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s ABSTRACT

»

This thesis analyzes'the settiement behavior of
instrumented minespoil at the Highvale and Whitewodd Mines
near Edmonton, Alberta. Patterns of settlement were
observed For diffenenf spbif_materials and factors
influencing settlemént were dgtérmined. A method to
predict long-term settlement of mine spoil, called the
Predictive Settlement Method, was developed;.The method is
based'on the settlement behavior of -kriown spoil |
stratigraphy and its interaction with various cdnditions
inf]uénciné settiement sqch as the development of a.
~partially indurated crust, heaQy*infi]tration and
groundwater;table effects. Several examples using tHé
me thod to‘prédict long-term settlement are explained. The
specifics of the -method are applied to spoil-at the
ﬁighvale Mine to predict ]ong-ferm settlemenﬁ under
specified conditions. The mefhéd is also applied to the
Diplomat Mine, located near Forestburg, Alberta, and the

Horsley Mine in Nor thumberland, United Kingdom.

jv
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1. INTRODUCTION

1.1 Background

A large area of Alberta (approximately 240,000 km?)
is underlain by coal deposits which can be exploited by
surface mining. Theée coal resources are expected to
provide thermal power generation in Alberta for at least
another 50 years. In addition to coal, large guantities of
oil sand and sedimentary iron-ore resources are located
throughout Western Canada at depths suitable for recovery
by surface miningAtechniques. - ﬂgj "‘\/‘

o E .

Surface mining techniques allow for the mini%g of
multiple seams of coal which is not possible with
undérground mining. A major drawback with sqrface mining,
however, is that the land surface becomes totally
disrupted. After the resource is removed and mihing
opérations ére completed, the land needs to be reclaimed,
f@r both environmental and economic reasons.

The analysis for this thesis wés based on research
carried out at the two TransAlta Utilities Corporafion
coal mines near Wabamun, Alberta, the Highvale and
Whitewood Mines,.located about 80 km west of Edhonton,
Aibéfta. The Highvale and Whitewooa Mines are in a prime
recreational region with residential and light industrial

development a future possibility. In similar areas

throughout Alberta and Canada, the need to reclaim mine



spoil for developmeht‘will grow, as the demand for land
grows in the future.

" Before residential de?elopment Régins, é thorough
understanding of the prqperties and b%havior of the
reclaimed spoil should be obtained. Mﬁne spoil is fully
disturbed and has ﬁnique settlement characteristics.
Factors such as the_fise of the groundwafer table and
infiltration can greatly influence settlement.

There is limited experience relatedjto the
engineering analysis of open pit reclaimed mine spoil.

This thesis should have implications for any mine

reclamation where settlement is a concern.

1.2 Objective

" The 6bjective of this thesis is to derive a
simplified method of predicting the long—tefm settlement
of reclaimed mine spoil. Factors that are known to
influence the settlement of reclaimed mine spdil will be
identified and related to the method, termed tﬁe Predictive
Settlement Method. The predictions made in this fhesis are
applicable only to the Highvale and Whitewood Mines. It is

possible7to apply the specifics of the method to other

minesites with spoil material simila: "nat at the
Highvale and Whitewood Mines, that s, ly indurated
rocks that when excavated, lose thei. . _ike

characteristics and behave essentially .. ~il. However



for best results, it is suggested that the general format
-of the method be used at other minesites. The general
format can Be apblied wherever sufficient settlement data
aré available, the ;poil profiie can be detérmihed, and

where movement of the groundwater table can be predicted’

and monitored,

1.3 Reseéfch Program

The development of this thesis involved the reworking
of daté from research contfatté between the University of
Alberta Geotechnical Group and TransAlta .Utilities
Corporatioﬁ. These data, from field and laboratory
testing, were analyzed to determine the factors which
influence settlemént of reclaiméd«mine spoil, and to
formulaté a method to predict long-term settlement.
Numerous si£e”visit§ were performed to monitor the
settlement of spoil ana gather groundwater'table data at

the Highvale and Whitewood Mines.

1.4 Scope of‘this Thesis
Chapter 2 is a literature review of the settlement of
, A .
partially saturated fills. .
| Chépter 3 contains a description of the data source:
-what the field instrumentation involved and what testing

was performed. This chapter also includes a brief

introduction to the Predictive Settlement Method.



Field déta and a discussion of factors affecting)
settlement of mine spoil are found in Chapter 4; The
Predictive Settlement value Ps is explained, followed by a
discussion of Ps values from twelve sites at the Highvale
and Whitewood Mines. Ranges of Ps values applicable to
spoil at the Highvale Mine are then presented. The chapter
copcludés with a brief discussion of laboratory testing

data.’

/

Chapter 5 summarizes the significant factors that
contribute to mine spoil settlement, based on the field
and laboratory tests performed at the Highvale and
Whitewéod-Miﬁes. This chapter alsb includes a discussion
of the groundwater table and an estimation of the
long—term'groundwatér'table at the Highvale Mine. Some
examples of how the Predictive Settlement Method can be
applied are then expiained.

In Chapter 6, the results of this thesis are épplied
to two other minesites, the Diplomat Mine_near Fofestburg,
Alberta, and the Hofsley ging‘in Northumberland, United
Kingdom. }

Chaptef 7 briefly summarizes the thesis and pfesents-
the major conclusions and some recommendations for future
work.

Appendix A contains the design and installation
procedures used for the field instrumentation. The test

procedure for the large diameter consolidation experiments



is found in Appendix B, and the procedure -for the'slaking
-

tests is found invﬁﬁpendigﬂc.

/,



2. LITERATURE REVIEW

2.1 Settlement of Partially Saturated Fills

~When overburden is removed by dragline, a type of
peak and valley topography results. This spoil material is
composed of different particle sizes which are paSked
together, eithér statically by earthmoving equipment, or
dynamically as the spoil ié dropped from a height by a
dragline. ' )

Throughout the fill (or spoil), fhere‘exists a system

of capillaries related to the size of voids in the fill.
I1f these capillériés are fine enough, they will often be
fullyvsaturated, with a negative pore bressure, due to the
relief of stress occurring during previou5~excavation from
depth. A second system of much larger capillaries and
voids also exists in the fill, whiéh are often full of air
(Cox, 1979). Variations in the moisture content of the
fill during compaction and in the dry density achieved
will determine the structure of the compacted soil mass.
This in turn will affect the settlement that is likely to
océur:under any given set of circumstances, and the )
maximum shear strength that can be developed (Eboth,‘;:
1977). ’ | . ‘
Settlement of fill can be due to self—weight,'under

conditions of constant stress and moisture content,

(Charles et al., 1978), additional overburden loading



(Cox, 1979), or collapse of soii structure, often related
to inundation or saturation -(Charles et al., 1978;
NowatzkiQ 1980). These volume chang%s are .related to the
quantity of water presenﬁ and to the guantity of air
entrained in the fili. |

Initially when a volume of saturated clay, for
example, is(excavatéd, it-is broken up intb fragments
which entrain aif. As the external total préssgres
increase as the height of a spoil peak increasés,\the £i11
is caused to compressgresulting in a reduction in void |
size squeezing out air (or water, if the large voids have
v‘alréady become saturated). This process is likely due to
an adjustment of the.cohtact area bet&een soil particles,
which is\a function of their shear strength. | -

 Volume changes that occur in saturated Soils are time .
dependent and vary with the permeability of the fill,
drainage path, and pore presste gradients set~up. Spoil,
on the other hand, is most‘éften partially saturated, and‘
may remain that way temborarily (until inundated by a
rising groundwgter table, for éxample), or permanently,
‘and thus hés unigue time—éeﬁtlement properties. |

-Collapse settlement may be defined as the settlement
that occurs in a partly satufated.sdil‘solely because of -
an in¢rease in the degree of saturation (Bodth, 1977).
'With collapse-susceptible soils, void ratioAchaﬁge is not

due to the expulsion of pore water but to the intake ‘of

Y
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moisture by the soil and,thé subsequent breaking do@n of
the weak cementation bonds that exist between soil
pafticles; For this reason, resulting settlements are
generally not time dependent and can be considered
"immediate". However, unlike the "immediate" settlement
that takes place during construction on dry, collapse and
ndn-collapse—susceptible soils alike, the settlement of

concern here may occur long'after the completic of
: .

/peﬁggruction when the soil strata becomes excessively

wetted. Such "collapse settlements" are then ‘immediate™

/

with reference to the time such wetting takes place

o

(Nowatzki, 1980).

If a fill is dry and has a significant overburden
pressuré, soil particle;’will-be ﬁighly stressed at points
of contact and be relatively unstressed around larger air
voids. The addition of water, as by a rising gfoundwater

table, causes a softening at the points of contact and a

- rapid decrease in volume, or collapse, which squeezes out

air from the larger voids (Cox, 1979). This is a problem
in eérth dams when the fill is compacted £oo dry of
optimum (Penman, 1977). The collapse mechanism involves a
maﬁor rearfangement of the fill to a denser state of
pagging. ' | _ : /
r Barden et al., (1969), found that/the collapse

Lo ' .
mechanism was controlled by three factors. The first was a

potentially unstable .structure, such as the flocculent

z



type associated with soils compacted dry of optimum. The
second was a high applied stress which further increases
the instability, end‘the third was a high suction which
provides the structure with a temporary rigidity, and
‘where removal by wetting leads to collapse. o

Cox (1979) found that the internal soil properties .
which affected the amount of collapse in a fill were the
initial dry density and the initial moisture conteft. The
‘external factors which affected the amount of collapse
were the total applled overburden gtfess and the pore
pressure of the water supply Booth (1977) found that the
amount of collapse settlement does not necesserlby
increase with 1ncreas1ng,pressure. For any moisture
content there is a pre .re ebove which the emoﬁnt of

collapse reduces. This pressure is higher for soils with

lower moisture contents. - . .

2.2 Case Histories

The British Research Establishment of Great Britain
1nvestlgated some open p1t coal mine s:tes to analyze the
settlement behavior of sp01l material.

Great Britain_has been involved in large scale
surface coal mining since 1942. Excavation and.placement
of overburden has heen doneAby draglines and with face

shovels using trucks to end-tip the spoil into the mined

out areas. The randomly dumped overburden is generally
: . d '

-y

G
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teund to be "unconsolldated" with large voids.

At Horsley Village 1in Northumberland both- methods of
excavation were used: face shovels for the upper strata,
aed a dragline for lower layers. When boreholes were
drilled through the sp01l voids of up to 0.5 meters in
dlameter were encountered Extensometers were 1nstalled in
five of the boreholes and provisions were made to monitor
the riee of the groundwater table through the fill. The
fiil,.comprisednof indurated sandstone and mudstone,
contained reck sizes up to a meter in diameter. Fptther
details of the spoil material are‘given by Charies et al.,
(1977 and 1984).

Pumping to dewater the mine was stopped about one
year after after the instrumentation was-installed; A
water level rise of 29 meters was recorded at the deepest’
bart;of the pit, within two years after pumping ceased
(Charles et al.,1977). Collapse settlements as large as ¢
1.4 peq cent over 50 meters were recorded. Charles et al.
(1977), di. n. f'nd a correlation between the age of the
backfill ¢ . itc .usceptibility to settlement on
saturation, but did find that es the groundwater level
rose, settlement rates increased. ‘péta from this reclalmed
minesite will be dlscussed in Chapter 6 o o -

In recent years, there ‘have been several instances’ in

southern Africa where deformation of road embankments has

occurred, apparently due to collapse settlement within the
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fiil., Tﬁese have followed periéds of exceptional rainfall,
often so heavy that wagér has been temporarily impoundéd
. by the embankments. Thouéh much of the evidence is also
consistent with shear failure, collapSe settlement is
considered the more likely cause of deformation (Booth
1975). | |

Laboratory teéting performed by Booth (1977) on
collapse-susceptible soils has shown that tﬁe amount.of
collapse is a éomplex function of soil type, grading, and
dry density, initial dry density being a doﬁinant factor
(tHe lower the dry density, the more collapse pptgntial).
However, any soil may collapse under the right conditions

(Barden et. al, 1969).



3. FIELD AND LABORATORY TESTING

3.1 Introductiqn

‘This chapter outlines the field program implemented
at the Highvale and Whitewdod‘Mines, introduces the
Predictive Settlement Method used to prgdiét'long—term
settlement; and presents the laboratory testing performed -

to analyze spoil material characteristics and behavior.

3.2 Settlement and Groundwater.Instrumentation - Highvale

énd Whitewood Mines |

The field instrumentation at the Highvale and
whitewood Mines consisted of multipoinf‘extensometers,
surface settlement gauges, and standpipes. The multipoint
extensometers were used to monitor fﬁe variation of
settyement with depth. The surface settlement gauges,
installed about 3 m deep, measured the total settlemeht at
each site and were related to the uppermost multipoint
. extensometer. Standpipes were used to monitor the
groundwater table, which was related to the settlement of
the spoil piles. A description of and installationA
procedures for the above instrumentation may be found in
‘Appendix A. .

In the sﬁmmér of 1982,‘two regions at the Highyaie

Mine were instrumented (Figure 3.1). One region, Highvale

North, with spoil ages 1.6 to 3.3 years, was instrumented

12
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in June, 1982. The other region, Highvale South, with
spoil'aggs 1.8 to 2.9 years, was instrumented in August,
1982.lEach region consisted of five test sites, and each
site contained a multipoint extensometer and two surface
settlement gauges. Standpipes were installed at all the
Highvale sites except at Highvale North Sites 2 and 4. At
the Whitewood Miné, five sites where the spoil ranged from
4.3 to 21.3 years old were instrumented in July 1982,
(Figure 3¥2), similar to the installations at the_Highvale‘
sites. Standpipes were installed at Sites 2, 4 and 5.

The number of extensometers per hole was determined
by the depth of the spoil at each site, and Qere.‘ -
approximately equally spaced throughout the,hqle._}ll ;;¥
boreholes exteﬁded below the elevation of the;éig;5169£EW\
and the lowermost extensometer was lodged in sha}ebbédrock
and acted as a reference datum. The stendpipe boreholes |
were placed close to the multipoint extensometefs and
extended to-the base of the spoil material.

The instrumentation installed in the summer of 1982 =
was placed in unreciaimed spoil pile peéks of different
ages. Highvale South was subsequently reclaimed in the
winter of 1982 and spring of 1983. Reclamation of the
Highvale North region began in the autumn of 1983. At the

Whitewood Mine, only the region of Site 5 has been

reclaimed. -
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. Detailed description of the recovered material, in-situ
testing and sampling were carried out during the.drilling
of the standpipe boreholés; except at Highvale South Sites
2 and 4. Testing included standard penepration testing
where Shelby tube samples vere taken. These were used for
the determination of in-situ densities, moisthre contents,
and index tests. A limited number of tests were performed.
In late June, 1983, the valley site (designated as-
Site 6 on Figure'3\2), between Site 3 and Site 4 at the
Whitewood Mine, was backfilled with material from the
vpeaks surrounding the instruments at these sites. The £i11
was about 10 m deep in the center of the valley. This site
was instrumented in July, 1983. Instrumen&ation included a
standpipe/benchmark and four deep settlement gauges,
installed at various depths to aliow for an analysis of

settlement with depth of the fill materials.

3.3 Introduction of the Pfedictive Settlement Method

At each of the test sites at the Highvale Miﬁe and at
two sites at the Whitewood Mine, the spoil profilé was
divided into layers determined by the extehsometersbat the
‘site. Throughout the fbllowing settlement analyses, a
layef will define the vertical spacing beﬁweén Specified
extensometers,.and is'comprised.df relatiyely uniform
spoillhaterial..Each layef had one of the following as. the

majorvcomponentf clay, sandy clay, or partings. Partings
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is a mixture of low grade coal and Shale, with varying
amounts of clay.

Using the extensometer settlement data, it was
possible to determine the approximate settlement of each
layer. Graphs were then plotted of settlement observed for
each layer versus time and the logarithm 6f time. The
latter showed that settlement tended to plot linearly with
the logarithm of time. This phenomenon was also observed
by Charles et al. (1977) and Knipe (1979). Because this
thesis i5'¢oncerned with long-term settlement, this method
'of plotting allowed forc the extrapblatién of the straight
line geﬁerated on semi-logarithmic paper. The slope of the‘
‘line plotted on seﬁi-logarithmic paper, when divided by
" the respective thickness of the layer, gave a number which
has‘been termed the ?redictive Settlement value, or Ps
Qalue. These values could then be compared on the baéis'of
the type of spoil material and the relation of the spoil
material to the groundwatef table. Although data for the
method was computed frdm spoil‘less'than five years of
agé, it is suggested that the -method be best applied to
sites five years after the material is spoiled, and
reclamation has occurred. Young spoil (less than five
years old) or spoil that has been disturbéd by
‘reclamation, may have variable settlement patterns and so
this recommended delay will allow for stablé settlement

patterns to develop. The instrumented spoil material at
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the Highvale and Whitewood Mines was not disturbed by
reclamation procedures and although five years had not
elapsed since époiling, the settlement data from the spoil
ﬁaterial was‘reaSQnably consistent and was thus useful. in
analysis.

Ps values are not exact due to some uncontrollable
variables. First, mine spoil can be more heterogeneous
than homogeneous. Second, the boreholes drilled at the
Highvale and Whitewood Mines were logged by different
people resulting in possible differencés in
interpretation. Several of the holes (Highvale North Sites
1,3,5, Highvale South Sites 1,3,5, and Whitewood Site 4)
were logged on the basis of soil samples retrieved while
drilling. Boreholes at Highvale North Sites 2,4, Highvale
South Sites 2,4 and Whitewooa Site 2 were loggea on the
basis of the drillers estimates as the material came out
.of the hole. The segregation of a spoil profile into
layers comprised of uniform stratigraphy is therefore
fairly general. However, for spoil materials that fall
more or less into the categories méﬁtioned in the first
paragraph of this section, it iS'assﬁmed'feasonable to
a?alyze settlement and make calculations using the Ps

valﬁes that are derived.
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3.4 Laboratory Studies: Highvale and Whitewood Mines

The laboratory program related to the Highvale and
Whitewood Mines involved the determination of the
settlement response of soil samples when loaded and
subsequently saturated, and slaking tests.

Several large diameter consolidation-tests on
Highvale overburden and partings material weré performed.
Settlement characteristics weré measured while the samples
were under loéd, and when_watér Qas allowed to infiltrate
the samples. It was hoped that this process would simulate
in-situ conditions, such as a rise of the groundwater
table. These tests provided useful information on the
settlement behavior of'mine spoil.

Slaking tests were performed on overburden matérial
from the Highvale Mine. Useful information was provided
regarding thé behavior of spoil material in proximity to

the groundwater table.



4. PRESENTATION OF DATA
4.1 Introduction N
This chapter discussés the field data and some of the

factors that affect the settlement of mine 5poil. An
explanation of the Predictive Settlement value Ps is -
followed by a discussion of Ps values for twelve}mine
sites. Ranges of Ps values applicable to spOii at the
Highvale Mine are then preSenfed. The chapter conciudes

with a discussion laboratory testing data.

4.2 Field Data
"

4.2.1 Borehoié Data - Highvale and Whitewood Mines

From the drilling done in.spoil peaks during 1982,
the‘material at the Hiéhvale North Sites was found folbe
preaominantiy cohesive with a\mix of clay, silt, sand,
‘shale énd coél‘chips. The site plan shown .in Figure. 3.1
locates the va;ious drilling sites. Borehole aogs indicate
that the doal.content'generally’increases towards the Base
of the époil piles. Afterberg.limit tests show the natural
moisture content of the material is near the plastic
limit. Moisture content tests show-that-there is not a

marked dependence of moisture content with depth, and -

average values vary from hole té hole.

20
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\ Spoil peaks were also drilled at Highvale South in
1982. Borehole logs from Sites .1 to 3 show ;he spoil to be
clay with varying amounts of sand, silt, coal and shale.
Atterberg limits of the material indicated it was at or
near the-plastic limit. At Site 4 and 5, partings, coal,
clay and shale fragments form the major portion of the
.époil. In tﬁeipartings'itéelf, coal is a sighificént
component. The remainder of the spoil is clay, medium to
highly plastic with lenses of bentonite.

