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ABSTRACT
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In the Morowali area, the potential of soll and sediment erading info and degrading surface water quality fs a ser

: _ X ining industrial infrastructure in Morowali area §y;
problém. Stag dispesal sites are a necessary part ""’.‘ sy ites have ] :
sites must be found and suitable methods must be available to show that sites layers in the surface that ey
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as a harrier the entry of contaminanis inte the environmenl. Furthermore, it is worth mentioning that the sife i plaen;,

to be develaped in the groundiwaler proteclion purpeses,

Therefore, hvdrogeological characteristic in the sy

; . & diree
plan is important, Thus to achieve this aim, geophysical survey. sub surfoce peolopical information, o

and

permeability assesment, as well as complementary assessment of slag disposed at the site, were conducre, n
gealogical surface investigation, the lithology of a Morgwali area is civided into Hin:u:_hﬂmfagms: peridotite, sandyyop,
and conglomerate. Based on the hydrogeological characteristics of the werking location, the potential for groundeg,,
contamination al the location of the wark resulting from smelfer waste disposal activity is difficult to occur due Ig =»
impermeabel fayer close fo the soil surface with a very small permeability vl that is less than 9.6 x 10 em /5 win
grourd water flow laminer and close to the soif surfoce that is less than 4m. Therefore some of the liguid waste will iy

along the surface stream,

INTRODUCTION

For most mining projects, the potential of soil and
sediment eroding into and degrading surface water
quality is a serious problem (AmarN.5, ctc, 2015).
One important question, in determining whether a
proposed mining project has environmental issues
regarding disposal of high-volume toxic waste material
(ELAW, 2010).

The impact of slag, waste rock, heap leuch, and dump
leach Facilitics on water quality can be severe. These
impacts include contamination of groundwater beneath
these facilities and surface waters.

Tailings {a by-product of metallic ore processing) is a
high-volume waste that can contain harmful quantities
of toxic substances, including arsenic, lead, cadmium,
chromium, and nickel. Although it is rarely an
environmentally-preferable  option, most Mining
companies dispose of tailings by mixing them with
water (to form slurry) and disposing of the slurry
behind a tall dam in a large wet tailings impaundment.
The resulting waste contains large amounts of waler
and generally forms ponde at the top of the l,uilings..

dams that can be a threat 1o wildlife be
cilu i
usually extracted as slurry. sl

In special situations, 1ailin
arid elimates,
wel climates,

& ponds will cither dry, in
lur may release comaminated wiler, in
n both cases, requirement (o close these

waste repositories and reduce environmental thress i
specific management technigues.

Socig-economic impacts on downstream commnitn
are product from Envircnmental changes caused by
riverine disposal inevitably (IIED, 2002) Physcl
changes, such as degradation of water quality, wide=t
of nver channels, changes in fow, gver-bh
deposition of tailings and flooding can impost !
number of alterations in community lifestyles.

Slag disposal siies are o necessary pan of
infrastructure of a mining industry in Morowsl t=:
Suitable new sites must be found and suitable ”im;‘
must be available to show that sites have layes T |
surface that can function as a barrier 1o the t""';.ﬁ
conlaminants into the environment. Funhcl'[ﬂ“"‘é \
worth mentioning that the site is planning o
developed for groundwater protection purPes

. o
o achieve this aim, gmph}f!-l“l [fms:;n
hydrogeological assessment, as well a3 E;:‘Ipr.il:. ot

assessment of the slag disposed &
conducied.
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MATERIAL AND METHODS

study Area Description

The analysed slag disposal site is a part of the industrial
facilities of the formal Morowali Industrial Park. The
whole complex is siluated at a distance of 5 km fram
urban areas. On the east part of the Slag diﬁpqsll
planning area the Morowali Indusirial Park is located.
The material disposed on the landfill consisted of
industrial slag product from nickel processing of the
Indonesian Morowali Indusirial Park. A total area of
the landfill planning is 28 ha (Fig 1).

Fig.l A study area of slag disposal plan in at Morowali
Area, Ceniral Sulawesi Province, Indonesia.

