.5
Anchor depths
E1l |1 1.0
Eifz |2 52
Ei/3 |8 10.5
{1 Ei4 |4 16.5
E1/5 |5 250
E2 | Extensometer2
Borehola 25.0
EP2 Piezometer filter 18.0
Water table (15/4/94) 15.6
' Ancher depths
E211 |1 1.0
E2/2 (2 5.0
E2/3 (3 10.0
Ezid |4 16.0
E2/5 | 5 24.0
E3 | Exdensometer 3
Borehols 25.5
. EP3 Plezometer fiiter 18.0
Water table (22/4/94) - 15.8
Anchor depths .
E3f 1 1.0
E¥2 12 5.0
B33 |3 10.0
E3/4 | 4 15.5
E35 |5 23.0

.




9 APPENDIX D
9.1 BASE SURVEY

Code Description Level Benchmark | Goncrete Level | Audit Survey
or Water + 1 §00.000 m . | Ground Level
+ 1 860.600 m . 28/7/94
- 5 + 1 560.000 m
IT1A ) Setfiement Roa ) 87.632 - 8580 G65.85
AT18 | Settlement Rod 66.376 684.74 64.71 -
IT2A_ | Settlement Rod 88.106 ' 86.34 __66.32
IT2B | Settiement Rod €6.613 64.86 64,83
IT3A | Settlement Rod ' 88,321 66.52 806.49
iT3B | Settlement Rod_ 88.711 64,85 64.81
ITP__| Piezometer 489 . NA
DL1 Setflement Rod 67.680 65.85 65.75
DL2 Settlement Rod . 87.382 £5.51 6546
DL3 Settiement Rod : 86.584 64.89 64.69
DL4 | Setfiement Rod 66.871 65.03 - 64.79
D5 Setflement Rod §7.272 65.41 65.27
DL Settlement Rod 67.381 65.57 . 8548
DLY Settlement Rod 67.788 65.97 65.94
DL Settlement Rod 68.523 66.69 668.67
LS | Settlament Rod 70,582 68.79 _88.77
DL10 | Setifement Rod 71.817 70.17 70,14
DL11 | Settlement Rod 73.248 7148 71.43
- Di12 | Ssiflement Rod : 73.213 7145 711.42
DL13 | Setlement Rod 75.448 73.7% 73.67
DC1 | Settlement Rod 66.877 65.05 64.94
DC2 | Settlement Red 66.678 64.79 64.56
DC3 | Setilerment Rod 67.063 65.19 65.02 _
DC4 | Settlement Rod 67179 65.34 6518
T1A Settlement Reod - 70.703 88.97 _68.86
T1B__| Surface Benchmark 70.746 70.11 70.11
T2A | SettlementRod 68.083 66.31 66.30
T2B | Surface Benchmark ___B7.885 - 87.30 57.29
T3A | Settlement Red 65.376 63.54 53.51
T3B | Surface Banchmark 64.791 63.16 64.16
TP Plezometer NA
To top of casing 66.832
Water level 49.1
EP1_ | Plezometer - 48.8 NA,
E1/1 | Extensometer 67.614 84.30 64.19
E1/2 | Extensomster 1 57815 83,10 _ 60.01
E1/3 | Extensometer 87.616. 54.80 : 54.75
E1/4 | Extensometer 67.613 48.80 43.78
E1/5 | Extensometer 67.618 40.30 40.27
EP2 | Piezometer 494 NA _ '
E2/1 | Extensometer 67.614 64,30 64.26
E2/2 | Extensomster 67.629 60.30 60.28
E2/3 | Extansometer §7.637 55,30 55.27
E2/4 | Extensometer ' §7.629 48,30 49.27
Ez2/5 - | Exiensometer 67.627 41.30 41.28
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Description

Level_ﬁenchmark

Code snerete Level | Audit Survey
or Water | 1800000 m | Ground Level |
+ 1 500.000 m - S 28/7194 |
: ’ : + 1 500.000 m
"EP3 | Plezomster 50,2 NA .
E3/1 | Extensometer - 68,176 85,10 65.07

|__E3/2 | Extensomater 68,197 81.10 61.08
E3/3 | Extensomster 68.196 56.10 56,07
E3/4 | Extensometer 68.192 50,60 50.58
E3f5 | Extensometer _68.193 4310 43.08
R Reference 72.623 71.83 71.83
Benchmark . :
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