At the Highvale North and South test sites, ﬁhe
in-situvmoisture content is close to the standard
COmpactioﬂ optimum moisture content. Activity values f}om
these sites show that the swelling potehtial of the clayey
spoil is generally low, Rowever,_some of the clayey spoil
has a high swelling potential. Density determinations
‘showed "that no corfelation appeared” to exist betweeni
séttlement and density of spoil. |

All N (Standa@d'Penetration Test Blow Count) values
for the spoil at the Highvale Mine afe plotted dn Eigure
4.1 and show a genéral trend of.increasing N value w;th
depth. As densities in the spoil do not increase with
depth but remain fairly constant, this figure likel§
feflects the effect of increased confining stress with
depth-in the overburdeﬁ. o , \

Although no large voids were encountéred'during

drilling, voids are known to exist in th spdil‘piles.
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This was evidenced by field technicians during a heavy
rainfail in July, 1982 at the Highvale Mine. At one
location at the minesite, runoff ffom the spoil peaks was
not ponding but was disappearing into a void ih the spoil.
At the Wﬁitewood Mine, drilling was S;rformed in

spoil péaks in July, 1982 (Sites 1 - 5) aﬁd a backfilled
valley was drilled in July, 1983 (Site 6). A pi%n of the
mine showing £he'borehole locations is giveen in Figure
3.2. The mateyial at these sites is predominantly sandy
with significant amounts of'ciay in some holes, and
varying ambunts of silt, shale chips and coal chips. Coal
fragments are.more prevalent at Sites 4 and 5. Moisture
contents vary throughout the holes;, generally depending
upon the sand/clay content. No definite trénds were
observed between blow count and depth.

Table 4.1 summarizes the soil properties of the spoil

material from spoiI peaks at the Highvale and Whitewood

"Mines.

At the valley site (Site 6) .the fill is predominantly °
sand with 'a clay layer mixed with coal and rock fragments.

Moisture contents tend to be fairly consistent throughout

the material. Sélow‘the valley the spoil is sand‘%ith clay

and coal at depth. The density.of the valley fill is
similar to the material below the valley, ranging from
1750 to 1820 kg/m® in the valley and 1600 to 1810 kg/m?

below the valley. Blow count_and dynamic cone blow count
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INDEX PROPERTY CLAY SANDY CLAY|PARTINGS
Range of Liquid [38.0-95.4| 26.2-54.9| Non-
Limits w(%) . plastic
Average LL w(%) 61.0 36.6 -
Range of Plastic |[17.8-68.7| 7.0-32.5 -
Limits w(%)
Average Pl w(%) 37.0 17.8 -
Number of tests S 5 1
Range of Moisture|15.0-32.8| 9.2-26.4 [14.4-31.2
Contents wi(%) :
Average M.C. w(%) 22.8 15.2 23.3
Number of tests 45 26 31
Range of density [1140-2173| 1905-2082|1028-1510
(kg mS)
Average density _ 1900 1982 1355
(kg/m3) ’ '
Number of tests 14 3 6
% Sand sizes 5-20, 65-78 55
Average (%) ‘§$ 13 . 69 55
% Silt sizes 45-63 12-30 27
Average (%) 54" 18 27
% Clay sizes,. 27-42 0-20 18
Average (%) 33 13  18

7 5 . 1

Number of -tests

Table 4.1 Summary of Index Properties of Spoil Material
- From the Highvale and Whitewood Mines
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generally increased with depth, particularly beyond the

bottom of the valley.

4.2.2 Settlement Data
¢ From the settlement data obtained from the ﬁultipoint

extensometers at the Highvale and Whitewood Mines, it was
‘possible to plot settlement with depth for each site
Lm@aitored. These graphs show variable settlement patterns
as will be discussea in Section 4.5.. The older sites
éhow considerably less settlement than the yoﬁnger'sites..
It is of interest to note that for some of the.older
sites, because théy have settied"even a small amount, a
high rateﬁof>Settlement, (related to the logarithm of
tiﬁe), is Qbserveé. This is discussed in detail in Section
4.4, Very‘little settlement has occurred at the
- Whitewood sites .over the period of observation (about 1.5
years). Less than 1.5 cm is evident at every site, wifh
‘the exception of almost 3 cm at Site 2 and about 2.5 cm at
Site 6 (the infilled valley site). It is seen .on Figure‘ |
4.2 that the éettlement at Sité 6 is pfedominantly in the
spoil haterial below the vélley. Tge’fill pushed. into the
§alley has only settled a little, but the increased
o§erburden (from the £ill) has caused the material below
to.settle considerably. Of the five sites instrumented in

July 1882 at the Whitewood Mine, only Sites 2 and 4 show

consistent data that will be analyzed later. .
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4.3 Factors Affecting Settlement of Mine Spoil

There are several factors which influence the
settlement of.minespoil at the Highvale and Whitewood
Mines. Analyzing these factors will lead to an
understanding of settlement patterns of the various spoil
materials at these mines.

At the Highvale Mine, an intefesting correlation
between meteorological.data and settlement of the spoil
was found. At Highvale Norﬁh Sites 1-5, instrumentation
was installed slightly before a period of heavy rain (18
cm in 4 days). For up to 10d days after the rainfall,
large settlements were observed in the younger sites,
Sites 1-3, and small settlements at the older sites, Sites
4 and 5. The instrumentation at Highvale South Sites 1-5
was installed about one month after the.rainfail. These
sites were still influenced by the heavy rainfall, as will
be diséussed later in this chapter. Figure 4.3 graphically
shows the relationship between monthly rainfall and
settlement‘rates,‘The high rainfall value on the graph of
monthly rainfall versusltime is for Jﬁly, 1982. Figures
4.5 and 4.19 show how the spoil material at High&éle North
Site 1 and Highvale South Site 3 responded to the heavy
ihfiltration. |

Although it is observed that infiltration from high
intensity rainstorms causes settlemgnt, their effect

cannot be predicted. This is because rainstorms are random
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in time and their intensity is veriable. Due to the total
possible settlement of spoil that can occur, subseguent or
repeated rainfalls will have a'decreasing effect on
settlement; This means that appliea Ps values will
‘decrease with each heavy rainfall infiltration event. It
is also thought that microtopographical effects such as
the ponding of rain in shallow depressions cannot be
predicted due to their random occurrence. Such variables
as the amount of rainfali, evaporation; and silting of the
soil under ponded water will determine the degree to which
ponded water will infiltrate fhe soil.

A possible explanatioﬁ as to why some surface layers
(particularly at the older sites) are settling less than
others may be reiated to the development of a partially
indurated crust. The formation of this crust is related to
a number of possible factors. One such factor may be
thixotropy.AThe term "thixotropy" is used to describe the
strength increase in soil with time, under conditidns of
eonstant’moisture cohtent and eonstant volume (Moh et al.,
1975). The effects of thixotropy are most significant at
low strains and in remolded soils having a high liquidity
index (Lambe and Whitman, 1979). Terzaghi and Peck (1967)
define thixotropy in the following way: Following f
compaetion or remolding, the positions of particles of
'soil with respect to each other are not necessarily.

associated with equilibrium of the various attractive and
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repulsive forces. Henée, the particles may tend to rotate
‘and assume more stable configurations,}at unaltered
volume. The shearing strength may correspondingly increase
and the 'soil thus exhibits thixotropy.

Weathering is.another'process that may coﬁtribute to
the formétion of a surface crust. Large spoil particiesw
are broken down by freeZe-thaw and/or wet-dry cycles, with
the result that voids in the spoil become filled by the
downward migration of small particles and thus the density
‘increases.vThis produces a crust that inhibits .the
infiltratibn of water.l

Dessicatioh of the surface layer éf spoil may also
contribute to the-formation of a surface crust, -
Dessicaéion is a process whereby soil moisture in clay is
dré&n to the surface and évaporated, DUring this process,
the clay becomes sfiffer and finally very hard. Since faih
water does not expel more ;han a small part of the aif
contained in thé voids of a surface soil, cohesion in the
soil can survive even wet spells of long duration
(Terzaghi and Peck, 1967). In'other words, dessication
produces a grust which prevents infiltration. As ﬁhe
de;sication‘of a soft élay layer proceeds very.slowly from
the exposed surface in a downward direction, the crusti
tha; is formed becomes thicker with ége. It is possible
that this crust may have structural'properties,'perhaps

acting like a. foundation mat.
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The proceés of cementation may also enhance the
development of a surface crust. Cementation is caused by
the deposition of some salts in soil when soil moisture is
evaporated. These salts may form strong bonds between soil"
particles. Because thé Highvale Mine area experiences a
mean annual moisture deficit (Monenco, 1981), which means
that eVapotranspiration~exceeds precipitation, this

process could be a major factor in the development of a

" crust.

' If-a spoil pile is allowed to sit undisturbed for a
period of time, it is possible that the soil structure of
the surface layer can become guite stable and léss
‘susceptible to infiltration of to settlement by
self-weight. If the spoil is subjected to a groundwater
table rise, it would then likely soften‘and begin to
settle. The various processes leading to the formation of
a partially indugated crust, Suéh as thixotropy,
weathering, dessication and cementation, possibly explain
why both loose and dense spoil has not settled, and thus
why there is no correlation between density of spoil and
settlement at the test sites. Throughout the remainder of
this thesis, this phenomenon of a partially indurated
crust will be referred to siﬁp}y as a crust.

Another factor that influences the settlement of
spoil is that of capiilary rise, also known as:

capillarity. Capillarity is a phenomenon whereby a dry
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soil will draw water above the phreatic line, or where a
draining soil mass may retain water above the phreatic
line, due to surface tension effects. The height of water

.

above the phreatic surface that a soil can support is

" called the capillary head and is inversely proportional to

the size of soil void at the air-water interface. Because
spoil has varying sizes of voids, an infinite number of
capillary heads a;e likely to exist. |

I1f a water supply from above (as in Ehe case of
rainfall infiltration) flows downward and fillé voids
above a large void that would otherwise inhibit capillary
rise, these voids can remain saturated and contribute taq
capillary rise above the large void. This implies that a
large rainfall infiltration may result in a significant
capillary rise if, for example, the‘groundwafer téble had
been in é zone of coarse or loose materialvpreviously.

It is difficult to ascertain the height of capillary
rise in the spoil material at the Highvale Mine. This is
because disturbed, unsaturated soil (such as‘mine spoil)
will probably contain a pr§portion of much larger air
ypids than are likely in a natural deposit thét has dried
out slightly since deposition (Barden, 1965). Although
capillary rise of 3.6 meters has been measured in silt in
laboratdry experiments (Lamb and Whitman, 1979), it has
been suggested that it is doubtful that a capillary zone

of even one to two meters could be detected in any soil



33

because evaporation removes the water as fast as it is
pnlled ﬁo higher elevations (Bowles, 1979). ~Because
evapotransplratlon exceeds precipitation at the Highvale
Mine, cap1llary rise, at least in the upper layers of
spoil (when the groundwater table is at depth), is not a
factor to be considered.iHowever, any material in tha
vicinity of the groundwater table may be susceptible to~
caplllary rise. This includes partings, asllt contalns
significant amounts of clay which implies'potential for
capillary rise. At any site considered in this thesis
whero the groundwater table is in or near the lower part
of a layer, capillary rise is assumed to bo significant.
At some of the sites}anaiyzed; a large degree of capillary
rise appears to be the factor influencing setﬁlement. An
arbitrary value of 5 m for capillary rise in the three
types of spoil material, (clay, sandy clay, and partings),
has been chosen for analysis in this thesis. ,

Based on the slaklng behav1or of sp01l material in
laboratory testing, 1t is reasonable to conclude that
slaking of spoil oconrs when it becomes submerged.b‘
Settlement of submerged spoil material, particularly
partings at the Highvale Mine, has been obsérvéd. This

settlement is thought to be caused by Slaking of the spoil.

[¢8
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4.4 Explanation of the Predictive Settlement Value Ps

It was found that when the settlement of a layer.of
mine spoil was plotted against the logarithm of time, a
étraight line was generated; The slope of this line, in
conjunction with the thickness of the layer, gave a vaiue
termed the Ps (Predictive Settlement) value. For some
spoil, the line had two slopes, the first very steep over
a short périod of time, indicating settlement response to\
a temporary condition, the second was relatively shallow
and indicéted a long-term settlement pattern under
constant conditions. The line for some spoil had oniy_one
slope,'indicating no change in settlement pattern.

Ps is defined as follows:

S6H/H

log(T2/T1)

where:

. \ ‘

T1 = start time

T2 = finish time (equal to T! plus an arbitrary time
interveae.)

H = thickness of the strata in guestion

8H = the change in thickness of the strata

_(i.e. se+*tlement) between T2 and T1

The Predictive Settlement Method is based on the

observation that settlement of mine spoil, under constant
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conditions, will increase at a decreasing rate, (or at a
'rate proportional to the logarithm of time). The equétion
above involvés the.logarithm of time, and thus considers
the fact that spoil of different ages will be settling at
different rates with Eime, or, the same rate if related to
the logarithm of time. Therefore, a spoil site will have
the’same Ps value when it is o0ld as it did when it was ‘
young if conditions do not change.

Ps values by themselves do not necessarily reflect
the amount of settlement tﬁat has occurred (or will oécur
if used in a predictive capacity). Rather, the amount of
settlement that has occurred or.will occur is a function
‘of the Ps value, the thickness of'the spoil material in
question, and when the settlement takes place. It is
importaht to note that the total possible long—ﬁerm
settlement at any site‘will likely be the same reggrdless
of the path or series of settlement events that occur.
Thus, the amount of future settlement at a site is alsq a
functibn of fhe amouﬁt of settlement that has alrgady
occurred. This is discussed further iﬁ Section 5;4.1.

The Predictive Settlement equatibn takes into account
'varying strata thicknésses, rendering Ps'dimensiOnless.
‘This means *hat two different plots of settlement versus
the iogariunr of time that have the same slope would have -
diffefent Ps values, if the strata thicknesses were

differént..
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A range of Ps values are applied when predicting
settlement. This is because the materials that have
defined the range may be the same, but have responded
differently to settlement causing conditions. For example,
if two similar materials have different moisture oontents{
" they may»respond differently to capillaryvrise. A range of 4
Ps values thus accommodates variahle spoil hehavior and
also considers thatbspoil subjeeted to heavy infiltration
w1ll l1ke1y have- lower Ps values after the infiltration
than.before. This is discussed further in Sectlon 5.4.

As settlement is monitored at a site, it is possible to
ascertaln/the approhlmate Ps values that exist, and thus -
narrow the range of\the Ps values that vere applied.

Settlement in a submerged layer may be'due to the
slaking of only a small thickness in that layer; However,
it~is believed that slaking may occur not only when the
groundwater table comes in contact with4Spoil, but for.a
.time after the materlal is submerged ThlS means that Ps
values calculated from submerged l: =rs are based on the d
assumption that measured settlement occurs over the entire
thickness of the.layer, whether it is occurring more in
one part of the layer, or'uniformly throughout.

During the perlod of mon1tor1ng the 1nstrumentat10n
at the H1ghvale and Whitewood Mines, the groundwater table

rose between 0.0 and 2.5 meters-per year. Presently there

is no_local experience of the effect of a quickly
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“

recovering groundwater té@ﬂe (i.e. greater than 2.5‘meters
' pef‘year). Further analysis would need to be performed to
’determine if settlement patterns chaﬁge under these:
conditions. At one site at the Horsley Mine in the United
Kingdoﬁ, the réte of grqpndwater table recovery was found
to affect the rate of settlement (Chapter 6). This in turn
‘influences the calculation of Ps values; o

Ps islconstant for a.particular soil, butjwill changé
if conditions change. Besides a partially saturated_soilc
becoming submerged due to a rising groundwater table, some
changes thatﬁaffect self-weight settlement and thus Ps
Valqes are a partially indugated'cruét,-inundation'by

infiltration, and capillary rise.

4.5 Settlementkknalysfs of Twelvé'Min; Sites
4.5.1 Infroduétion'

In the following’séttlément analyses, the spoil at
each of twelve sites is divided into layers, defined by
the extensometers at the site. Each layer.consists of
either clay, sandy clay, or partings,_bgsed on‘borehole
1ogging data;.Layers are numbered frdm the>top down. The
zone of spoil above the uppermost extensometer is not |
analyzed as no settlement.data Qere available.

Each site_has a graph showing how settlement varies

with depth throughSﬁt\tQE~spoil. On the same graph, “the
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material comprising the spoil‘profiie is identified, and
the separation of the spoil into layers is-indicated. on
each plot of depth versus settlement, a dark line shaﬁs
the location of the ~“roundwater table over the period of
monitoring, and is dated at the beginning and end of
monitoring. The term "sbale bedrock™ on each graph
indicates the bottom 6f the spoil pile into whichwthe
bottom extensometer was ;;bedded. The age of the spoil
when instrumented is the elapsed time from when the

overburden.was spoiled to when it was instrumented.

Most sites also have a graph showing settlement

'versﬁs‘the logarithm of time. The pointé on. these graphs.
'ére éctual,data points and the lines through the points}
weré drawn using linear regression techniqueg. The slopes
of the lines on each graph are dashed beyond the data
points, suggesfing‘a continuation of the present
settlement~t;end, if ddﬁditions do\not;change. If
‘ conditiéns‘do change, the siope of the line will change.
The slopeé o% each line is labelled with one of the
bfollowing settlement condition terms related to the
'\V;IOpes: self-weight, capi{}ary rise, GWT (groundwater
table) in layef, submerged, and response to heavy |
infiltration. |
| Calcglatéd Ps values are presented in each of the

following analyses, derived from the settlement data of

each layer. Actual numerical ‘values of'settiement for
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determining Ps values are from extensometer data. All
T ek

values of Ps are to be mui

. B ddr

A

layers at the Highvale and Whitewood Mines are abbreviated

pplied by 107 °..The sites and

in" the following manner: Highvale South Site 3, layer 2

would become HVS3-2.

4.5.2 High?ale North Site 1 (HVN1)

Highvale North Site 1 is divided into 3 lafers
(Figure 4.4). Layer 1 is clay and had an initial Ps value
of 38.7, related to the heavy rainfall of Jﬁly, 1982. »
After a short time, as éegn'on graph HVN1-1 of Figure 4.5,
tﬁe slope of the settlement versus the logarithm of time
.plot changes, the value of Ps bécoming steady ét 8.08.
Thig steady valge“;ould bg related to either self*weiéht
of the spoil, or possibly capillary rise. The latter is
most likely as the groundwater table is very near the
bottom of the layer, althoughﬁ&t haé dropped a meter over
‘the test period (July 1982 to Né&ember.1983, Figure 4.4).

It isra.strange phenomenon for an extensometer to
register less settlement than the extensdmeter’below it.
The plot of Figure 4.4 should show the line between‘the.
~ top two extensometers to be sloping to the right, ﬁo'
ihdiéate settlement between ‘he two extensometers, or tﬂe
line should be ve;ticai[tb irdicate that no settlement had
occurred. A possible exp_.ar ~n as.to " this figure

shows the top extensometer initial’ - ¢ ettling less
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at Highvale North Site -1

(-]
response to’
HVN1-1 heavy infiltration
'.‘. -
capillary rise ~_
HVN1-2 .
response to
4 heavy infiltration 1
~~ . GWT in layer‘
.- - 1
: e . — o
t 4 5 8 100l e 3 I EEEE)
10t 10 10¢
. - LOGARITHM OF TIME (DAYS)
Figure 4.5 Settlement of Layers 1 and 2
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than the one below could bé due to two things. In the
region of the uppermost'extensometer, either the soil in
which the extensometer is embedded is very stiff, perhaps
écting like a mat, or the sqil is actually érching around
the extensometer hole, preventing the soil . of this layer
from settling with the material below. It appears that
this phenomenon, which is also observed at some of the
other sites anélyzed,‘deteriorates with’time, ahd uniform
settlement patterns develop.