The study arca is located al an altitude of 19 -106 m
above sea level. The watershed area 2.03 km® with
surface water flow pattem showing the direction of
flow to the north of the disposal slag plan location. The
main stream is at the center of the location. The small
river relatively flows in an East-West direction. The
river flow patiemn is classified a dendritic flow patiern
with the river genetic type of conscquent. Rainfall data
obuined from PT.Sulawesi Mining Investment for the
period of 2013, Intensity of rainfall in January to March
showed an increase in intensity ranging from J00 to
600 mm. Furthermore, in March to May showed &
decrease in rain intensity ranging from 600 to 300 mm.
In June - August showed very small min intensity
which ranged from 14 - 40 mm, While in September -
Navember there is no rain. And in December, minfall
occurred with an intensity of 148.9 mm.

Data Investigation _

The aim of the investigation was to determine the
h.'l"dl'ugclugiul characteristic in the sub surface and
include the ficld permeability of the sub surface rock.
The information obtained enables preparation of the

enginecring work for the slag disposal. The scope of
works was divided into four siages and they consisted
of;

- Investigation of surface geology

=  Geophysical survey with the use of the

clectrical resistivity method, in order o
determine of sub surface rock.
The geophysical reistivity data were acquired
with the Naniura NRD 300. Other materials
used in the investigation include two current
electrodes and two potentinl electrodes, four
rolls of connccling cables, hammer, and
compass. Six geolectric soundings using the
verlical electrical sounding technigue was
conducted in the sludy area. The Schlumberger
array was employed using a current electrode
separation of 300 m.  The records of the
spparent resistivity obwined in the study
together with the record of the current
eclecirode separation were used to plot the
sounding curves. The record dala were
employed as inputl data in a computer based
interpretation using the Res2Dinv software to
obtain the resistivity and thickness of the
subsurface.

- Accomplishment of 3 borcholes of a depth of
25. 30 m {total 95 m of drillings). Three
boreholes were drilled 1o investigate the
lithological structure of the subsurface and
alse to determine the permeability of the
subsurface rock.

- Field test of permedbility value of sub surface
rock. Water pressure test were carried at one
location (RH-02) using single packer pressure
tester with a thrust capacity of § Kg/em2. The
penctration of the Test in 5 meters inlerval
where the maximum thrust cepacity of the
waler pressure was achieved.

RESULTS AND DISCUSSIONS

Geologlcal Setting

As geological surface investigation, the lithology of a
Morowali aren is divided into three units, consisting of;,
peridotite,  sandsione, and conglomerate. The
conglomerale rocks are localed in the west and east of
the study area, and are found in most about 60% of the
study area, This conglomerate rock is found in the hills
morphological. Based on their physical characteristics,
conglomerale units can be compared with Tomata
Formation {Tmpt) which its age in Upper Miocene to
Pliccene  (Sukarmto.R, 1975). Underlylng  the
conglomerale unlts is sandstone unil which located in
the center of the study area.
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Fig.2. Petrography section of sandstone unit

The sandstone outcrops are found in medium to high
weathering conditions, with outcrop dimensions of 0.3
10 § meters, with northeast-southwest distribution. In
the field, sandstone unit shows yellow to brownish
yellow colours with a smooth 1o coarse clastic texture,
has a composition of fine-sized material to coarse sand,
with cement of non-carbonic material, a layered
structure of | to 12 em thick, and some inserted with
conglomerates, claystione and siltstone,
Microscopically, this sandstone is brownish-white on
the parallel and blackish gray on the cross nikel, the
clastic texture, the mineral composition comprising
feldspar, piroxin, serpentine, quariz, The granular shape
is rounded to angular, the graimn size is 0.02 - ©.33 mm
(Fig.2). The sandstone umit ¢on be compared with
Tomata Formation (Tmpt) which age in Upper Miocene
to  Pliocene (Sukamto R, 1975). Underlying the
sandstone unit is the peridotile unit, which is located in
the northern part of the study arca and has a distribution
of about 20% of the study area. In a microscopic
observation has show dark brown ¢olor on the parallel
nicel observation, and omange color W grayish white in
cross nicol. The mineral compuosition consists  of
pyroxenc, serpenting, and olivine. The pyroxene has a
subhedral-anhedral shope, and the mineral size is 0.03 -
2.8 mm. The age of peridotite unit has been compared
with Ulmmmalie Complex which its age is Post
Mesozolkum (Sukamio. R, 1975), The geological
structure encountered is a bedding of sandstones, Based
on feld measurements in two locations, the directions
of rock bedding are about M 60°E, W 290°E, and the
slopes of the bedding rock are 35" and 559,