Layers 2 and 3 at HVN1 are boﬁh partings material.
Layer é had varying but small amounts of settlement, with
the largest recorded amount of 1.33 cm, with a resulting
valpe of Ps equal to 12.2. Because settlement was so small
and inconsiétent, no graph was plotted for this iayer. )
Layer 2 initially had a 'very high Ps value equal to 375,
related to the heavy rainfall of July 1982. Layer 3, under
water before the raé§fall, did not respond dramatically to
- the infiltration, aéidid ;ayer 2. Layer 2 as seen in |
Figure 4.4 had the gréundwater table in the iayer, andka
. sudden increase in the grdundwater table related to thé
heavy infiltration likely caused significant collapse
related settlement. In a short time, (leés than sixty
“days), the value of Ps for layer 2 went from 375 to 13.3.
The slope of graph HVN1-2 (Figure 4.5) suggests this value

of Ps (13.3) represents a settlement trend of partings,

with the groundwater table almost submerging the layer.
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4.5.3 Highvale North Site 2 (HVN2)

The spoil at this site is divided into tﬁree layers,
layers 1 and 2 are clay and layer 3 is partings (Figure
4.6). Layer 1 is above the groundwater table. Layer 2 has
the groundwater table in the layer. The heavy rainfall of
‘July 1982 caused significant settlement in all layers as
seen in the initial data points of Figure 4.7. Most
settlement was recorded~in layer 3 where Ps worked out to
be over 2000. This value is an anomaly, especially because
the layer was already submerged prior to the rainfall. The
initial value of Ps for layer 1 was also high at 1100.
This value is also considered an anomaly when compared
with the other Ps values that were calculated for clay,
‘which is déne in Section 4.6.2. The initial Ps value for
layer 2 was 395. Although this value was high'when
compared with the infiltration response of HVNi-1 (Ps =
38.7), it was considered reasonable for analysis.

1These high Ps values meant there were large .
settlements at this site (almost 15 cm) due to the young
age (2.0 years) of the spoil and thus_its'susceptibility
to large settlements when inundated. It is noted that an
.older site with smaller settlements could have the same Ps
values, The Ps value fbr layer 1 is presently 8.04,
capillary rise a'possible factor, and 19.9 for layer 2,
reflédting either the effect of'Cépillary rise due to the

groundwater table in the' layer, or the effect of being
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o
response to
- HVN2- 1 heavy infiltration
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e capillary rise ~~~_ 1
<
o
response to
HVN2-2 heavy infiltration
e A 1
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o |
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! ~
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w
T
(-]
s
HVN2-3
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Figure 4.7

LOGARITHM OF TIME (DAYS)

“~Settlement of Layers 1, 2 and 3

at Highvale North Site 2
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partially submerged. The Ps value for layer 3 is 5.69,
related to the settlement behavior of partings while

submerged.

4.5.4 Highvale North Site 3 (HVN3)

Highvale North Site 3 is divided into four layers.
Layers 1, 2 and 3 consist of sand and cléy and clayey
sand. For ease of analysis, all tﬁree layers will be ™
considered as sandy clay. Layer 4 is partings.

Layer 1 is4well above the groundwater table and the
PS‘vélue is 31.4. Because settlement of tﬁis layer begah
after heavy infiltration, capillary rise is a possible.
factor. Although the layer initially appears to be
arching, (Figure 4.8), it has nonetheless exhibited
}‘stréight line' settlement (Figure 4.9, graph HVN3-1).

. Layer 2 had an initial Ps value of 231, reflecting
response to the heavy raififall infiltration of July 1982,
and a final value of 18.4,‘related to capiiléry rise.

Layer 3 was also initially affected by the heavy Juiy
1882 r;infall, but not-as much as layer 2. The value of)Ps
for layer 3 for the first three months of monitorihg was
43,3, dropping do 11.8 (Figure 4.9, graph HVN3-3). This
value (11.8) is considered to be a function of capillary
rise. | ‘

Layer 4 had an initial Ps value equal to 300 (related

- to infiltration) and levelled off to 6.15. The groundwater

i)
—
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Settlement of Layers 1, 2, 3, and 4

at Highvale North Site 3
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.

table initially was about two-thirds of the way through
this layer and rose 1.5 m to submerge the layer about half

way through the period of monitoring. .

4.5.5 Highvale North Site 4 (Hvﬁ4) ‘
This site is comprised of 2 layers, Layer 1 is a
large layer of clay and has not exhibited any séttlement
whatsoever, even though subjected to heavy rainfall,
reflecting perhaps a very impermeable crust. The Ps value
for this layer 1is O;O.
Layer!2, partings, is a thin layer (3 m), and all the"
“lemént betweenvbedrock and tﬁe extensometer at 19,16 m:
.gure 4.10) is assumed to have occurred in this layer.
- This assumption is based on the lack.of settlement in the
clax. Although total settlement.is smail‘(less than 2 cm),
| the;Pg"values calculated aré large; This is because the
layer is thin. A value of Ps equal to 74.6 was'calculated °
after heavy infiltra;ion, levelling off to 31.1 (Figure
4.11, graph HVN4-2). This is considered a Ps value for

submerged partings.

4.5.6 nghvale North Site 5 (HVN5)

| The spoil at thls site is d1v1ded into 3 layers. The
flrst two layers are predomlnantly clay of ngh
plasticity. Laygr. is 6.9 m thick and has not settled at

all in 584 days of monitoring. Ps equals 0.0. This
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surface layer is well above the groundwater table and is
likely a crust.

. L . -~
Layer 2 is measured from the multipoint extensometers

AN

™ at 13.4 to 19.2 m and does include some partings (Figure

-\4 14,

4.12) but is conéidered to be entirely clay for ease of
analysis.'This lafer has settled less then 1 cm and has a
Ps value of 4.67, related to self-weight settlemeht,
although the groundwater table ia in the hottom'of the -
layer 'Capillary rise relatedysettlement‘goes not appear"
to’ be a factor here !

Layer 3 is partings and had the groundwater table
near the top of the layer at the beg1nn1ng-of testing. The
groundwater table is presently above the layer. Initially
Ps wa§f21.7 for_layer 3, reflectlng a p0551b1e slaking

;Ereaction of.themspoil as the groundwater‘table rose. Once
~ the grouﬁdwater table went above the layer, settlement
.decr%ased,'resultlng in a steady Ps equal to 3 77 (Flgure

{4,

*4,13, graph HVUNS-3) . &

‘4.5.7.Highvale South Site 1 (HVS1)
‘This site. has 2 layers of sp011 the flrst comprlsed

malnly of cla& andkthgﬁsecond 1s partlngs. :Layer 1, Figure
&3 ‘:"S“

‘.u

agﬁrur to be settllng very: much In the-

first l80 déyé-oﬁ monltorlng,'no settlement occurred Ps

was 0.0. Then *posS1bly due to the groundwater table

oS

.near the bottom of.the_layer}cau51ng capillary rise, 2:¢m

I -, . . o PP
wrr : X LEx

T
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Figure 4.13 . Settlement of Layers 2-“and 3

at Highvale North Site 5
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]

of settlement in 160 days resulted in a value of Ps equal
to 19.0. Because.Shelby tube samples of clay from thls

layer show high degrees of saturation #{100% at 8.5 m, 75%
at_13.1 m, 98% at 17.7 m), capillary rise as the cause of

settlement is questioned. Self-weight settlement 'is not a

"possibility as it does not explain why the layer did not

. settle for the first 180 days. It is not clear.why this

layer began to settle after 180 days but caplllary rise is
SIAY e
assumed. Only a few points define the plot of gra oh HVS 1-1

- on Figure 4.15,

Layer 2 is 2.8 m-thick and has had the groundwater
table rise through it throughout the period of monitoring

(figure 4.14). This layer is assumed to have undergone all

'the settlement between the extensometer at 18.7 m and

shale bedrock. Similar to Highvale North Site 4, this

' . ) A
assumption 1s based on the fact that layer 1 was not

se;tling at all while the material below layer 1 was.
¢ - . -

Partings is the suspected settling component in the

[y

material below layer 1 and for this reason partings is
considered to be . the material that comprises‘layer 2
(Figure 4. 14). Initially,-Ps for' layer 2 was 309, possibly

reflectlno response t@ the heavy ralnfall of July 1982, a

month before the siteé was 1nstrumented Ps levelled off to
RS
127-after about 240 days (Flgure 4Tﬂ5 graph HVS1—2). This
/

hlgh value is- related to-slaylng of thﬁ parLlngs, as the

groundwater table has been rlslng through thlS layer for

ur‘,:'.,' S

LB i
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the duration of the test period. The value of 127 is very -

hlgh when compared to values from other part1ngs layers,«

(which is done is Sect1on 4,6.4), and is thus con51dered

an anomaly.

4.5.8 Highvale South Site 2 (HVS2)

The soil profilevat this site is divided into 2
layers, similar to Highvale South Site.1. Layer 1 is.
mostly medium to highly plastic clay. For 350 days, the Ps
value for thls layer was 17.0 reflecting the effect of
surface ponding of rufoff around the instruments for a
lengthy period of time. When this effect ceased, Ps

decreased to a low 0.54, Peff%cting a crust-like:

-stablllty The effect is too ‘'sudden for theldevelopment of
a crust, however, (Flgure 4,16), that thlS is’ questioned.
It is not known why settlement of th1s layer stopped so
drastlcally The groundwater ‘table is below this layer..
When rt rises into the clay layer, its effect will not be
as pronounced as 1f surface pond1ng related settlement had

not occurred

Layer 2 is partings and -has had the groundwater table

A

in the mlddle of the layer throughout the test perlod

: ‘In1t1ally Psffor this layer was 19.0, possibly due to the

heavy.rainfall infiltration of July 1982 causing collapse
settlement, but 2 months after the beginning of

monitoring, Ps levelled off to 2.55 lFigure 4.17, graph
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HVS2-2).

4.5.9 Highvale South Site 3 (HVS3)

The spoil at this site is divided into four layers
_ (Figure 4.18). Layer 1 is highly plastic clay, layer 2 is
-medium‘plastic-clay, layer 3 is partings above the
‘groundwater table and layer 4 is partings below the
groundwater table.

Layer 1 has not settled‘at all in the 680 days of
. monitoring, possibly due to\the development of a surface
crust; Ps equals 0.0.

| Layer 2 initially had a P5 equal to 15.3, related to
self-weight settlement, then after 180 days, it jumped to
50.5. This phenomenon is similar to that at Highvale South
Site 1llayer'1. it is possible that the groundwater table
rise of 2.0 m in }ayer 4vresulted in capillary rise
entering layer 2ﬁ§ghis value (50.5) is high for capillary
rise.in clay and is thus considered an anomély.

Initially Ps for. layer 3 wé§'155 levelling off to

14.5 after 80 days (Figure 4.19,Jgraph'HVS3r3). Even
thougﬁﬁgﬁigzsjteiwas instrumented after the heavy rainfall
of July 1982, it is possible that the effect of: the
rain%all, (Efe. a‘short-térm increase iﬁ the groundwater
table),‘ié'related to ﬁhe_inifial high ?s value -of 155.
The Ps Yalue of 14.5 is very likely a capillary rise

related value.

R
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Figure 4.17 Settlement of Layers and 2
. - at Highvale South Site 2
&
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SETTLEMENT (CM)

' sqlf-weight
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4 ) \ - ' N
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Figure 4.19 Settlement of Layers 2, 3 and 4
: at Highvale South Site 3%
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Layer 4 was partially and then totally submerged
throughont the test period. A constant value of Ps.equal

to 19.4 was calculated (Figure 4.19, graph HVS3-4).

4.5.10 Highvale South Site 4 (HVS4)

The soil profile at this site isinot slmilar to any
of the others (Figure 4;20). Partings comprises the first
layer, layer 2 is clay w1th a seam of partings material at
.the top and bottom of the layer and layer 3 is partlngs.

For ease of analysis, all three layers will be considered

as 'partings’'. .

Layer 1 did not settle for the first 170 days; and in
the next 360 days settled less’ than 1 cm‘(Fignre 4.21,
graph HVS4—1) r s -tlng in‘a Ps value of‘5 60. This layer
is welr ‘above the groundwater table and l1kely any |
settlement is related to self welght

Layer 2 also dldonot settle for the first 170, days of
monitoring, but since then has had fairly steady |
settlement (Figure 4‘21 graph HVS4—2) with Ps equal to
15.7. Very llkely cap1llary rlse is a factor
r Layer 3 has settled contlnuously since the beginning
of mon1tor1ng (Figure 4.21, graph HVS4-3), and Ps equal to
26.5-is related to.the layer being submerged with slaking |

possibility.



65

o P R a
~ ¥ 917S yInos. s|eAYBLH JB jusws|])es 0Z'v @unBry \
(Wo) Juaws|)yag “ /
A e N S B e o
~— § . , N
sJdeak -z = PajuswnJisui cmc;.wmq — “
4 o < ; B .LV
- g i S.
ooupaq 3| eys ;
1 - - ' o N
£ memJ "sBuyjued . .
I 2861 snbny - L
. €861 Jaquanoy = “
Z Jakeq - HO-12 Aeyo S
4 L
B 1 ttfe
I JaAeq
{. sBuy}Jed g
. . +. } %Lw-,.
SE . 8
+ t t + Aeio t + t m B — BE| o

(w) yydeg

5

<

Q.



L Figur‘év'4.21 \

Settlement o

v at Highva

?é

.‘\,"u“i . B
AR 66
L 4
© S
HVS4- 1 R
. ol self-weight " ‘\_\\“ .
ot 7 . N . 3 (1}
“ ? N '.
c'.' : 0 PR
o HVS4-2, - \ R
' ‘.“ : b ~
- J s ' B \\ e
i . E! ~
? capillary rise - ~_
- £ AN
1 g o, : '\\ b
fz\ u . \\
e v - AR
. - N
i
x .
.S.Q' 7 ) 3 N N
E e -
- .
v N ;
@ HVS4-3 .
"~ %}f{n‘t -
& S o
-
5 L . .
. . ',f’":
~ & ‘i;
w AF]
T . } : +
i t 3 « 5 ¢ 1ol 1 3 HEREEIREE]
10t . Ie 10
: ' LOGARITHM OF TIME (DAYS)
¥ . ., T o

@

Layérs t, 2 and 3
Soush Site 4

L



67

<3
=

| . B |
4. & 11 H1ghvale . Jth Site- 5 (HVS5)
It o : ¢

This s1te is divided 1nto three layers The top half

of layer 1_1s°clay and the bdttom half i%" partings (Figqure

4.22). This layer well above the grﬁundwater table, has‘

”\ n‘ttlon gf the

.S? ‘

Layer 2 ls prlmarlly partings and has settled only

not settled at all whlch 18 llkel

' deVelopment of a cru&?

) g N
0. 33 cm- w1th a resultlng Ps V&EE? equal to 2.07.'The.'u4
v

development of a crust has likely stab111zed th15s51te

K

Layer 3 is mostly clay w1th a thph layer of part1ngs
at the top Ps is equdl to 4 0S qnd is” con51dered a Ps
E Sy w
‘f value for submerged clay The groundwater table 1s in thlS

ot
R

e s
galijrd layer Thls small value (4. 09) suggests that foﬂgP .
. t : _;,‘

ur oL

> &

ayer, much % the settlement caused by the
. P 3 o - w
grouHdwater table‘oqcurred before the.groundwater:ﬁable-fl

actually reached t%é'layér " 1In other words, it'ls‘likeﬁ

*;that caplllary ngsescaused most of the settlement bef
the gro%nduater table reached the layer. After thlS layer-

;became submerged \any&%urther settlement ;s related to-
'slaklng of the. material. : o SRR F
~ No graphs were made. for this, site due to the small

-~

rottlements in the order of half- a centlmeter

4.5, 12 Whitewoad Site 2 (WWZ)

Th1s 51te ls almost entlrely sand with clay m1xed

'throughput, and w1ll be cons1dered as sandy clay (Flgure -
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:4.23). For 2%Q“days Ps was 8.93 and then for 300 days Ps
L iw&s»S;@&akFigpre 4,24, graph WW2-1)., It is noﬁhknonn why
Vo NI : SRy e,

J‘,,.\r,'l,#t,hé"Ps‘ value cﬁgﬁged. As the prerant settlement pattern

appears stable, the. value of 2 8 will be used as a. KW¥“
self-weight Ps value in the 7~ yses to follow. Th'

groundwater table.is very ne-. the bottom of the.st‘\Eé; .
v : o
> s h‘

4.5.13 Whltewood S1te 4 (Ww4)
ThlS snte 15 d1v1ded 1nto 2 layers (Fidure 4525).
Layer 1 is almost 34 m thlck-and 15 comprised of sand,

clay and some th1n seams of paxt1ngs. Ps 1s equal to 1, 220-
as’ less than 1 cm of settlement has. been recorded for thlsg&

9 N i - )
thlck layer Layer 2 is partlngs with the groundwater

¢ . o1

table near t “Qttom ‘of the layer. Settlement is; falrly B

- g . o oo "
rcon51stent (F¥glre' 4.26, graph WW4-2) with Ps equal to
CLoEN ; . v BN @ .

F2g

4.6 Tabulation and Correlation of Ps Values |

.

. . \_/\ "7..‘ .
4.6.1 Introduction | . -
s T C ' . ¢ >
~ ' By analyzing the common settlement related phenomenon

‘of the three main fypesfof~sboil discussed (clay,.sandy
R - R ’ - . ) PR
clay, -and partings), it %8s possible to correlate Ps
" values. These values will be used i Chapter 5 in  a manner

+ a0 D

SR R ' - ... ,
.to demonstrate their use in long-term predictive analyses.

All Rs‘values-are to be multiplied by T10:°.
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"sandy clay

clayey sand ..

Layer 1

P
B October 1983 ,)¢\»wﬁf- ,
————Y Augu§t 1882 ‘% e

- - gy

gﬁale bedrock

Age wheﬁ'inStbuﬁehtgd :‘4.3'years

T
2 y 6CH

'_ Settlemenf (cm) .

e

“Figuie 4:23 +7Seitlement .at Whitewood Site 2



a

71

) : Sy
: J ,
. >
"’ OR |
. " R4
Ww2- 1 |
«,' ‘ _S- . )
- N
o N
YA .
g N
O =, . 4
. ~ N N\
& _ . N . e
"i’ . rself-weight - % ’ 4
W o] N oo O
_'J v N\ s RN
E b BN P
P ‘%0‘ . TN
-~ S s o 4 PR \
7 A g ToL0T
T o T
i — . | — :
e : .t 3 « 5 8 10891 R E) ¢ 1 8 1900 .
‘:.’.. 10: G ? g ] LU‘ L & o . 10‘.
il : g o . R R :
- LOGARITHM' OF TWE, (DAY -
T ' . B - R~V o N
. e -4 T . SN
) . o L S
. e ST T
v i : &
S ;
. o e
Figure 4.24  Settlement of Layer 1
X ) at*whitewood Site 2,
, ) S,
’ : ‘
.
Yoo e : v
R e ‘?‘ v . P e
- .")‘ N e )
4 T A o



.'. v
4
4
. '
¢
\
. P x ¢ ) N
v
- v o
. oy R . PR
« . . 1 1 I
& . , , N
NoV. 83 o
; §
0 0 .
: W
N P X R
! dr e o
1

'

o,

=5
4
';*\u{.

 clayéy sand ¢

Layerﬁjl;

“

h]

B N S«andy O,Cc] g‘y‘ rh:
g -+ thin seams of .pantings .
‘;.‘:‘:‘»‘_j-. . "J ."\.:. . ’ L»)J] ‘-\).
he . . . “ ', '_" _} ¢
g3~ partings Layer. 2
y '82 Cl i “ @0 _
: _ shale bedrock
T ) T

Settlement (cm)
/
Age when instrumented = 4.9

.
»

’

Figure '4.25

<

years

Settlement at Whitewood Site 4



L A . w73
5 N ! ) 5
e, L iy
9
\ Q_‘_'
e - \‘\— 4
3 ;
8 ¥ \ )
: GWT in layer N
E ke S y A- N T
| 5 ) /; . » ,, \'\ .
E ¢ 5
ot T / . ; \\':
- —e 1 -~ .
1 s s 8 s 198091 t [ ¢ 5 8 1 09
10 _ 10
. LOG‘ARITHM OF TIME (DAYS) LA
i . 7
\ oot -
. \
LR E e e o

Figure 4.25'

' Sejtlement of Layer 2~
- " at Whitewood S1te.?)



74

4.6.2 Ps Valueéikor Clay
Table 4.2 shows Ps values for clay, the conditiom

related to the values and'the'SiteS'where,the conditions

. 7

occurred Five years after spoiling (or reclaiming), if
the groundwater ‘table is at depth (i.e. caplllary ggse is
‘not a factor), it belleved that the development ofka
.partlally 1ndurated crust may have an effect up to 10 m in

depth. Ps is equal to 0.0 for this phenomenon To be

\

liberal, analy51s of site settlement will use this Ps

Avalue only up to a depth of 5 m below the ground surface

In the zone below this crust but not 1nfluenced by

W o- o o b
caplllary rise or groundwater table effects, Ps wvalues of

5

e .

‘;) 4. 67 to, 15 3 Mere calculated ' This is related to

elf welght of, the spoil. Only two 51tes demonstrated th1a
effect (Ta%le g.z)nkguggestlng the‘p0551ble‘complex1tydo£ |
interaction betueenq&arious settlementgrelated effectsr.In
other words! aelf—wefght settlement is‘a phenomenon that
continues fn'clay spoil but ie affected by such things as
" the development ofva crust and capillary rise,rso;tnat"
self—weight settlement 0ccurrlngﬁon its own naylnot beé
commonﬁ However, for zones. below the arbitrar? SVm'thicg

crust'and above tﬁe"range of'capillary,rise (as'will be

7
-

discussed), it is liberal to~consider s€1f-weight as a
'settlement factor. .
In clay layers abo'~ the groundwater table, capillary

rise. related settlemenf has Ps values of B.04 to 19.0. The

T , : ' ' oL
: A
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"Table 4.2  Ps Values For Clay anH Sanéy Clay
= : , ./_

gl CLAY
. St W o ‘
Ps VALUES| CONDIT,ION "1SITE-LAYER / Ps VALUE
0.0  |Partially - HYN4-1 / 0.0
o indurated crust .HVNS5-1 / 0.0
| HVS1-1 / 0,0 :
HVS3-1 / 0.0
HVS2-1 / 0.54%
4.67-15.3|Se1f-waight + HUN5-2 / 4.67
» HVS3-2 / 15.3
8.04-19.0|Capillary rise HYN2-1/ 8.04 (a)
(a)Capillary rise’ "HVNi1-1 / 8.08 (a)
following . HVS2-1 / 17.0
heavy HvVSi-1 / 19.0
infiltration . HVS3-2 / 50.5%
4.09-19.9 | Submerged HVS5-3 / 4.09, .| "
s (a)semi-submerged HVN2-2 / 19.9:(a)| -
0 “ , . i 3 %ﬁ 7 -
138.7-395 |Heavy infiltration| ~ HVN1-1 /£§8.7 ‘ ; -
: ~ |response HVN2-2 /. @38%«1 T8 e,
. PN HVN2-1. /748974 | -
S~ - . : ;;" )t“‘, ?-J
* = anomaly ' ‘ : ;iﬁ
o SANDY CLAY
\
Ps VALUES|'  CONDITION - SITE-LAYER / Ps VALUE
' 1.22-3.88(Self-weight, and WWa-1./ 1.22
o well above the ww2-1 / 3.88 | .. o
‘~lgroundwater table ' SRR
. . | é
11.8-31.4|Capillary rise = HUN3-3 / 11.8  =f
following heavy HVN3-2 / 18.4 *
- linfiltration HYN3-1 / 3134
" [43.3-231 |Heavy infiltration| _ %WN3-3 / 43.3
T response Sk MVN3-2 / 231 3
. % Lo ’. '

e,



_ . | _ .
value of Ps equal &pubf”ﬁ from HVS2—1 (Table 4.2), which
was affected by surface‘gondlng of runoff, is thought. te
“have had?é%,effect similar to capillary rise. Again, V
capillary‘rise in clay is assumed, on the liberal side, to
be 5 m.

The settleme&§ effect of capillary rise on‘a crust is
unknown Self we1gn. of the upper 5 m of a spoil profile
is Jurtually stopped by the factors ‘that contribute to the -
_developﬁbnt of a crust,‘It is therefore quite likely that
Jcapfllary rise‘wouldbcause more settlement to occur im the

r

crust than in spoil_at depth. For the analyses to followﬁi&f-

KR 2

e

if the groundwater'table does reach a point where the 5 m

5

zone of caplllary rlse reaches into the upper . 5 m, of

(\r -
oy

<,
M)

L i . w

crust the ‘Ps values for caplllary Trise a551gned_to clay
'at dept@A(S 04 19.0) . will be used. Thls assumptlon

provides.a close approxrmatlon and may be reasonable due

-ar\

e ~
o to the relatlvely small - assumed thlckness (5 m) of the i
.crust. S : . o o L

. oo P

The groundwater table has not risen sufficiently to

provide data for the calculation,of Ps”éalues for clay

. o /
below the groundwater table Th*s condition would indﬁcate.
-

‘\ 1 ]

’ Y
vthewslakéng response of clay)whlle submerged Because of

¢

this, a llmlted understandlng is’ av%&%able ‘of the'

Ria%

‘settlement response of . clay whlle submerged <bnly two o .

-

n-,51te§ HVNQ 2 and HVS5-3, have provided 1nformat10n

‘Wirelated to the;submerged settlement response of clay. Site
- . B . ’ ‘ . N \ . -

-t L
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A

HVS5-3 (Figure 4.22) is almost totally submerged and a Ps

B . ! N .

value of 4.09 was calculated.’ Site HVNZ;Z‘(Figure 4.6) is
: N . . .

only half submerged and so the Ps.value of 19.9 is likely

related to submerged conditions, and capillary rise. The
' ‘ ‘

former condition is considered, to enable the application
of a range of Ps values for 'submerged clay. Thus, in the.
‘analygzs to follow, Ps for submerged clay is taken as 4.09

to 19@5 and is effective only for the submerged portion of

9anyL$¥ay layer
L A .
ﬁCollapse settlemg;t of clay related te the Uy

1nfrltrat10n of heavy ra1nfall of *the . 1nten51ty of 18 cm

P

1#“4 days has resulted in Ps values of 38.7 and 395 Thig«"

large range w1ll take into account the p0551b111ty of :
. ’ lr’:,f‘.;u .
varylng response to heavy 1nf11tratlon It appears that )

'\

~the effect of heavy 1nf11trat10n h8s a duratlon of about ‘““;

100_days (Flgures 4, 7 and 4, 9) After a heavy 1nflltra¥1on.

< |

: event it is 1mportant to note that settlement of the .
’ : N ey

spoil profile will be at a lower rate than before the \J'

heavy 1nf11tratlon. ThlS means the appllcat1on of the

/

.lower Ps valu&s of the ranges found in Tables 4,2° and

4.3, This is dlscussed,further in Section 5.4.1.° =
T

-

L \ S

4.6.3 Ps Values For Sandy Chay

”

There are not extensive fleld data to- correlate'

e '. . ."f -’

pred1ct1ve setLIement p values for sandy clay Some data -

¥

are ava)lable however and,prov1de a frameworkvfor- ®

<

o,

j‘.»‘
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settlement analysis.
Table 4.2 indicates the range of Ps”values determined

1}

for sandy clay. Data from the Whitewoodiﬁlne provided Ps
values for sandy clay well :above theé groundwater table ard

*not affected by heavy ralnfall It is belleved that most
-
%elf welght of sandy clay occurs in a’ relatlvely short

; 'i t1me after - 1t is drsturbed by sp0111ng Ps values’ of 1 22'
o 7

to 3 88 are a551gned to self we1ght of sani clay

There is no def1n1teLlnformatlon rega

v .”‘_{;\,.,

" settlement effectscof caplllary rlse on sandy clay;

Kl

1ng the

HoweVer, at nghv&lé North Site- 3 (Flgure,ihal//layers 2.
e \ T
and 3 have exhgplted s1m11ar Ps values, after heavy o
o
1nf11trataon, of 18- 4 and 15, 2 respectlvely These values

are belleved;to be a; nctlon of caplllary rise related -

'4" .

3% settlement Layer 1. BN 3 aid not settle dramat1cally.

after the heavy ralnfall of July 1982 (as dq@ layers 2 and -

o

3) but settled unlformly, w1th a Ps- value Bt 31,

wo believed rel?ted to CaplllarY rise. ﬁbr the analy51s to Y-

e 5 of 11.8 to. 31 4 are used for caplllary

' %& 5 m above the gr@undwater table.
There is no- data regardlng the effect of the;i ,ﬂf'

groundwater table submerglng a sandy clay layer and so

N
Y .

for analy51s, the same Ps values for caplllary rlse w1ll

, be used for submerged sandy clay T._:gﬁ; C S

i . s " . K4 s - : - =

A '&xt} - . ) . o o . »i"[::&. o
: - 1,‘:'@,5 : . - - . .

ﬂ(

\

\
A\

.
. o ey
> S
~ o om .
v



%ra\se in sandy clay were calculat

o

Sandy clay responded widely to heavy rainfall. Ps

79

‘ ' : v :
values of 43.3 and 231 were calculated and are assigned to-

%4

o> 2
sandy clay layers when there 1s heavy ralnfall of

"F .

1ntgm§aty of 18 cm in 4 days. It should be noted

wlf¢@ sandy dlay layer undergo1ng self welght sett

R4

sub]ected to- heavy ralnfall (for a maximum length of

the
here ‘that

lement is’

)

eﬁfect of 100 days) the Ps. values a551gned to the layer

.\

after the ralnfall will be those related to capll

lary rlse

(Ps equal to 11,8 to 31 4) and not Ps values related to

]

self- welghtv Thls 1s because th,e%f Values for caplllary
e

3

exh1b1ted’cap111arylrlse relatef&

subjected to 1nflltratlonvdue to heaty ralnfall In other‘ ‘;

words, caplllary rise related settlement 1s more llkely toﬂlf

occur- 1n ~sandy clay after auheavy ra1nfall than | ; 2
fdself werght settlement by itself. ‘f, e :,

. .‘ 77777 S L : ! =
J4 6.4 Ps Values For Partlngs‘ - f_w | .
. s In Table 4 3 . Ps values for varlous settlement ' S

'ﬁﬂcond1t1ons of part1ngs; and the 51tes and layérd related 'l'%

' /
!

to these, can- ‘be found. ji‘

from layers that had

ettlement ‘after belng

Y

/,,

1f. a partlngs layer is above the groundwater tabf BRI

uand the. 1nfernce of caplllary actlon 1s nOt :a

/ .

;pOSSIhlllty, Ps values of 0.0. to 5. 60 are a551gnea,

Lelated to self welght. Because partlngs tend to
~ .

N

be %t fﬂﬂ“f

.depth, settlement due to overbunden is more l1ke1y t%
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B PARTINGS

Ps VALUES CONDITION SIFE-LAYER / Ps VALUE
0.0-5.60 |Above water table, HVS4-1 / 0.0
. no capillary rise, . HVS4-2 / 0.0
self-weight. HVS5-1 / 0.0 .
) ﬁ . HVS5-2 / 2.07
| HVS4-1 / 5.60
14.5-15.7(Capillary rise HVS3-3 / 14.5
HVS4-2 / 15.7
2.55-21.7|{Water .taple in the - HVS2-2 / 2.55
- |layer (slaking and HVN3-4 / 6.15
capillary rise) wwa-2 / 12.7
» HVN1-2 / 13.3
HVS3-4 / 19.4
HVN5-3 / 21.7
HV§T-2 / 127%
3.77-31.3|Layer submerged "HVN5-3 / 3.77
| (slaking) HVN2-3 / 1.69
. HVN1-3 / 12.2
HVS4-3 / 26.5
HVN4-2 / 31.1
19.0-375 |Heavy infiltration HVS2-2 / 19.0 (1)
response (collapse) HVN4-2 /-74.6 (2)
(1)Water table in . HVS3-3 / 155 (1)
- the layer HVN3-4 / 300 (1)
(2)layer submerged HVS1-2 / 308 (1)
" : HVN1-2 / 375 (1)
HVN2-2 / 2250%(2)

9

* = anomaly

v ) //\
. Table 4.3 Ps Values For Partings

\ \

.
~ N ~



81

override the poséiblé dévelopment bf a partially indurated
crust. However, like clay, self-weight is not a singular
settlement phenomenon and is affected by other factors.
The Ps value of 0.0 from HVSSL1 (Fighré 4.22) may be
related to the development of a crust because of its
proximity to the sgrface_wheré there is not,significant
Qverburden.

A limited amount of data related to capillary rise in
parti%gs is';vailable. Ps values of 14.5 to 15.7 (Table |
4.3) are applied to capillary rise conditions in partings,
with an arbitrafy‘rise of 5 m to be used in analysis.

There is sufficient data to analyze and cqmpare the
phenomenon of the groundwater table in a partings layer
(partial submersion) and the layer being completely
submerged. Table 4.3 shows Ps valués of 2.55 to 21;7
calculated fér when the groundwater tablé'travelled
through a layer of partings dgrin% the monitoring period,
or remained at some location in a layer (i.e. the layer is
not completely submerged). Layers that were already
submerged when monitdring.began*or became submerged during
.the monitoring period have Ps vaiues‘that range from 3.77
to 31.1. Itiis difficult to ascertain to what extent the
settlement factcws (i.e. capillary rise or submerged
related settlement) in a semi-submerged layer contribute
to settlement. For this reason, submerged-Ps Qaiues will

be used_for'partings below the groundwatér-table and
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\\Fapillary rise values will be used for a 5 m zone above
the groundwater teble. Semi-submerged Ps values (2.55 to
é:.?) therefore will not be used.

The partings layers have dndergone marked response to
heavy iﬁfiltration whether the groundwater table was at
“some elevat{on in a layer.or whether the layer was
submerged (Table 4.3). Values £ Ps ranging from 19.0 to
375 are used in the examples to follow where heavy
infiltration is due to rainfall of the intensity of 18 cm

in 4 days. The duration of the effect of the infiltration

will be 100 days.

4.7 Large Diameter Consolidation Test Results - Highvale

Mine

The purpose of the large dlameter consolidation tests’,

was to measure the settlement of the spoil materlal under
load, and to observe the spoil settlement response to
saturation under load.

The test’procedure is outlined in Appendix B. To
summarize briefly, the procedure was to pLace a sample in
a large diameter cell, apply a load, and‘ﬂ"asure
settlement. When the settlement under the load had
essentialiy ceased, infiltration ofbwater through the base
oﬁ the sample was allowed. Four samples (tests.1—43 were
dynamically compacted into the cell, simulating the

behavior of the dragline in creating the windrows, and
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four samples (tests 5-8) were prepared by adding a static
load to represent a predetermined depth of overburden.
All the samples were from the Highvale Mine. Samples

S .
1,2 and 4-8 were clay materials, samples. 1 and 2 being

¢
from the extensometer borehole at Highvalé‘South Site' 3,
and samples 4-8 from a freshly deposited surface sample
from Highvale North near Site 1. Sampie 3, a partings 7
material, was taken from the surface at Highvale South

Site 5.

4.7.1 Samples 1K2 and.4

Figures 4.27 and 4.28 show the initial loading stages
of the conSolidation te;ts for Samples 1 and 4
respectively. Samiple 1 was loaded to 300 kPa in one step
and Sample 4 was’loaded incrementally. Both are shown on a
logarithmic time scale and it is seen .that the initial
rate of strain is extremely rapid. This is due to the
unsaturated state of the materials, aﬁd therefore thé
initial compression is that -of the air voids. Both figures
.show that under the maximum préssuré of 300 kPa the-
sampies showed 'a decreasing rate of settlement with time.

In the figures referred to above, it is shown on thé
diagram the point at which‘infiltratioﬁ‘of water into the
spoil material began. Sample 4 showed a iarge increase in
strain when . infiltration began, (Figure 4.28), while

Sample 1" did.not (Figure 4.27). This can be attributed to
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the dif eréqceiin materials. Sample 1 is a highly plastic
clay with f;s‘activity very close to 2, whereaé Sample 4, "o
highly plastic as weil,'énly has an activity of 0.52. An. ..
activity value less than 0.75 meahs that the clay
particles are inactive or loy swelling, whereas an
aqtiv&t? value greater than 1.25 means that the clay
'ﬁarticles are highly.swelling.(Skempton, 1953). This
obserQéble.difference in.settlemént responsé when |
saturgted*demonétratgs the'variqbility in époii mdterial

- at th% Highéale Mine.

4,7.2 Sample“3

Figure 4.29 shows percént strain as a function:of the
lggarithm of time for Sample 3, the parﬁings material; It
strained“by approkimateiy'15 per cenf Qithin the first 1.2
hddrs of loading, more than any_oﬁ the clay Samples.QThe
iﬁitial‘vbid ratio of this matériai was higher, however,
thén those of the clay séﬁples. Before saturation, it had
strained approximately” 15.7 per cent. The rgaction to
saturation is seen to be fairly rapid, with the sémple
undergoing another 9 per,cent'strain_durihg,the next 200
hours. There was no evidence of slaking of the maferial
_when the cell was'diSMantled; even though the sample was

satu;ated for over two months.
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4.7.3 Samples 5-8

Samples 5-8 were were tested ,under varying loads.
Test loads used in the oedometer tests were 60.5 kPa, 92;0
kPa, and 320 -kPa, represehting 3.4 m, 5.1 m ahd 17.8 m of
overburden‘réspectively. Two samples wefé tested at a
pressure of 320 kPa. It was found that at a saturation of
roughly 85%, consolidation of the samples ééésed. All /

samples had shown pronounced signs of slaking behavfor‘

when the test cells were dismantled.

4.8 Slaking'Tests.- Highvale Mine
Slaking tests were performed on the Paleocene
Paskapoo and Upper Cretaceous Wépiti Formation Bedrock‘at a
the Highvale Mine. The spoil at thé‘mine is comprised of
this material. The testinngethod used was the Mg;gehstern
and Eigenbtgd Rate of Slaking Test (1974) and is described '
_in‘Appgndix?Ct . | ‘
Nearly all of‘thé_samples tested underwent total
disintegration aftef two hours of water immersign{ ana.

were classified as very fast slaking material (Watson,

- 1983).
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5. DISCUSSION OF DATA AND EXAMPLES OF THE PREDICTIVE

SETTLEMENT METHOD ‘ - X,

5.1 Introduction
Before examples of the Predictive Settlement Method...

are discussed, a brief summary of the factors that ¥

influence the settlement of mine spoil is presentégkﬁf R -¥
féliowe@ by an explanation of groundwater condftions'ané\
how the long-term groundwater table can be estimatéﬁ at’
vthe.Highvale Mine. Generaily, the Settlement at the |

.

Highvale and Whitewood Mines tends to be a function 9f any
of the following, or a comginatign of the following
factors: éaturation of the spoil and groundwater table
effects, the stress. level applied, soil composition,
stratigraphy and the initial degree éf soil compaction.

Based on the data gathered, these categories will now be

summarized.
5.2 Summary of Settlement Factors -

5.2.i'Saturation of the Spoil andfGroundﬁatér Tabie

. Effects | | |

Many as;ects of the research for this thesis point to
the significange of saturation of spoil mq?erial with

regard to settlement.
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The laboratory consolidation experiments 6; material
\

e Ny :
from the Highvale Mine indicated the potential for marked

settlement resbonse of spoil when saturated under load.