Geolectric analysls

The geolectric data obuined from the survey was
subjected 1o computer iteration interpretation using the
Res2Din soflware. The resulting plots of the apparen
resistivity values for the current elecirode scparation is
presented as shown Figd. Figd describes the
correlation of the six of geolectrienl points from south
to north. And this fligure was presents the resistivity of
current electrodes in the study area. The layers ore
made up of lop soil, conglomerate, sandstone, and
peridolite.

The first layer is made up of top soil with a resistivity
range of between 1.5 and 113 Um and a thickness

range of between 0.5 and 1.1 m. The see
composed of conglemerate with re-s';-gi,\—i':;ﬂ Ilrt”ﬁ
between 15 and 97.7 2m and a thickness ‘:a:gt of
between 21 and 70 m, The third geolecyrie I“t of
composed of sandsione and claystone. The rcsistiﬁ? .
this layer range between L5 and 15 (imy "’-'hilurtrr
thickness range between 2.8 and 80 m. The foyny | *
is composed of peridolite with resistiviry ’“"E:}:rr
between 11.3 and 80 CIm. The thickness of (s layer
range hetween 40 and 70 m, and most of the pony,

of the siudy area is composed peridotite layer, The thirg
layer is identified as the layer o source EToundueye,
from since the data suggest that the third layer wij| be
more productive than the second layer, This layer il
correlated with the lithologic log in the drilling data.
Lithological analysis

The lithelogic log obtained from the drilled borchole g
presented in Fig.d. There are three points of borehgle
such as BH-01, BH-02, and BH-03. The depth of .
01 is from the surface to 13.5 meters which located iy
the northern part of siudy arca.

The first layer is composed of conglomerate with ;
thickness of about 3 m. This layer is divided (o g
types. such as a weatherning of conglomerate and
conglomerate with uliramafic reck progments, The
thickness of the both conglomerate rock types are abaw
2 and | m, The both conglomerate rock types show
brownish-red and a greenish gray colours. The second
layer is composed peridofite rock with a thicknes
range between 3 and 135 m. As the loctios
representative, this drilling data becomes the reference
of information about permeability and porosity.

The lithelogy at PH-02 point is in the middle of shely
area can be scen in Fig.4. The depth shown is up to 33
m with various variations of lithology, On the surface
found 0.5 m thickness of the soil and 0.5 meter
conglomerate. An occurence of sandstone and clay
layers at intervals range berween of | amd 32 m. The
thickness of the sandsione is thicker than the o
sandstone layers which are at a depth of 6 1012 m. And
the ¢laystone is at a depth of 12 1o 20 m. Furthermare.
at a depth of 20 1o 32 meters dominated claystone liyer.
And the bottom layer of the BH-02 is a conglumerl¢
that is at a depth range between of 32 and 35 m. The
1op soil shows gray-colored and the grain size of 10F
soil is clay 1o gravel. Funhermore :.-a:-nglunwrm_':
greenish gray; and composed uliramafic fragment Wi
the grain size is gravel; sandy sandstone with grain &7
ranges from 2 to 1/16 mm; and claystone is B
greenish color with grain size less than 1/ | 6mm,
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STRATIGRAPIIC SECTION BH-03 and BH-02
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Fig.4 Stratigraphic Profile of BH-02 and BH-03 sections with the north part (BH-03) and the south pant (B11.02)

Tabel | Packer test results in the BH-02

Permeabihty values  (emfdet)