A\
Tests showed that consolldat1on samples settled rapldly

\\

under an applied load with further settlement caused byg
water infiltration (Fighre.4.28 and Figure 4.29), At a
sataration:of about 85%, it'appears from the laboratory
éOﬁSQlidationftests that settlement ceases. Determining a
correlation factor between laboratory results and observed
field behavior is\djfficult because of the variability of .
the ih—situ degree of saturation of spoil, and the lack of
control ‘on the movement\of the ground;ateﬁ'table in field
tésts; Strains obtained in laboratory tests are much
hxgher than those observed in the f1eld due in part to .
the control exerted on water 1nflltrat1on in the
laboratory. Saturation of the entire sample in a
.Vconsol1datlon cell can be achleved w1th1n months, Whereas
‘in the field the soil may remaln partially saturated for
many years. .\\ - |

Several footing load tests were perforﬁed at the

Highvale and Whitewood Mines. Data from these tests showed

that saturatio of coheslve sp01l material such as at
‘Highvale North, cavsed settlement (Figure 5.1).
N _—
N, . .
The presence of the\groundwater table has an

,

important effect on settlemept, depending om the type of

5poil material. At the Whitewood Mine, where the spoil is

N
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SHALLOW. FOOTING TEST
HIGHVALE NORTH SME #5
FIRST LOAD STAGE = 17.7 kPq
~ SECOND LoAD STAGE = 33.6 kpq
THIRD LOAD STAGE . 56.7 kPo

(TOTAL'LOAD) :
DEPTH oF EXCAVATION ‘= 0,64 m
Settiement Roq #1
Settiement Rog #2
Settiement Rog 3
‘Settlement Rod #4

First,Load
Stage

.Second Loag Stage

XG5+

Third Loag Stage

SETTLEMENT (cm)

-10

Saturation

~-15

60 120

180 24 300 360 420
TIME SINCE INSTALLA%N (Dvoys)

i

. Figure S.1 Settlement of the Shallow Footing
' : Load Test at Highvaile North Site s
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pregomlnantly cohesionless, the location of the
igroundwater table at Site 2 had no appreciable effect on
msettlement At the Highvale Mine, where the spoil is
cohes1ve ‘there appears to be a relationship betjeen the
presence of the groundwater table and settlement Sf the
spoil. In fact, much of thé settlement at nghvalF North
and South is localized near the base of the spoil piles
and aPpears directly related to the presence of the
groundwater table. Figure 4.14 shows how the groundwéter
table has affected settlement at Highvale South Site 1.
Slaklng is belleved to be the major form of settlement in
materlal in the immediate v1c1n1ty of the groundwater
table, aﬁd after the material is submerged.

Caplllary rise is another phenomenon which can
enhance settlement Capillary rise is a function of the
amount et fines present and the in—situ‘porosity of the
soil. At, several sites at the Highvale Mine, capillary
tise'appears to be the factor causing settlemehth

| Coilapse and compression of soil structure has also
been observed when spoil has undergone severe wetting. In
. July, 1982, a heavy rainfall of 18 cm in 4 days_caused
significant settlement of spoil piles. This ié‘indécated
by ‘the initial slopes on Figure;4.7,from Highvale North
Site 2. Generally, settlement rates at the HighVale‘ﬁiné

increased 51gn1f1cantly durlng this time (Flgure 4, 3) At

the older sites, Highvale North Sltes 4 and 5 exce551ve
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wetting by the ‘rainfall did not cause large settlements.
AHowever, the settlement rafe shortly after the heavy
infiltration did increase for a period of about 100 days.
: | :
'5.2.2 Stress Level Applied
| ﬁepending ﬁpon the age and type of spoil mererial, an
increase in load applied to the spoil increases
settlement. This was observed at the valley siée (Site 6)
at the Whitewood Mine. Figure 4.2 indicates that most of
the settlem%nt occurring at this vallef site 1s in the
material below the valley and not in the valley fill
itself. | |
Footing tests at ﬁhe Whitewood Mine (on cohesionless
subsoil) were not significantly affected by loading as
were the footings at Highvale North (cohesive subsoil),
and to a lesser extent at'Highvéle South (66 partings
suﬁsqif);¥The loads applied were relatively small
(approximately 50 kPa) compared with the load of about 1éO
kPa applied by infilling Whitewood Site 6 with about 10 m
of fill. B
Consolidaﬁion_testing showed tha: an 1-crease in
stress increased settlement and that tie coroination of

loading and saturation increased settlem-nt (Figure 4.28).
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~ \§.233;Ssil\gomposition

| If‘the époiiamaterial is predominant;y granular, as
at the Whitewood Minér settlement due to self-weight
occurs relatively quickl} after placiné and leveiling
spoil piles. Settlements of only 3 cm in‘544'déys for a 36
m depth of spoil of 4 years age have been recorded. At
this same site, it is evident that the material has been
unaffécted in any way by the groundwater table (Figure

4.23). 2 )

Coheéiye material, as at the Qighvale Mine, tends to
settle by self—weighf over longer periods of time. It is
possible that cohesive spoil material can still undergo
significant settiement after a long time if subjected to a

rise in the groundwater table or to infiltration by heavy

rainfall.

5.2.4 Sfratigraphy

The settlement of a reclaimed mine spoil site is a
function of the existing soil profile. In other words, the
settlement of a siﬁe composed of '3 or 4 different layers
of materi:zl is a function of the settlement of each layer.
This is because various spoil materials settle at various
rates, as outlined in Chapter 4. These rates are
influenced by such things as groundwater table rise-and

heavy infiltration.
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5.2.5 Degree of Soil Compaction

It is of inter%st to note that the spoil material at
the Highvale and Whitewood Mines tends to have similar
densities in both peaks‘and vall?yé; That is, the

densities of the spoil pile materials which are

- dynamically compacted by the draglines do not differ

significantly from the densities of the spoil bulldozed
from the spoil piles into the'valleys. This observation,
however, is based on limited data. More analysis and
testing is needed to better understand this phenomenon.

'In areas where the groundwater table is not an
influencing faCto:, it appears that the age 6f spoil and
not its density is a significant factor in settlement
analysis. The older the spoil material, the more stable .
the soil structure. This is related to the development of
a partially indurated crust. This crust becomes somewhat
impermeable to infiltration and thus inhibits settlement.
‘It is possible that a crust may act as a mat and thus aid
in preventing differential settlement of a Building.

Further analysis of the properties of a partially

‘indufated crust 1is necessary to lead to an understanding

of its structural behavior.

Although voids of any significance were not
discovered while driiling at the Highvale .and Whitewood
Mines,‘ﬁoids are known to exist. This was evidenced by

field technicians who observed that runoff from heavy
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rainfalls in, July, 1982 was not ponding at low points
between spoil peaks, but was disappearing into the spoil

material.

5.3 Discussion of the Groundwater Table and'Long—Term
Groundwater Table Estimation at the Highvale Mine
‘Based upon groundwater table data in the Highvale

Mine area recorded sinc; mining began in 1976-1977, and on

the assumption that the groundwater table will return to

original levels, it is possible to estimate long-term
groundwater table elevations at'the mine.

Drawdown 1is very small adjacent to the high&all
(Pelz, 1984), and in the mined out area the groundwater
level has remainedvlbw. This is due to the existence of
two phreatic surfaces, one abqve thé coal seams, and one
below. Generally, £be coal seams in the mine area are an
important acquifeg. However, in the region of the
instrumentation monitored for this thesis, decreased
’\fractu:e permeability of the coal Caﬁsed by increased-
overBurden thickness, has resufted in the coal not being
an important acquifer (Monenco, 1981). Pumping keeps the
upper phreatic surface from entering the spoil, with the
result that the groundwater level in the spoil risez only
as high as the lower phreatic surface, once the coal is |
.removed. When mining ceases and pumping stops, it is

assumed that the upper phreatic surface will be permitted

.
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to return to its original level. ‘

Using data from Piezometer Data, Highvale Mine Area,
i983, (1983), the water levels from four piezométers in
the area of instrumentation monitored for this thesis,
were analyzed (Figure '5.2). The average of the.highest
recorded water levels attained at each of two piezometer
nests was considered as the "worst" case or the highest
.likely groundwater table level that will occur once
pumping ceases. Data from piezometer nest HG77-13 gave the
highest possible groundwater table of the two nests.

‘uming a linear bhreatic surface as an estimate (Figure

.), for a given ground surface elevation, it is a sihple
calculation to predict, as a rough approx1matlon, a flnal(\
groundwater table elevation. Thus for each site at the
Highvale Mine, a final groundwater table elevation was
estimated, values of which arevshown in Figure 5{2.‘This

iﬁformatiqn will be useful in ascertaining long-term

settlement.

5.4 Examples Using the Predictive Settlement Method

5.4.1 Introduction

"It is possible to demonstrate that by knowing the
‘location of the groundwater table and\predicting its
movement, and by knowing the étratigrabhy of any spoil

site, long-term settlement can be predicted. Ps values are
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—
PIEZOMETER ] GROUND DEPTH OF [ELEVATION DEPTH DATE CLEV. AVERAGE
NUMBER ELEV. PIEZ BELOW OF TO HIGHEST OF ELEV.
(m) GROUNDI MEASURING! RECORDED GWT (m)
SURFACE(m) |POINT (m) GWT (m) (m)
HG77-13-01] 744.7 30.2 745 .3 18.3 Nov. 20/77| 727.0
729
HG77-13-02]| 744.7 28.6 745 .3 14.8 Nov. 20/80| 730.5
HG77-17-01| 736.7 30.2° 737.3 14 .6 Apr. 23/78| 722.7
. 726 -
HG77-17-02 736f7 15.5 737.3 7.3 May 3/78| 7130.0°
1. At 745 m (ground surface), the groundwater table is at 729 m.
2. At 737 m (ground surface), the ‘groundwater table is at 726 m.
Case 1 gives the highest resultant phreatic surface.
745
- 1
740 Ground
- Surface
735-
= -
;_{ - Phreatic
&) - Surface
= 730-
«
>
2 -
~ -
w
725-
- wabamun Lake
T720- ,
SITE | GROUND PRESENT GWT|DEPTH|EST. FINAL DEPTH{RISE IN
ELEV. (m)[ELEV. (m) (m) |GWT ELEV. (m) (m) |GWT (m)
__|HVN1| 726.4 712.2 14.2) . 7244 2.4] 11.0
7 HVN2|[  726.7 713.8 12.9 7241 2.6} 10.3
HVN3! 737.3 715.4 21.9 727.0 10.3 11.6
HVN4 736.4 717 .6 18.8 726.7 9.7 9.1
HVNS 737 .4 719.9 17.5 727.0 10.4 7.1
HVS 1 737.7 717.3 20.4 727 .1 10.6 9.8
HVS2 738.8 717.2 21.6 727 .4 11.4 10.2
HVS3 735.5 717.8 17.7 726.5 9.0 8.7
HVS4 733.7 719.7 14.0 726.0 7.7 6.3
HVSS 738.7 720.4 18.3 727.3 11.4 6.9
Figure 5.2 Groundwater Table Data and Long-Term

Groundwater Table Estimation at
the Highvale Mine :
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assigned to spoil -depending upon whether it is submerged,

affected by capillary rise, undergoing self-weight,

inhibited by a partially indufated érust, or subjected to
\ .

-
heavy infiltration. | \

The void ratio of spoil material\will ultimately
reach a minimum, and settlemeﬁt wili Jﬁrtually.cease.
Thus, the guantity of,settiehent possiﬁle at a site may
occur in 25 years if the méterial is settling oniy.by
self—weight and not influenced by capill;ry rise or heavy
infiltrapion, or may occur in as little as 100 days if
subjeéted to a‘vefy heavy rainfall infiltration. In other
'wqrds, total settlement wiii likely be the sahe'regardleés
of the settlement path or series of settlement events.

. This meaﬁs that after a heavy infiltration evenf, appliea
Ps values will be smaller than before the event. The
amount of decrease 1in Ps values applied is a function of
the settlement effect of thé‘heévy infiltration event, |

The most settlement that is possible for the three”
types of spoil (clay, sandy clay; and partings) is related

to submerged conditions. This is because the laréeSt Ps

values (other than for heavy infiltration) are assigned

for this condition (Ps = 19.9 (¢ clay, Ps = 31.4 for
sandy clay, Ps = 31.1 for parting: bles 4.2 and 4.3).
fherefore.total possible settlex=nt site can be
predicted using these Ps values. I+ 30 possible to

predict settlement over a fixed peric” " vears for
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_1exam§le, using the range of Ps values applicable to

‘whether- the sp01l is settling by self-weight, affeeted by
caplllary rise, or submerged.. '

Due to thé random occurrence and unpredictable
intensity“of rainfall events, it is not p0551ble to
predict their effect. -Subsequent ralnfalls w1ll likely
have a decteasing settlement effect and settlement of
spoil after heavy rainfall will likely be less than before
the rainfall. Thus, Ps values assigned to spoil after a
heav? infiltration are less than'befere. |

The following egamplesvwill analyze the settlement of
a fictitious spoil profile to show how the method is used,
and then will be appliea to the spoil at ﬁighvale North
Site 1 (HVN1). Possible ranges of settlement w1ll be
predlcted for up to 20 years after the materlal is
spoiled. Varlous settlement phenomenon w1ll be analyzed.
In each fictitious example, the spoil profile will be
comprised of 10 m of partings, 5 m ef‘sandy,elay and 15_m
of clay, the top 5 m of which is aesumed to be a cfust. Ih
the following examples, the term "layer".refers to a
A thickness of spoil material, and "bedrock" defiﬁes‘the

bottom.of EhelSpoilvbile. w
| In each example,.except ekample 7, settlement is
Ealculated from five years after the material has been
sp01led and - reclalmed This. 1s to allow for unlform

~settlement patterns to develop. After five years, it is
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assumed that a partially indurated crust will have
developed in the upper 5 m of.clayﬂ If conditions do not
change, settlemént can be calculated over any fime.
interval (i.e. from 5 to 20 years) in one calculation
(Example 1). However, with changing conditions, such as a
rising groundwater table (Examgge 4), the smaller the time
interval ber calculation, the mdre precise wili be the
prediction. For changing conditions, then, calculations on
a yearly interval are used. Although thg groundwater table
rises constaﬁtly’through the spoil in some of the
following examples; calculations involving the groundwater
table are based on the location of the groundwater table
at the beginning of each year. N
The figures relating to each example show Ps valués
in brackets, withvthe affiliated settlement immediately
below. Although three éignificant figures are uséd t§
Acalculate settlement, it 1is suégested,that»dalues of total
setElement be rounded off to the nearest centimeter.
Because the bs_vaiues iﬁ'Tables 4.2 and 4.3 were
calculated from spoil at the Highvale and Whitewood Minés,

it is recommended that predictions be made only at these

mines using these values.

5.4.2 Example 1 - Spoil Profile With No Groundwater Table
Figure 5.3 shows how the Predictive Settlement Method

and - Ps valuesiare‘applied to a spoil profile with
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Pr?dicted Settlement_Between Days Shown

DAYS: 1825 7300
0- —=
5m (0.0)
CLAY 0.0
CRUST
AN 5- |- : : .
10 i (4.67-15.3)
CLAY 2.81-9.21
E
£ 15- ,
5 5 m | (1.22-3.88)
k) SANDY CLAY| 0.37-1.17
20-
10 m . (0.0-5.60)
PARTINGS | 0.0-3.37
| BEDROCK - | .
30- L '

Total settlement between
day 1825 and day 7300 = 3 - 14 cm

" Numbers in brackets are Ps va lues),
numbers underneath are predicted values
of settlement.

Not to scale.

_Figure 5.3 Settlement Prediction of Example 1
. ' (Spoil profile with no
groundwater table)



103

unchanging-settlement'conditions. This example dépicts a
spoil strata comprised of 10 m of partings, m of sandy
clay, and 15 m of clay, the top 5 qﬁof which is a crust.
-~ The groundwater table is assumed to be nén—existeﬁt
throughout the period of analysis (54to 20 years, 1825 to
7300 days). It is also assumed that in this time period
there will nofﬂbe a rainfall heavy enough to infiltfate
the spoil profile and cause settlement."Ps values assigned
to each layer (as found in Tables 4.2 and 4.3) are 0.0 for
tﬁe 5 m clay crust, and'the following self-weight values:
4.67 to 15.3 for the 10 m of clay, 1.22 to 3.88 for the 5
m of sandy clay and 0.0 to 5.60 for the 10 m of partings.
The possible settlement in each léyer fs_then calculated.
For éxample, to calculaté the possible range of
settlement in the 10 m clay layef from 1825 to 73b0 days,

the formula .

8H/H
Ps = ——
log(T2/T1)

is rearranged as follows:

8H = Ps % H * log(T2/T1)

S

Therefore,

§H =:4.67 % 10-° % 1000 cm * log(7300/1825) = 2.81 cm
andz |
8H = 15.3 % 10-% % 1000 cm * 1og(7300/1825) = 9.21 cm



Thus, the range of possible settlement between 5 and 20
yé;rs after the material was spoiled is about 3 to 9 cm
for this layef. As seen in Figure 5.3, this layer is the
likely location of thé major settlement that would occur
in the spoil profile over the predlctlon perlod

Slmllar calculations result in total settlement for
the whole strata to be from 3 to 14 cm durlng this 15 year
period. It 1is noted that the 5 m clay crust will not\\

e

settle at all in the 5 to 20 year time span. - ' \\

'5.4.3 Example 2 - Spoil Profile With a Static Groundwater

Table .

figure 5.4 shows the same spoil profile as in Figure
5.3 but with the grouﬁdﬁatervtable 5 m above bedrock'ahd
midway through the partings layer. The groundwater table
is assumed to remain static throughout the predicﬁion |
period and the sbil strata.not subjected to ény heavy
rainféll infiltration. és values "for the clay and sandy
cléy are the same as for Figure 5.3. Theé partings layer,
now having the gréundwaper table ih the layer, has two
‘ranges of‘Ps values applied. The 5 m above the groundwater
table is considered to be undergoing capillary rise |
related settlement and Ps values of 14.5 to 15.7 are
applied;_The 5 m of partings that are submerged have Ps
valués of 3.77 to 31.1. Setflement is calculated similar

_to Example 1 and total settlements for the 15 year period

-
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Predicted Sett]ément Between Days Shown

.DAYS: 1825 - 7300
o -
5 m (0.0)
CLAY 1 0.0
CRUST
5_
10 m - | (4.67-15.3)
CLAY 2.81-9.21.
:é-: £
S 15- - : '
e 5w (1.22-?.88)
o SANDY CLAY DQ.37-..17ﬂ
20- |- :
“10em (14.5-15.7)
| PARTINGS 4.36-4.78 ‘
25-|ewT | |—X
8 (3.77-31.1)
1.13-9.36
BEDROCK
. 30-

!

Total settlehent between :
day 1825 and day 7300 = 8 - 25 cm “

* Numbers in brackets are Ps values,
numbers underneath are predicted values
"of settlement.

‘ th to scale. ‘ -

#igure 5.4 Settlement Predictidn/ofiEiiﬁbié/i/
‘ o oil-profile with a static
groundwater table)
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»

range_from 9 to 25 cm, almost double that from example 1.
Figure 5.4 also shows the possible locations of the major

settlements in the spoil profile for this example.

5.4.4 Example 3 - Spoil Profile Subjected tp Heavy
Infiltration

Figure 5.5 considers the same spoil:prefile as in the
previous two examples. No groundwatet table‘is“aeeumed. As
a demonstration of the possible effects of heavy
infiltration, a heavy rainfall with anuintené?ty in the
range of 18 cm in 4 days is shown tefoccur, the effects of
which last for 100 days. Following this, Ps values for
capillary rise are ~ssigned as it is assumed tnet the
‘heavy infiltration +111 have increased‘the noteture |
content of the eﬁoil material.
It is important to note that the settlement behavior
of the spoil after the heany infiltration is a [function of
the effect of the heavy infilttetion.,This 1s discussed in
- Section 5.4.1, Thus, if the heavy infiltretion causes
only a small amount of settlement ke.g. 1 cm), then the
post heavy infiltration Ps values that are applied are
from the upper'renge in Figure 5.5, resulting,in
settlement of approx1mately 17 cm. Slmllarly, i'f the heavy
1nf11trat10n caused much settlement (e.g. 13 cm) then
settlement afterward is calculated using the loweAJPs
values on thure 5.5,‘resu1t;ng in the relatively small

@

<

K
i
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Predicted Settiement Between Days Shown

DAYS: 1825 3650 3750 7300
o_
5 m (0.0) (38.7-395) [(8.04-19.0)
CLAY 0.0 0.68-6.96 3.49-8 .24
CRUST !
5_
1Om (4.67-15.3) -
CLAY 1.41-4 .61
E
' c 15- ;
s Sm (1.22-3.88) (43.3—231) (11.8-31.4)
g SANDY CLAY 0.18-0.58 0.25-1.36 J-1.71-4 54
20-
10Om (0.0- 5.60) (19.0-375) (14.5-15 7
PARTINGS 0.0-1.69 0.22-4.40 4.19-4 .54
R -
Z BEDROCK . .
’ 30~ -
Sub-totals(cm): 1.59-6.88 1.15-12.7

9.39-17.3
Numbers {n brackets are Ps values, numbers underneath

' are predicted values of settlement. ;
“

Not to scale.

Settlement if Settiement {¢''|
Low Intensity High Intensity
[ Rainfall, cm Ralnfall; cm
Before Infiltration 1.59-6.88 1.59-6.88
During Infilttration 1.15 12.7
After Infiltration 17.3 9.39
Totals: 20 - 25 cm .24 - 29 cm

Settliement Prediction of Example 3
(Spoil profile with no groundwater table
subjected to heavy infiltration
ten years after spoiling)

Figure 5.5 .
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,

settlement of 9 cm. If the heavy infiltration caused large
séttlements, future heavy infiltration events will likely
have decreasing settlement effects.

Due to the random timing of heavy infiltration
events, it is emphasized that although total settlement at
a site ¢an be prgdicted, the series of heavy infiltration
events that contribute to total settlement values cannot

be predicfed.»

5.4.5 Example 4 - .-Soil Profile ﬁith a Rising.Groundwater
Table .

This example will show the process involved in
predicting long-térm settlement at a sige where settlement
conditions change.

Figure 5.6 shows the same spoil profile as for the
previous examples. Using hydrological and groundwater
recovery informétion,'it is predicted that the groundwater
table, initially non-existent, will rise at a rate of 2.5
meters per year and, more importantly, that it will feach
an elevatidn 5 m below the ground surface. From year 5 to
year 6 (1825 to 2190 days), Ps values similar to example 1.
are assigned. At the beginning of year 6 the groundwater
table appears at the base of the spoil and the bottom 5 m
of partinés are affected by capillary rise. One year later
(at 2555 days) when the groundwater table is 2.5 m above

bedrock, the tbp 2.5 m of partings has Ps values assigned
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for self-weight settlement (0.0 to 5.60), the 5 m below
has Ps values assigned related to capillary rise (14.5 to
15.7), and the bottom 2.5 m has Ps values for submerged
partings (3.77 to 31.1). Thus, as the groundwéter table
rises, Ps values are assigned depending upon wHether the
spoil is settling by self-weight, affected by capillary
'rise, or submerged. ¢ '

In.all three spoil types it is observed that an
arbitrary value of 5 m of spoil above the groundwater
table at any time is affected by capillary rise. Ifris not
until the groundwater table rises enough to allow
capillary rise to reach the clay crust (ap about year 15,
or 5475 days), does this layer undergo settlement.
Although itiyould‘likely be the case that a partially
indurated crust would settle more than a non-indurated
cla§ﬁfé§g?‘of the séme material, age, and thickness when
subjgcted to a rise in the grouhdyater table, this
varidble is unknown at préSgnﬁ};Bégapse the crust is
assumed to be not more thannéﬂh thick,iit is deemed a
reagonable assumption to assign Ps Vgiﬁes to it that are

assigned to clay at depth. Total bossible settlement after

20 years for this example is 8 to 31 cm,

5.4.6 Example 5 - Settlement Prediction at Highvale North:
Site 1 Assuming a Static Groundwater Table and Using

Known Ps Values



This example will predict settlement at Highvale
North Site 1 using the Ps values that were calculated for
this site (discussed in Section 4.5.2), and assuming that .
the groundweter table stays at its present elevation and
that no heavy infiltration events occur.

Figure 5.7 shows the spoil profile at Highvale North
Site 1 (HVN1) consisting of 12.7vm of ciay and 7.1 m of
partings. Both of these layers are divided in two on the
basis of extensometer settlement data obtained from the
site. The-upper.4,2 m was not monitored with a multipoint
extensometer and is considered at. 1875 daYs not to be
settling (i.e. this layer‘is believed'to be a partially
indurated crust), with a Ps value equal to 0.0. The layer
from 4.2 to 12.7 m is known to have a Ps value eqﬁal to
8.08. The partlngs was monitored w1th two extensometers,
the resulting layers hav1ng 51m11ar Ps values fogi*tl
submerged pa?ilngs (13.3 and 12.2), the upper partin§$ §.
layer being semi-submerged. If the groundwater table were
to remain steady at 14.2 m below the ground surface where
it is presently, and the site were not.to be subjected to
heavy infiltration, the total settleméﬁéﬁéﬁgihis site from
1825 to 7300 days will be about 10 em.  °
5.4.7 Example 6 - Settlement Prediction at Highvale Nortﬂw.-

‘Site41 Using Known Ps Value? Changing With a Rising

Groundwater Table
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Predicted Settlement Between Days Shown

DAYS: 1825 7300

O-
- 14.2 m - (0.0)
CLAY 0.0
CRUST
4,.2-
8.5 m _ (8.08)
_ CLAY 4.13
_E .
£
Q
)
o
12.7-
3.5m ., |  (13.3) y 14.2 m
PARTINGS 2.80 (GWT
16.2- elevation)
3.6 m L (12.2)
PARTINGS | . 2.64
19.8- -
: BEDROCK

Total settlement between day 1825
and day 7300 = 10 cm

Numbers in brackets are Ps vélues
numbers underneath are predicted values
of settlement.

Not to scale.

Figure 5.7 Settlement Prediction of Example 5
. (Highvale North Site 1 assuming a
-static groundwater table and using
.known Ps values) ,
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This éxample (Figure 5.8) will predict settlement at
Highvale North Site 1 assuming that pumping at fhe mine
will stop five years (1825 days) after the material at
this site has been spoiled, and that the groundwater table
will recover to an estimated final elevation of 2.3 m.
below the ground surface.‘The“derivation_of fhe final
groundwater table elevation is shown in Figure 5.2. The
spoil profile for this example is the same as in Figure
5.7. The‘groquwater table is shown to rise 1t.9 m over
six years,ana for ease of analysis, rises 3.2 m from 1825
to 2240 -days, then 2 m per year for 4 years, then 0.7 -m |
from 3700 to 4065 days, to the predicted fihal elevation
of 2.3 m below the ground surface.

‘Ps values for the partings layers remain unchanged as
they remain submerged. It is assumed that the top 4.2 m of
crust will have the same Ps values for capillary rise as
thg.clay below. As mentioned in Section 4.6.2 (Pé Values‘
f&g:Clay), this assumption is deemed reasonable due to the
smail thickness of the crust. Submerged Ps values for clay
at this site are unknown and thus values of 4.09 to 19.9
frdﬁ Table 4.2 are used. Throughout this thesis, cépillary
rise is assumed to occur no more than 5 m above the
groundwater table. This site, however, has exhibited .
settlement up to 9.4 m above the groundwater table,
thought to be caused by capillary rise. Therefbre the

calculated Ps value of B.08, related to capillary rise, is
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used for the 8.5 m clay layer throughout this analysis.‘It
~1s assumed that not until about 2920 days have péssed wilLf
“the 5 m ibne of capillary rise above the groundwater table
have an effert on the crust. Total settlement is calculated
to”be from 12 to 18 cm from day 1825 to day 7300.

1f a prediction is made but assumed conditions change
during the tourse of the prediction (a change in the i
recovery rate of the groundwater table for exémple), then
it is possible to re-evaluate the settlement conditions at
'a site to develop a new prediction. If in this examéle the
groundwater table rose to an elevation of:fO m below the

ground surface instead of the elevation indicated, a new

prediction would need to be formulated.

5.4.8 Example 7 - Settlement frediction at'Highvéle North
Site. 1 Using G;neral Ps Values
This example will predict the settlement at Highvale
North Site 1 as if the site were just recently
ihstrumented; no settlement data were available, and a
. long-term prediction of settlemenflwas needed from day 534
to day 7300. General Ps values frqm Tables 4.2 and 4.3

(will be used. It is assumed that only the stratigraphy at

this site is known and that instrumentation includes only
a surface settlement gauge and a standpipe piezometer.’
As seen in Figure 5.9, this site is divided into 3

layers: a clay'crust 5 m thick, 8 m of clay, and 7 m of



116

Butsn

e DCm uot
‘1 ®11S YjuoN 3leaybiy:

TIUBWE| 1188 O SBN|[ VA PaIDd|pRJd 4B y}ReuJapuNn SJBqUWNU

{21gey} Jajempunodb Buisiy

(uojieur|dxa LOm

1edjtauL AAeay 40 SUOL}LPUOD U0} S3N|BA S4 |BJausb
L ®|dwex3 jO uOL}OLpadd juBWa|]}19S e m;:mFm

‘644 - @bud

"@(wds 031 3ION

‘8ANIVA 54 BJE sI@NORJg Ui sJequny

‘3xe3y 88s)

WD Ly :SJNDO0 JUBWA[IIBS UD}IVJYL JuU} efuvi 3} ‘AR(D
WO Zg :SJNDD0 JUBWS (1388 UOIIBII[ | U} | |RWS Mv *ARiD
wo Gz - £ :sBujiuegd
‘00eL Aep pue pEG Avp UBBMlBq juswe|33es |B30]
-0t

. Xo0Y4Q38

E°01-5Z" ZS'1-8L°0 [ 48 1-22°0 | vT'z-Ltz'0 | v6 Z-9€°0 lE'V-ZS5°0 | T9°4-20°0 SONI LYVd

Gve-ze ey ve-Lee)f(rre-c2 e) (s 1e-LL E) (VHE-LL E)|(V VE-LL E)|{} VE-LL E) w g
-E}

wo gy KA -¢¥°0 -08°0 -L8°0 -8z} -L0°¢ € 8e- d
wo zg T Zh- 6L b~ [N A 8G Z- LE €~ 68 v- -GL € :(wO)s|wi03-Qns
is{e3jof - -€}
L9°0-t1°0 A A
(6°61-60"¥)
TO'V-1C°0 A
(6°64-60"¥)
TEV-LZTO X

l°0L-10"2 9P L-0E°0 [(6°61-60"v) ; AVID

(6°61-60"v)|{(6°61-60"v) w g
-

(uojieasaa A
1MD [Reu} 4) A

w e g- & 1SNy

. 90°C-L8°0 | EE'O-¥1 'O | 6L°0-€€°0 | 85°+-930 | oL z-vi1" 14 68 v-L0"C € BE-SL'E AVID

(0°84-9$0°8)|(0°BL-v0"8)|(0 64-v0"8)| (0 6+-v0"8) (0°61-v0"8)|(0°61-p0"8)}| (S6E-L BE) wg
-0

"00EL o9pe 5602 OELl Goti 0001 vE9 vES - 1SAvVa
(000Z "953Q) (L8. "31das) (9g. "ides) (5@, '31das) (pg. -1das) (e8. .uummv (zg, "idas) (za, aunp)

,umoys sAeq usamiag J1uUBWA(31318S pPBIDIPBIY’

(w). yydag

(w) wyidagq



117

partings. The groundwater table is shown at the top of the
partings layer, near where it is presently, for ease of
analysis.

The prediction inclﬁdes a heavy rainfall infiltration
event (which actually did happen at this site) at the
beginning of the prediction. Because fhe partings is
submerged in_this example, (at the actual site the
groundwater table does not submerge fhe>partings),’it is-
assumed that this material will not be affected by the
,heévy rainfall event. For this reason, settlement'analysis
of the partings is shown separately from the clay, and Ps
| values for submerged partings (3.77-31.1) from Table 4.3
are used. Assuming the groﬁndwater table will rise at a
uniform rate”to an estimated long-term elevation of 2.3
meters below the ground sprface, the process of predicting
~long-term séttlemenp.is begun, and ranges of possible‘
settlement are calculated. |

After the heavy infiltration event, all of the clay
is shown to be undergoing settlément. Thisnis a function
of the degree to which the heavy infiltration saturated
‘the spoil. Monitoriﬁg the surface settlement gauge would
give an indicqtion of how the spoil was settliné during
and after the period of heavy infiltration. For example,
if total settleﬁent from 1000 to 5365 days was 2 cm (equal“

to the lowest value of the predicted range for this time

period), thn.it would be reasonable to conclude that the
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Ps values for the clay and partings were the lowest values
indicated.

Because the Ps values for submergéd clay and clay
undergoing capillary rise settlement are similar, the
estimated rate of recovery of the groundwater table is not
crucial. If, however, the groundwater tablé does not rise
“to its estimated elevation of 2.3 m below the ground
surface  but stops at some lower elevation, then it is
possible that evaporation of the moisture in the Spoil
~above could result in smaller values of séttlement than
predicted. Theréfore, the rate of recovery of the
groundwater table is not as important as is its estimated
final elevation. |

Liberal analysis Qould consider the entirety of the
clay to be affected by the\heévy rainfall, espedially
becauseuéf the young age of the spoil. If the spoil were
older (i.e. five years of more), then the spoil profile
may not bé‘affected, unless the rainfall were té pond on
the surface. Depending upon fhe impermeability'oi'the
-partially indurated crust, it is possible that no‘;éinfall
will reach the lower layers. :

In the first 100 days, 4 to 39 cm of settlement were
calculated as possible quantities of settlement.in the f
clay. Actual settlement in this 180 dayAperiod was about 4
cm. This is because the Ps value for'tbis iéyer at

Highvale North Site 1 was 38.7, the lo#er Ps value in the
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range indicated on Figure 5.9, If detailed index testing
was performed oh the clay from the standpipe piezometer
hole drilled at the site! it may have been possible to
estimate.the respdnse of the clay to the héavy
infiltration event. For exémple, if the clay was found to
be dry and loose; high Ps values for heavy infiltration
would .be assigned. |

Becaﬁse total possible settlement of the;spoiflﬁill
likely be constant, Ps values applied fo the clay after
the - heavy infiltfation will be a fuhction of the
" settlement effect of the heavy infiltration. If 4 cm of
settlement ip‘the clay océurs because.of the heavy
infiltration, then the settlementhfollowing wili be higher
'than if 39 cm of settlement resulted from the heavy
'infiltration. Thus, small Ps values comprise settlement
predictions following large settlements caused bywheavy
infiltrations, or large Ps values are used if small
settlements are caused. For this example, total _
settlements will be from 32 to 47 cm from 534 to 7300 days
for the clay, and 3 to 25 cm for the ﬁartings. This is

illustrated in Figure 5.9 on page 116. . |

5.4.9 Summagy

o ‘

The preceding seven examples have demonstrated the
use and applicability of the Predictive Settlement Method

to predict the settlement of spoil at the Highvale Mine.
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@’ . :
Ps values calculated from mine spoil at the Highvale and
Whiteyood.Mines were applied to a fiétitious,spoil profile
to predict long~térm settlement. Settlement of the spoil
was influenced by vérying conditiongysuch aéiself~weight
(Examble 1), a static groundwatér table (Example 2), heavy
infiltration (Example 3), and a riéing éroundwater table .
{Example 4). Long-term settlement $f‘spoil at Highvale
North Site'1 (HVN1) was predicted usingcthe Ps values
calculated for this site (Example 5}, using Ps values
associated wifh a rising groundwater table (Example 6),
and using general Ps vaiues as if no settlement data
existed for this site (Example 7).

The method has shown how much settlement can be
predicted at a site, and where in a spoilkpfofile the
settlement occurs., The previous examples have shown how a
variety of settlement conditions are accommodated in
calculating settiement.‘A similar procéss could be carried
out at other mines where sufficient.settlement\data
existed, the‘stratig:aphy was known, and the groundwater:-
table was monitored. This would allow for the
determination of appropriate ranges of Ps values which, in

conjunction with an edtimated final groundwater table

elevation, could -be used to predict settlement.

R



6. APPLICATION OF RESULTS

6.1 Introduction

The Predictive Settlement Method will now be applied
to two other minesites. Settlement is analyzecd at the
Diplomat Mine near Forestburg, Alberta and at the Horsley
Mine in Northumberland, United Kingdom. Some interesting
observations were made about settlement patterns at both
mines and the viability and limitations of the Predictive

Settlement Method are discussed. .

6.2 Diplomat Mine
At the Diplomat Mine, the Predictive Settlement

Method will be used to derive Ps values possible for this

minesite. No predictions of settlement are made as limited’

datéuis available and the location of the long-term
ground&ater table elevation is unknown, . ’

Monitoring of settlement by means of a multipoint
extensomet§r at the mine hgg been carried out since 1980.
The mine s;oil is comprised of reclaimed glacial
ovérburden materials (clay and ;aﬁéy clay), and has been
found tofbe}very uniform w?fh depth. The spoil is an . .-
average of 11 m deep. '

Figure 6.1 shows how the Spéil has settled with
depth. Settlement data for each layer,f(eqﬁal to the

‘distahée between extensometer magnets, or approximately
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1.5 m), was analyzed and plotted with the logarithm of
time, and showed some interesting trends. Five layers will
be analyzed. Layers are defined by the exténsometer at the
top-and at the bottom of the layer.

Layer 1-2 (1.84 to 3.37 m) did not settle, possibly
reiated, és at the Highvale Mine, to the development of a
partiallx indurated éruét. Ps'is equal to 0.0 for this

layer.

Layer 2-3 (3.37 to 4.86 m) did not settle for almost
the entirety of the monito;ing period buglbegan to settle
very significantly after a heavy rainfall, giving a }
resulting Ps value of 355, similar to values calculated at'
- the Highvale Mine for similar circumstances. It is

possible that teﬁsion cracks allowed the ihfilt;ation of
the rain to reach thfs layer. !

Layer 3-4 (4.86 to 6.33 m) underwent thfée settlement
~\regimes during the period of monitoring. For 100 days, no
settlement was recorded. Then, in the next 600 déys,
settlement resulting in a Ps value of 23.9 was observed,
bossibly related to cabillary rise. Once again the
settlement pattefn‘cﬁanged, with Ps working out to 143
for the following 500 days. The settlement versus
logé%ithm of time gfaph of Figure 6.2 shows a sharp change .
in slope, ihdiéating how the gettlement pattern chanéed

for this layer. What caused this sudden change is unknown.

It is believed that the steeper‘slope of graph 3-4 on
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Layer 2-3

‘ +« response to \
. heavy infiltration
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capillary rise
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Layer 4-5

T
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t 4 « 8 8 100l P 3 . 8
10%
LOGARITHM OF TIME (DAYS)

Settlement of Layers 2-3, 3-4, 4-5. and 5-6
at the Diplomat Mine
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/

Figure 6.2 will continue until the groundwater table rises
into layer 3-4, causing a change in settlement pattern.
Layer 4-5 (6.33 to 7.78 m) had two settlement

patterns. Fér 600 days Ps was 0.0 indicating that no
settlement had occurfed. Then, prior to the groundwater
table entering the layer, (which occurred in May 1983),
settlement began, likely related to capillar% rise. Ps
became 36.2. It is not clear why the layer above this
layer began to respénd to capillary rise sooner (layer 3-4
began what appeared to be capillary rise related
settlement before layer 4—5). Presently, the groundwater
table is in layer 4-5 at 7.0 m below the ground surface,
and the settlement pattern 1is seen in‘graph 4-5 of Figure
6.2. |

" Layer 5-6 (7.78 to 9.33 m) is the only layer that has
not had its settlement pattern alterednby’capillary rise,
or heavy infiltratioﬁ. For the duration of monitoring,
this layer has been submerged. It is observed that "the
settlement data peihts for this layer (Figure 6.2, graph
5-6) are proportional to the légarithm of £ime. Because
this layer is subject to the constant condition of being
submerged, settlement should continue along the line of
Qraph*S—B. Other layers also show straight line settlement
patterns with slopes that chénge with changing settlement

conditions.
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Table 6.1 summarizes the Ps values dériVed from thé
settlement data of the spoil at the Diplomat Miﬁé{;SImilan
to spoil at the Highvale Mine, the formation of 4
partially induraﬁed crust appears to inhibit settlement of
the surface layers. Self-weight settlement at this site
likely occurs relatively soon after the material is
spoiled, simiiar to spoil at the Whitewood Mine. This
conclusion is based on the observation that for at least a
short period of time, four of the five layers analyzed
were not settling at all.

A range of Ps values of 23.9 to 36.2 ‘could be applied
to spoil at this site subjected to capillary rise. These
values.are in the range of Ps values for sandy clay from
the Highvale and Whitewood Mines, subjected to capillary
rise conditions. It would appear that capilléry rise
causes the most settlement at this mine, and not submerged
conditions, which is the case at the Highvalé qnd
Whitewood Mines. If a layer is submerged, a Ps value of
16.8 can be used. This value is similar to those aththe
Highvale Mine for clay for submerged conditions. A Ps
value of 355 can be applied to a layer subjected to heavy
infiltration. Further settleﬁent analysis at the Diplomat
Mine woﬁld determine the duration of the effect of tgis
~condition,. ’ ‘*':fh
This analysis has deri&éé some gf the possible Ps

values applicable to spoil at the Diplomat Mine, .and some

S



127

DIPLOMAT MINE

‘LAYER Ps VALUE CONDITION

1-2 0.0 Partially Indurated Crust

2-3 .. 0.0 Self-weight
355 - [Response to heavy
infiltration

3-4 . 0.0 Self-weight
23.9 Capillary rise
142 - |Capillary rise

4-5 0.0 Self-weight
36.2 " {Capillary rise

5-6 - .16.8 Submerged

Table 6.1 Summary of Ps Values From the Diplomat Mine
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correlation has been made of the effects of various
~settlement conditions on spoil between the Highvale Mine
and Whitewood Mine, and the Diplomat Mine. Significantly
more data .would be needed, such as borehole logging
information and more settlement data, to be able to derive
‘ranges of Ps values applicable to the Diplomat.Mine. These
values, along with an estimation of the long—teqm
groundwater table eievation, can be used to predict

long-term settlement at the Diplomat Mine.

6.3 Horﬁley Mine, United Kingdom

Settlement has been monitored at the Horsley Mine
since 1973 when instrumentation was installed at this
reclaimed minesite. The mine spoil is up to 70 m deep and
is predéhinantiy a cohesionless fill of mudstone and
sandstone fragments. Four sites at the mine will be.
anélyzed using the Predictive Settlement Method.

Enlarged graphs of settlement versus time were
provided by J.A. Charles of the Building Research
‘Establishment in the United Kingdom. Charles is pgésently
studying the settlement at the Horsiéy\Mine. Approximéte”
values of settlement and time were bbtainea from the
graphs and settlement versus the logarithmxof time graphs
were drafted and analyzed. It.is assumed that the data
obtained from the graphsvis reasonably accurate and fhét

the distance between successive extensometers at each site
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is 6 m,. For consietency of calculation, it is assumed that
the spoil material was backfilled in January of the year
indicated.

Restoration of the minesite to desired contours
including replacement ‘of subsoil and topsoil was completed
in 1973. Preferably, the Predictive Settlement Method is
not to be applled to spoil materlal unt11 at least five
years after it is spoiled and reclalmed This is to allow
for stable settlement patterns to develop. Neverthelessf
vreesonable settlement patterns were observed at the |
Horsley test sites analyzed,‘agd so settlement data before
the suggested five year time period was used in analysls
Ps values for each site were calculated.

Settlement patterns at this mine are different from

~those at the Highvale Mine. For example, at the Horsley
Mine, when the groundwater table has risen through a
layer, settlement of the layer virtually stops. This is in
contrast to the Highvale Mine where once a 1ayercof spoil
becomes submerged, settlement.continues, but at a
different rate. This is JEry likely reiated to the
differences in spoil material. The spoil at the Highvale
~Mine dates from the Cretaceous (65-70 million years old)
tand when it is excavated, breaks up and behaves
essentially as a soil. The spoil at the Horsley Mine,
belonging to the Middle and Lower Coal Measures of the

.’% N ‘
Carboniferous system, some 270-300 million years old, is
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basically rock. It is highly probable,‘therefore, that
spoil at the Horsley Mine could have a low slaking
potential when submerged, for example.

The exact spoil profile at the Horsley Mine was
unknown for this analysis. Ps values from site to site,
therefofe, cénnof be compared beéause'of this and aiéo
because of the varying history of two of thé four siteé,
one being preloaded and one previously in&ndabed. |

A few explanatory comments'will aidlthe.reader to
more easily understand the figures related to this

section. Numbering of the extensometers in each borehole

Vo
e

“ﬂat the Horsley Mine is'ddne'éﬁéfgﬁng at the bottom of the
spoii‘ﬁgiéyxtayers are defined by the extensometers,
similar to the analyses at the Highvale and Whitewood
Mines. Each site discussed has a graph showing the
settlement of various extensomeﬁers (recorded in.

' millimeters), and the recovery 6f the groundwater table
(in meters), with time. The eievaéions of the
'extensoﬁeters are shown on the plot depicting the recovery
of the groundwatef/tabie.

Each site also-has a graph of settlement versus the
logarithm of time, simiiar to those from therHighvale and
Whitewood Mines. The slopes of the plots on these.figures
are labelled with the following terms: self-weight, GWT
‘(groundwatér table) rise, and submerged, indicating the

settlement condition related to each siope.

&)
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6.3.1 Site DI

Site D1 (Figure 6.3) was backfilled in 1966 and.is

55.5 m deep. The backfill had been previously loaded by a

large overburden heap of ‘about 30 m that had been removed

two years before monitoring beéan in 1973. Figure 6.4
shows a graph of settlement versus time, and depth to the
groundwater table versus time. The analysis to follow will
consider the effec§ of the groundwater rise between
extensometers 4 and 7 (termed layer 4-7).

| It is seen from Figure 6.4 tﬁat at the time the

groundwater table rises above an extensometer, settlement

" of that extensometer stops (extensometers 4 and 5 for

example). It is also seen that extensometer 7 stopped.
settling about the time the groundwater table stopped
rising (April 1977) which wbuld suggest that at this site
capillary rise does not occur or that capillary rise
related’settlemenﬁ does not occur.

It is assuméd that the settlement that occurred was

caused solely by the rise of the groundwater table. It is

~also assumed that the spoil material between extensometers

4 and 7 is the same, and that settlement recorded at any
time between extenéometers 4 and 7 occurred in the
immediate v:cinity of the groundwater table. This is based
on the observation at‘ﬁhis site of no capillary rise

related settlement, or settlement of spoil when submerged.
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About 3.2 cm of sett%ement were recorded from when thé
groundwater table: entered layer~4—5 in February 1975, to
when it left layer 4-5 in September 1975. In this layer
(4-5), theygroundwater table hadvrisen 6 m in 6 months and
the Ps value fo; layer 4-5 was 206. As .the groundwater
table rose from exﬁenéqmeter 5 to 6, settlement of 2.6 cm
was recorded (September 1975 to October 1976). Here the
groundwater table had risen at a rate of 6 mein 14 months,
less than half the‘rate‘that was recorded as it rose
through layef 4-5, Thé Ps value for layer 5-6 was 8518. °
From October 1976 until April 1977, settlement in layer
6-7 was 0.7 cm‘énd stopped when the groundwater table
stopped‘rising. The rate of grqundwater table rige in this
layer (6-7) was about 3 m in 7 monﬁﬁs, similar to the rise
in layer 5-6, and the Ps value was 82.2. For layers 5-6
and’6f7 the'ratg of - groundwater table recovery was the
same and Ps values were:Similar; The settlemént veréus-
logarithm of~time‘graph of Figure 6.5 shows the gettlemént
pattern at this'site. ' ' o

It is possible to Eonclude, tbeh, that Ps vélues at
. this site are a function of the rate of groundwater table
recovery. In other words, the amount of settlement
recorded at any time is not probortional to the rate of
recovery_of the groundwater table. Again, this étatement

is made assuming that the material between extensomete;s 4

and 7 is the same.
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6.3.2 Site D15
Site D15 (Figure 6.3) was backfilled in 1970 and is
the youngest of the «gg £s analyzed. The fill is 46.5 m

BAL
deep. Because the in&tYT

5

mentation at this site is situated
on high ground, only the bottom 10 m of the backfill havé
been inundéted by the rising groundwater table. This has
allowed for the derivation of Ps values related to
'sélffweight settlement, values for the gfoundwater table
rising'through the spoil, and for submerged conditionsf

As at site DH, it appears tha%jaapilla:y rise at gite
D15 is not. a settlement factor. This is based Gnrtheﬁw
observation that when the groundwater table sfopped riéing
between‘extensometers 4 and 6 (Figurel6.6), settlemenﬁ of
this layer slowed “down considerably. As can be seen on
Figure 6.6, when the groundwater table hés passed Ehrough
a layér,;settiement of that layer virtually stops.

Layer 2—4 was analyzed for the time~peri;d when the
groundwéter table rose through the layer (October 1975 to
April 1977) and after it waggéhbwerged. Ps values were
22.6 as the groundwater tablé Q;nt through the layer énd
1.55 when the léyer was submerged. The change in slope of
Figure 6.7, layer 2—4,‘graphically shows how settlement
‘almost stops when a layer becomes submergedf

Layer 4-6 had a Ps value of 10 1 priof>to the
groundwater table enteri-c ‘tre bottom of the layer. As

seen in Figure 6.7, th:z s’ = >f the *'-~e for layer 4-6
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changes (which occurred at the time the groundwater table
entered the layer), with Ps bécoming 3.25. Had the
groundwater fable not entered the layer, it is likely that
settlement would have continued along the fir;f‘slope of
graph 4-6. It is not known why setﬁlement almost stopped
when the groundwater 'table entered this layer, or why the
Ps values related to the groundwater table rise through
the spoil (22.6 for layer 2-4 and 3.25 for layer 4-6) are
so different.

The groundwater table did not reach and thus did not
influence layer 6-9, indicating Self-weight as the cause
of settlement. Two‘slopés could be drawn through the data
points for layer 6-9 (Figure 6.7) indicating the
possibility of two settlement pétterns. This éite Haégbeen
reclaimed less than five yearé which could explain the
variation in settlement pattern.

1t appears that the tendencf of spoil at this sitevis
to Settle‘proportiﬁyally to the logarithm of time.
Considering self-weight conditions, a‘simple predicti%n is
made by drawing a. line through data points from layer %—9,'
from July 1975 to January 1978. This line is then
extrapolated to November 1983, giving a value of 11.1-cm
of settlement, close to the actual 10.1 cm measured. The
data points for layer 6-9 in Figure 6.7 are recorded
values of settlement and the line drawn through them is

based on data from July 1975 .to January 1978.
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Therefore, if settlement data exists for a particular
site, it is possible to predict settlement, asSuming
constant conditions. This is done by simply plofting the
settlement-time data on semi-logarithmic paper, drawing a
iine through the points (using linear regréssion methods),
~and extrapolating the line to a desiéed time to find the
related value of séttlement. This is a graphical solution
of the Predictivé Settlement Method equation. If no
settlement data existed for this site (D15), but Ps values
for tne strata did, settlement could also be predicted.
The procedure for doing this is outliﬂed in Chépter 4,

-Layer 9-10 exhibited rather non-uniform settlement
(Figure 6.7). However, similar to layer 6~9, the line
determined by linear regression using data up to five
years after reclaiming provided for a close approximation
of settlement for November 1983, Actuél settlement in
November 1983 was 8.6 cm and the value extrapolated from
the line described above resulted in a value of 8.9 cm. ~
This verifies the tendency of onil at this site, under
conditions%of self-weight, to settlé proportionally_to_the
logarithm of time. |

The Ps value for layer 9-10 was 26.9, and fbr layer
6-9 was 13.8, using data from July 1975 to.January 1978.
The reason for the Ps value for iayer 9-10 being two times
as great as for layer 6—§li§;that layer 6-9 is three times

as thick (18 m compared to 6 m). Mére information is
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necessary-to-determine why these values are different.
Possibly the stratigraphy is different. In other words, if
the stratigraphy in layer 6-9 and layer 9-10 was the same,
then the Ps values should have worked out to similar
values. A possible explanation could be that at this site,
lonénterm settlement tendencies are a function of depth. -
This means that more settlement at depth occurs soon after
the material is spoiléd,'compared with spoil material
~nearer the surface. This would result in more settlement

potential at the surface and less at dépth.

6.3.3 Site C11

Prior to reclamatibn, this site (Figure 6.3), was the
ldéation.of a lagoon during mining operatiéns and
exhibited rather unigue settlement cparacteristics.’The
site is 45.7 h_deep»and was béckfilled in 1965. Layers
5-6, 7-8, and 8—9‘(Figure 6.8) were analyzed. For ease of
‘analysis, ‘the plot for exfensometer 9 was aSsumed to curve
from Juﬁe 1975 to November 1976 rather than'ﬁevel out from
June 19f§;t6 October '1976,. then drop 40 mm in November
1976, as indicated. This site in general did not show much
settlement response“to the fisihg groundwater table,
except in lajer 5-6. When thé~grbundwater table had gone
thrbugh layer 5-6 (or when it reached extensometer 6),
settlement of this layef stopped.. Layer 8-9 was undergoing

self-weight settlement with a Ps value equal to 78.7 and
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after 5 years after reclaiming, settlement appeared to
stop, with Ps equal to 3.01. The Ps value for layer 5-6
was 51.9 and for layer 7-8 was 36.7 és the groundwater
table went through each layer. A slight heave is observed
in layer 576 and a larger heave inllayer 7-8 (Figure 6.9).
It appears that settlement at this site levels off after

about five years after reclaiming.

6.3.4 Site B2

This fill at this site (Figure 6.3) is 63.1 m deep,
aﬁd was backfilled in 1964. Settlement and'groundwatérv
table elevatién versus time plots for this site are seen
in. Figure 6.10. Only layer 10-11 has been unaffected'by
the groundwater table rising through the spoil and is-fhus
the only layer where the settlemént pattern does not |
'éhange. Similarly to material at Site D15, this layer has
seftled more or leSs’Efopo;tionélly to the“logafithm of

time.

It is possible to™ompare Ps values for the various

ot}

layers at this site-before the groundwater table rose

' (self-weight settlement Ps values), as the groundwater
' !

‘table rose tﬂrough suCceésive layers (Ps values related to
the groundwater tabié'fise), and after layers were
submerged (Ps values related to submerged conditions).
Table 6.2 shows these values, related to the slopes of

Figures 6.11 and 6.12. It is seen in Table 6.2 that Ps
e (G :
A\

~—r
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SITE B2, HORSLEY MINE

SETTLEMENT RELATED TO SELF-WEIGHT

LAYER Ps VALUE | .
10 - 11 B85.7
9 - 10 58.9
8 -9 69.1
SETTLEMENT RELATED TO THE QISE OF THE GROUNDWATER TABLE
LAYER  Ps VALUE®
9 - 10 163 (Water table just entering layer)
8 -9 "~ 299 (Water table has gone through layer)
78 184 (Water table has gone through layer)

POST GROUNDWATER TABLE INFLUENCE (LAYER SUBMERGED)

LAYER Ps VALUE
9 - 10 10.9

8 - 9 14.9
7 - 8 0.0

Table 6.2 - Ps Values From Site B2, Horsley Mine
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values related to self—weight settlement are in-a
reasonably close range, as are those for groundwater table

rise, and submerged conditions.- Thus, for this site, or

for a site of similar stratigraphy and history, rt would

be possible to predict self-weight settlement prior to the

groundwater table rising using Ps values from 58.9 to
85.7. As the'groundwater'table rose, Ps values of 163 to
299 could be used. After a layer is submerged,:gs values
of O.b to 14.9 are applied. More settlement data and

“”

information regarding the stratigraphy would result in

refined Ps values and accurate correlations to other sites

at ‘the mine with similar spoil profiles.

6 4 Summary

The Predlctlve Settlement Method applled to mine

"‘sp01l at the Dlplomat and Horsley Mlnes,der1ved a variety

_of'Ps~yalues related to verlous;settlement condltlons.

Ps values derived from settlement data from the

= Dlplomat Mlne were found to be similar to those at the

nghvale and ‘Whitewood Mines for COﬂdlthﬂS of a partially
1ndurated crust, self we1ght caplllary rise, submerged

spoil‘ and‘heavy infiltration For all of these

s.'i;

.,~cond1t10ns,gdthex than the eﬁfect of a surface crust,

AT :.‘ﬁ\-;:" ]
fﬁed to be prOportlonal to the \

1,
r,f‘ ,“_

_It 1s empha51zed however, that Ps

3

values should m&{jsed dhly at the. mine’ where- they have

SO
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been calculated. This;is“due to the unique composition,
material properties, ;and settlement benavior of mine spoil
at each site. | L

Ps values calculateg/for the Horsley Mine gave a
range oﬁ‘vabues for conditions of self-weight, groundwater
table rise, and submerged spoil. For conditions of
selwaeignt groohdwater table rlse, and»in s0me‘cases ﬁorv
submekgoﬁ spo;l settlement was obsetved to be ay

v A,f’)“p s L
proportxonal to the logarlthm of tlme ‘f“"

trels

It“ﬁ pears that ‘the’ sp01l dt the Horslty Mine is’ not
- a slaklng susceptlble materlal, Settlement of sp01l was

A2

obServed to slow down dramatltally or stop when the
i e
groundwater table submerged the sp01l By comparlson the Se—

_,!sp01l at t@e nghvale M1ne 1s a hlghly slaklng materlal
and contlnues to settle long-after. belng submerged

Because of unknown sp01l stratlgraphy at the Horsley‘
test sites, and because of varying%history, calculated Ps
values cannot be applled to other mlnes T the Horsley
reglon. If the sp01l“strat1graphy and hlstory (e.g.
‘inundatlony surcharglng, etc.) at another site were found
'to be. thensane,wsettlement predictions using the Ps values
-derlved from the- Horsley Mlne, along with an est1mat1on of
'ythe long term groundwater table, could be made.
Table 6.1 (Dlplomat Mlne, Page 127) and Tdble 6.3

S

V(Horsley Mlne, Page 151) summarlze the Ps values ‘7. B 9
. \

calculated from settlement data at these mines. When more

W



HORSLEY MINE

SITE (LAYER|Ps VALUE CONDITION
D1 6-7 B2.2 3 m GWT rise in 210 days
5-6 85.8 6 m GWT rise i1n 420 days
4-5 206 6 m GWT rise ‘-~ ") days
D15 | 9-10|. 26.9 |Self-weight |
| 6-9 | 13.8 |Self-weight
4-6 10.1 [Self-weight
3.25 GWT rise through. layer.
2-4 22.6 GWT rise through layer
1.15 Submerged
Ct1 8-9 78.7 Self-weight
3.0t ? X
7-8 36.7 GWT rise through layer
: 0.0 Sem1%§ubmerged (heave ?)
5-6 | 51.9 |GWT rise through layer
0.0 ' {Submerged (heave ?)
B2 |10-11} 85.7 Self-weight
1 9-10 58.9 Self-weight
163 GWT just entering layer
J.9 Submerged
8-9 69. 1 Self-weight
., 298 GWT rise .through layer
14.9 Submerged
7-8 184 - [GWT rise through 1ayer
0.0 | Submerged

_ Table' 6.3

T
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Summary of Ps Values From the Horsley Mine
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settlement and borehole data is available and analyzed
from each mine, it will be possible to derive.a range of
Ps values. These values, in conjunction with estimated
final groundwater taSIeselevations, can be used at each

mine site to predict long-term settlement.
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7.1 Introduction

7. CONCLUSIONS AND RECOMMENDATIONS

4

There are many variables that cohtribute to the
séttiement of mine spoil, and their interaction is a
complex phenomenon. This fhesis, by considering some of
ﬁhese.variables, has derived a method to predict
settlement of mine spoil, called the Predictive Settlement
Method. This chapter will now summarize the dqgg%gpmgpt of

this method and how it is applied. The-major conclusions

are discussed and recommendations for future study are

‘presented.

. 7.2 Development of the Predictive Settlement Method

. was possible to derive:

Settlement data of layers of spbil stratigraphy at
the Highvale and Whitewood Mines were plotted with the

logarithm of time. Plots tended to be straight lines

- fAdicating that settlement increased af a decreasing rate

or that settlement was proportional to the logarithm of
time. The slope of the line for any layer of spoil

material was found to be a function of several settlement
related factors sﬁéhéas self-weight, capillary rise,
submérged conditions;'éthpeavy infiltration. By anélyzing

PR

‘the settlement response ﬁiﬁspoil-af”twelve sites at the

Highvale and Whitewood-Mines undek’ﬁhéﬁe“condifions,-it
R SR O -
Ps (Pred1ct1ve’%¢ptlemgnt}'values,w

o

153 .. . eew
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where

§H/H .l
Ps = — -
log(T2/T1)

This is outlined in Chaptef 4,

Ranges of'Ps values‘were assigned to spoil materials
subjected to various settlemént'conditions. Applying these
values as they relate to specific spoil materials and
settlement conditions, it was possible to show how
settlement could be predicted. Based on an estimated
future groundwater table elevation, settlement was
predicted at the Highvale Mine. /

The Prédictivé Settlement Method was applied to two
other minesites, the Diplomat Mine near Forestburg,
Aiberta, and the Horsley Mine ip.;he United Kingdom.;

Settlement data from both mines was plotted on. T A

. -
semi-logarithmic paper and tended to result in straight

» ?

lines. Ps values were calculated at'b?th mines for various

settlement conditions. o

1]

Ps values calculated for the Diplomat Mine were

similar to those from the Highvale Mine, for similar

settlement conditions. A%t the Horsley Mine, settlement

rates increaséd as the gro dwater table rose, and slowed
down or stopped as spoil betame submerged. At one site,
the rate of recovery of tHie grouhawaterﬁtéble affected the

loggfithmic rate of sett ement. Ps vaers for the Horsley

o
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Mine can be applied at each site at the mine where the
data was obtained, or at other sites at the mine where the
ey

spoil material and site history are known to be the same.
With the derivatlon of ranges of Ps values and an analysis
of the groundwater hydrology, long~term.settlement
predictions can L. made.

This thesiS'hes shown‘tnet by developing Ps values
based upon the analysis of settlement data of mine spoil,
it is possible, along with an estimation of the long-term.
groundwater table, to predict approx1mate values of
long-term settlement.

[

7.3 Major Conclusions .

nt of mlne
vf(
spoil. Some of the variables that affect settlement are’

Many factbrs'contribUte to the settkeme

the formation of a partially indurated Crust, capillary
rise;, slaking due &o submerged conditions and eollapse
settlement related to heavy rainfall infiltration.
Different typeSfof spoil (clay, sandy clay, and partings)
were found to have dlfferent settlement patterns ﬁﬁZH*"‘
subjected to slm1lar settlement COﬂdlthnS By analy21ng
the settlement trends of mine sp01l at ten 51tes ‘at the
Highvale M}ne and two at the Whitewood Mine, it has been

possible to' derive a method for predicting long-term

settlement. Using the. formula ' o \

>
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SH/H
Ps = ———
log(T2/T1)

a range of Ps values was determined for clay, sandy clay
and partings spoil materials subjected to different
settlement conditions.

Ps “values for thgbthree types of spoil material had
some observable trends. Sandy cl;y and partings do not
abpear to underg&~ﬁuch self-weight settlement. It is
likely-that most self;wgight settle@ent of these materials
occurs shortly after be;Ag spoiiéd. Clay, if not near the
surface andy;hus not influenced by the formation of a
crust, settles by sélf-weight_for long perioas-of time-
~after it has been disturbed. All th;ee spdil ﬂzpes
appeared to be affected by capilla;y rise.

Little.information exist§ rega;ding-the submerged
response of;clay“ana sandy clay. Partings, when smeergéd,
;xhibited»variable settlement response. All three spoil '
types settled significantly when squected to heavy
infiltratioﬁ, particularly because the spoil was young at
the sites where this phenomenon %é;;observed. As'spoil
' agés, heavy iﬁfiltration may not ﬂ;ve as much of an‘
effect, due to the development of an impermeable crust.

Total possible settlement at any site will likely be

a constant, regardless of the seguence of settlement

events. The settlement effect of static conditions, or of

(]
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changing conditions such as a rising groundwater table,
can be predicted. Due to the random occurrence of héavy
infiltration events, the effect of these cannot be
predicted. After such an event,.ﬁhe settlement trend of
spoil will not be the same as before,

Several examples predicting long-ferm,settlement of
ispoil showed ranges of possible settlement‘and where the
major settlements likely would occur. This information is
important because the depth of major settlement.influences
the possible amounts of differential settlement on.the
surface. In other words, if most of the settlement occurs
at depth in a spoil pile, the resulting differential®
settlement observed at the surface will be-lesé'thanfif
the majority of settlement in the spoil occurs nearer the
top of the spoil profile.

Based upon estimated settlement conditions, (i.e. no
groundwater'tagﬁé, or a rising groundwater table), and the
'estimated final groundwater table elevation, the examples
demonstrated the process involved in predicting
settlement. Thé ibcatiqn 6f thé groundwater table, even if
staﬁggﬁfhéquéhout the period of prediction, can double
possible Qéttlemgnt (Figure 5.3 and Figure 5.4);‘Heavy
in%iltratidn, even if no groundwater table exists in the
_spoil profile, can cause significant settlement (Figure
5.5). A rising groundwater table (Figure 5.6) in a 30 m
spoillprqfile of clay, sandy clay and partings, can result

%



‘suggeétéd that such factors as the variation of settlement
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in total settlements of from 8 to 31 cm from 5 to 20 years

after speiling.

v

At'Highvale North Site 1, 10 cm of settlement wés

“f predicted from 5 to 20 years after spoiling, if conditions

do not change (Figure 5.7). At the same site, if the
groundwater table rises_to.an,estimated,2.3 m below.the
ground surface, 12 to 18 cm of settlement,.fromWS to'20
years after spoiling, are possible (Figure 5.8).

The Ps values derived in this thesis can be applied
to any site|at the‘Highvéle‘Mine if the s;ratigraphy is
known and the final groundgéter table e{evation can be
predﬁcted. A surface seitlement gauge'caﬁ be used as a f
check of the method. » | b

The géneral fogmat of the method can be applied at
any mine where sufficient settlement data can be ;btainedﬁﬁ
where tﬁe specil profile can be determined, and where Ps
values applicable to the site are calculated. Using these

values, along with estimations of long-term groundwater

hydroiogy conditions, long-term settlemen¥-icanbe
4 > DASE
. K”

prediq&éd.~ Lt . {

-

7.4 Recommendations

At the Highvale Mine, furtherwanalysis of the

-~

settlement of mine spoil is needed to more-fulﬁyf

understand the variables that influence settlement. It is

2



with depth be analyzed as well as determining to what
extent capillary rise is possible. This may provide
information regarding the ossible prevention of
differential settlement of\ spo11 subjected to these
conditions. Also, the factors that contribute. to the
formation of a partially indurated crust need to be
determined and analyzed as well as what thicknesses of
crust are possible, and what the properties of the crust -
are. '

More analysis is suggested as to why layers of .
similar material appﬁar to settle differently under
conditions of capiliary rise and heavy infiltration. Th-
capillary rise related settlement of alsurface crust o.
differentiages needs to be aséessed; as well as the effect
of overburden on collapse settlement. Further laboratory
testing to aseertain slaking properties of spoil materials

=

is suggested as well as laboratory testind:that could
"produce a correlatlon between laboratory oedometer tests
and .in-situ fleld settlements | |
When 1nstrumenﬁat10n is 1nstalledﬁat a mine site, it
is suggested that very detdiled borehole legging be
performed. Extensoneters should be instailed.not at equal
spacing throughout the SpOll but at the boundarles of
known layers of sp011 and at small ‘regular 1ntervals

throughout thick layers of the same materlal This Qould

allow for accurate assessment of settlement propertles.

4
LA
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If construction is to occur on any reclaimed sites at
the Highvale Mine, anélysié’of the spoTT’;:z;:I;Jgt the
site is recommended and its settlement éharacteristics
.analyzed. If constrdction takes_place, and the groundwatér
table has not ﬂisen tokits high;st possible level, then
mining operations shouiﬁ beAperfbrmed so that the
groundwater table recovers at a slow rate. Further studies
on the effect of the rate of groundwater table recovery
are recommended. Prior to the.recoverf of the groundwater

/

table, it is possible that heavy infiltration can- cause

' significant settlement-even 20 years after reclamation.
Thus, it is éuggeéted that buildings‘be constructed to
withstand calculated possible differential settlement or
thaf'foundation materials a*' building sites be pretreated
to prévent differential settlément. Landscaping should
prevent the possibility of surface ponding of runoff. It
is possible that a buiiding could'decrease evaporation of
soilﬁmoisture causea by capillary rise, which‘could’}esult
in a possible increase in the moistqre content of the soil
below the builaiha. The significance of this should be .

determined or at least taken into consideration when

dééigning the.foqndation for the building.
. o _ }
RER S k]
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APPEND I - F IELD INSTRUMENTAT ION DES IGN AND
e A
' o INSTALLATION L -
e L ? h ' ¢
. . RN . ; o
: A.1 Multiporfit Extensometer - Lo
-;e«*} ‘
Y ‘ . ~ \) . W )
.1.1 Design ) PO A _

A schematlc crqas section of z?'ult1p01nt
o o

extensometer and the h0us1ng used in ‘its 1nstallat10n are -

shown - 1n Figures A.1-and A ZKEghe extensometer 1tself ns a_

var1at10n of the one used by El Nahhas, (1980) ‘The

e

mod1f1cat10ns 1ncorporated were the éhOrtenlng of the

cas1ng and ut111zat1bn of a dlﬁ;erent type of. foot Thls"
f ‘b ¥ i "\ ‘;v
type of fpot was chosen to accommodate a borehole of

a

varlable dlameter due to p0551ble sloughlng of the §%ﬂes | o

Hoam

H . N . .
fggge borehole§1n the sp01l materlal e ; L’. <
.“*jh R ' @5 s . 2 l .
- T ,;\_‘ . R ey . . A
' T, e T e : v
E A.1.2;Insta}lat1og; e L e ,
‘ b \ L ey ' " e ',, K oo . )
ks ;-:ﬁ;.; N o~ ‘\ o : - o

N : | LEA
. Uﬁon completlon of drllllng the borehole, if there 1s

a poss1b111ty oﬁ?ﬁhe hole sloughlng 1n, benton1te mud

- 4 v,
- As placed in the hole. : S L

A closed’eqded—access tybe is-then inserted to the;

TN
Loe T

T v

‘base of the hOle The access tube is ﬁade of PVC.
(Polyv1nyl Ch&orlde) and’ the lengths are bonded using
.PVC adhesive. If bentonlte has been placed in- the

'hole;_the closed ended access tube is filled with

164
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w&h
water as it is 1nserted ‘to counteract the buoyant
effects of the bentonite mud.
~ ¢ 3. An extensometer is inserted into the protective casing
and lowered down the hole with the aid of the lines on’
the drill'tig. The extensometer and the casing fit
”ovet‘the,access tﬁbe.'As the extensometer casing is
_lowered hollow tubing which extendswup the. boreholei
to the ground surface is attached to the casing. Thls
tublng can be’ used t&kadvance the casing if it catches
'onbthe s%de of_the»borehole_or 1f boreholemi
constricgﬁons_develop.
’4. eﬁhen the protectiie casing is at the desired
| elevatzon, SQ}@& rod-is 1nserted into theiﬂwilow ws
tub1ng /ft&@”tghds sllghtly above the top ‘of the’
~hollow tublng . ‘§5 B L‘ L&T.; ‘ﬁﬁﬁ H%y
5. By holdlng the SOlld rod fixed in position andﬁralsxng
vthe'protectlve Ca51ng,fthe extensometer is fonced’out.;
As this occurs, -the sprlng steel feet snap outwardsf
and embed themselves in the wall of the bofehole (The
lowermosﬂ exten;ometer is placed in the bedrock below
the bottom of thé spoil plle), @ ) . N
6. The casing is then brought toq the'%yiﬁace,'the hoIiow .
“and solid tubing being remgved at the same tipeéiand
another'extensometer is placed/into the casing. The

'~‘\ \Wi‘Ah "

the borehole7 the total number belng determlned by the

extensometers were spaced approx1mately evenly w1th1n."
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depth of the fill.

7. With the installation of the extensometers completed,

. ‘,’/

a covering is placed over the borehole. An impermeable

[

barrier is then formed using a mixture of PeltoniteJV
balls and water., More soil is then plgced to allow
p051t1ve dralnage from the borehole. A small cap is
placed over the,top of the access tube. |

9Py determine the position of the extensometer, a

probe attached to a tape is lowered down -the access tube.
d ¥

As the probe passes a magnet, a sw1tch is‘closed in bhe

L wprobe ‘and a beep is: heard at theesurface. The dep@hs from

Sen y ‘

ffthe top of the access tube?at which the secomd beep staxts
and stdps is recorded and, averaged as 1nd1cated | “

,‘prev1ously, the ldwermost extensometersl

b hroughout all

o bedrock is. assumed to semain stationar ;Gt C

7measurements. The p051t1ons of the varxods extensoégﬁers
‘relatlve to the lowermost extehsometer (benchmar\ are
noted with time. In_thls way, the movement of the fill at
the location of each‘extensometer is.determined.

. . :

A.2 Settlement Gauges

A, 2 1 DeS1gn ' .
The de51gn of a surface settlement gauge is 51mple
‘It is a small steel plate welded to the end of a plece of

"concrete re1nforc1ng rod@\¢he other/é/d is machlﬁﬁgato

?
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accept. the end of a survey rod. A schematlc dxagram is

shown in~ Flgure A 3.

For the deep settlement gauges used at Whltewood Slte

“{bé one- 1nch steel p1pe was fltted 1nto a steel plate. A

v

:',pleCZAOf angied steel was welded*to the top of the plpe

and was machinéd’ to accept the endgof a survey rod. The

L'

deep settlement gauges were 1nstalied at depths of 3 ton18

meters. R o i

"l, L « N g .
i : w : B N me. Yl
24 ;’g, et : ...& «

1. For thes ' ae%%lement gauges a borehole fn”

e g h

extend theélevel of frostmpengtratlon, about

:n:3,megers, ‘drllled and the settlement p01nt Ibdged

o

flrmly ¥n the base of the. h0rehole; For the deep

<

- séttlement gauges at Whltewood Slte 5 bo:eholes ‘were

o -

drilled to depths of 3 to 18 meters. The. steel pipe

was 1owered 1nt0ueach hole, extendlng about half a

SR meterﬁabove the ground surface.

Th¥ 5

2. A small amount of fine materlal is used to cover the

steel piate and 1s then'compacted with a tamping rod
’ ffom the surfade. This compaction ensures that the
movement of the steel plate_willibe the same as the
~~ "surrounding soil. | B | o "
3. A loose fitting plastic tube is placed over the

, reinforcing rod or the steel pipe, and the hole is

5.

2 . . - ; o . N .
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. LT ,
filled Wi%@jthe drill cuttings.
4. With the borehole almost completely backfilled, a
mixture of Péltonite balls and water is.dumped‘in.>A$

before, soil is used to form a:moﬁnd;@round the

.

- plastic tube fitted over the reinforcing rod or steel

‘pipe to providé pasitivé drainage away fromc&ﬁg »
b A ge c SR ‘

instrument, Again,fg cover protects the top of the

rod.

A.3 Standpipe

e
o
S

A,3.1/Design - . s
. “The standpipe is simply a length of plastic tubing

ex%endiﬂg\féb%&the base of the borehdle to.the grdund
sﬁféate;{aﬁéwE;WQEmost,section is slotted hpllow.tubiné o
lwhile the reméini@éﬁportion &s unslotted. A séhematiéiview,
uis shown in Figﬁrgfé.4. | : - B

R

A.3.2 Installation . S o e

1.” With the borehole drilled, the lengths of tubing are

\_ éannected.an@~insettea into the hole. The lower end is

k}

capped to keep dirt from élogging the slotted length
‘of tubing. ' S L {'
2. Sand is dumped down the borehole ih sufficient

guantity to surround :he slotted length dfﬂtubing.

.
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. o ey o , | L
The remaihdéQWwaﬁH%{borehole is backfilled with =
{sars Mt v )

-“
LRI

Y el

available matefialgéhd an impermeable seal is formed
neérm%he surface using Pel;oniteubéIIS'and water. Soil
is heaped around the tubing for positive drainage. A

caﬁ is placed over the top of the standpipe.

(&



APPENDIX B - LARGE DIAMETER CONSOLIDATION TESTS

B.1 Introduction , | o
Large diameter consolidation. tests of one-dimensional
compression'Were performed in the laboratory on spoil

mate:ials from the Highvale Mine. The’purpose of “these
.

test& was to measure the settlement of the mlnesp01l under

loa& and when water 1nf11trated the spoil.

&ﬁ o ‘/ R - .

‘% Sample Preparat1on ST o

© A 30 cm dlameter cell was used for the/large dlameter
‘COnsolldat1on tests. The inner walls of the cell were
teflon coated. The he1ght of the sample was governed hy

the amount of avallableLmaterlal Porous stones were’ used
t o

at the base and at the top of the sample, and fllter paper

.. .

‘'was used to line the walls of the cell.: q IR \

N
)

Samples 1, 2 and 4, (clay samples) were, compacted

u
.

~dynam1cally in the consolldatlon cell w1th the standard
. compactlon hammer. The 1ntent was to achleve the same.»
den51t1es a% ‘in the fleld Samplés 1, 2 and 4 were T

,compacted in 2, 2 and 3 layers respectlvely Sample ?' tﬁe

_partlngs‘material was not prepared in the same manner, as:

Al

the compactlon would have %roken down the part1cles.

jﬂInstead the cell conta1n1ng the sample was placed on a
'vrbratory table for 15 m1nutes. Then the top porous stone

~and l@ad cap were placed on top of the sample and vfbrated

A <
174
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for an addltlonal 25 m1nutes in an attempt to.achieve the

in-situ den51ty After compaction was complete, the cell

N . "

was assembled‘and mounted in a load1ng=frame with a
‘ ° N ’ : Lo J

Belofram loadiné system. A linear voltage displacement

* . transducer (LVDT) was placed on the load cap to monitor

g
. % 4 the settlement of - the sp01l material durlng the load
X ‘

~ applicatisn. - . 1 N )

* Samples 5—8~vere.prepared by adding static load to

"

o repreSent 3 43,5 1 and 1&m8 m of overburden. Each of three
v . w N :
‘ : success1ve layegs of materlal comprlslng each sample were
. w'h

statlcally loaded. Then the consolldatxon cell was' - | ‘L‘—

test apparatus under conda%lons 51m1lar to?%hose in the
v, R

fleld and then load the sample and observe the amount of"

'] L, Q

compresslon{tak1ng place. Samples were loaded to a N

L
z

ure of 300 kPa (Samples 1 4), represent1ng

Ftach, and 60.'5, 92, 0, 320 0, andf320 0 kpa
3"& . ': ,lyl o “¥ "; O

%§ -(SampleS'SJB) «representlng 3.4,,5. 1 and 17 8 m of

.; ' overburden. When. settlement was essentlally complete, 1.'$1

: f watew was‘allowed to\lnflltrate from the base of the cell

- ;d mooelllng a rise.in- the groundwater table. Durlng the - _
‘saturatlon process, vertlcal deformat;on of the sample ahd 4
Ljghe volume of water 1nf11trat1nqﬁﬁhe sample were measdred' ’

) . . u et P
. . £
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Readlngs were contlnued untll little change in stra1n \

v
t .

occurred w1th time. - S : o
' : oo o -

R Flgure B.1, a schematic view of the test apparatus,

1hl§§trates how the groundwater rlse was modelled At the

%, Ydse of the cell, there is a port with a valve through

whlch/water‘may flow. Comnected to the port is a section"

of polyethylene tubing which is cbnnegted‘to-a water

¥ i< . . ¢ L
esreservoir. The water'level in the reservoir . 18 kept'just
i

below the top® ‘of the sample. Durlng the 1n1tlal part of

a

the %est,gthls valve is closed %%ﬁ@ 1s later opened to

%llow saturatlon of the samplewil”
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APPENDIX C - SLAKING TESTS

C.1 Test Procedure

Irregular lumps of Spoil material ffom the Paleocene
Paskapoo and Upper Cretaceous Wapiti FormaFiOn Bedrock at
the Highvale Mine, having a diménsibn of about 2.5 .,
were-dried tv a constant welght ag 105°C. Theamate.ia‘
_then placed in a funnel lined with filter paper and
immersed in water. After two hours the fuhnel containing
the sample was removed from the wate?, the excess water
was allowed to drain} and the water content of the soil
was determined (Eigenbrod, 1972). Atterberg limits were
‘determined in order to find. the initiai and final
.liquidity indexes. Visual assessments of the material were
made aé elapsed times of 1 min., 10 min., 1 hr., and 2 hr.
The sample condition is reportec as a letter/number code
in accordance with the classificatign for the static

swell/slake test (after Dusseault,etwal.} 1983).