Mo r::frﬁ;h Lithalogy s T Flow type

1 05 Claystone-Sandstone 9.4x10° 216 x 107 Laminar
1 510 Claystone-Sandsione g9x 10! 21.2x10° Blockage
3 10-15  Sandsione-Clavstone B0 x 10? 20 % 10°? Laminar

4 1520 Clavstone 7.9 % 10 206 % 10r? Laminar

5 20:25 Sandstone- Claystone 99x 10 258 x 107 Laminar

6 2530  Cloystone-Conglomerate T3x 107 206 x 10 Laminar

T 30-35  Sandstone-Conglomerate 99x |(? 26 x 107 Laminar

CONCLUSSIONS

The result of this study has helped to explain the
subsurface hydrogeological of Morowali area that (o
purpose of the slag disposal plan through an analysis of
geoelectric information, log boring, and permeability of
rock. The sudy has shown that the six geoelectric points
were delinealed with the fourth layer identificd as the
formation to assess hydrogeological cverview. The
study also revealed that the resilivity range of the
aquifer layer in from 1.5 10 15 Qm while the depths 10
the aquifer table range from 2 ta 80 m. The result of
this study showed that the permenbility value 7.3 x 10
em/det in minimum and 20 x 10° i maximum, Based
on the hydrogeslogical characteristics of the location of
the work, the potential for groundwater contamination
at the location of the work resulting from the activiy of
smelter waste disposal is difficult o occur because of
impermeabel layer close 1o the soil surface with a very
small permeability value,

ACNOWLEDGMENT
The authors would like 1o thank the PT. Indonesian

Morowali Industrial Park (IMIP), Morowali Regee.
Central Sulawesi Province, Indonesia.

REFERENCES o
Amar,N.S, Medini.S, Bikash.N.N, Forecastié °
Impact of Surface Mining on Surrounding usis |
Computing, Journal of Computer Sexne

Application, Vol3 No., 118122, (2015 -
Environmental Law Alliance “"’Tldw’dc-t. Flis
Guide Book for Evaluation Mining Proc
Eugene,USA, ISBN 978-0-082-1214-36 G011
Georje.N J, etc, Geophysical exploration 10 s bans &
surface conductivity of residual argillace? et d
the groundwater repositaries of coastel

i
"~
ep (NN
EOLGA, Nigeria, NRIAG Journal ol As

Geophysic, Vol 6, 174-183, (2017) _yond*
International Institute for Enyironmenta! 4 sushitt”
Mining for the Fulure, Mining,Miﬂm1 an ik
Development Project, England, (2002) ghv ©

Sukamto.R, Regional Geology Map B
Morowali , Central Sulawesi (1973):

Dipindal dengan CamSeanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

|

i

LRI

§
E

SREERER ﬁr

T _?EE |4 4

{174

-1 4
|
|
L

T,

- ‘.k'--'\I

e

f1 71227711711

REER

EECE=R1E t
ti F3 831 J311¢21T°

)
- - T By 9% = Wy %R Om MWW

m ey e
WA M MG B e owwm ae s e PE R e e B e W B

Fig-3 View of stratigraphic section of geolectrical points based on resistivity values

{n BH-03 point is in the southern pant of study area and
tan be scen in Figure 3b with the depth about 30m. On
the surfice of the conglomerate thickness found 2 m.
The sequence of sandstone and clay sandstone are an 3
dEplh of 2 ta 22.5 m. The thickness of the clajrﬂnng is
thicker than other sandstone layers which are in depths
of 410 17.) m. And the sandstonc depth of thickness is
al g depth of 17.3 1o 30 m. Al this depth the claystone
becomes an insertion on the sandstone with an insertion
thickness of 0.5 10 1 m.

The appearance of conglomerate colour is greenish
gray, the grain size is boulder, the fragment is
composed ultramafic; the underlaying layer is sandy
sandstope with prain size ranges from 2 - 1/16 mm; and
the bottom of layer is grayish greenish claystone with
grain size is less than 1/16 mm.

Rock Permgability in the Study Area

The implementation of water pressure permeability test
in the field was conducted to oblain the permeability
coefficient and Lugeon value of a soil and rock layer by
injection of water into the borehole, including
caleulation and  determination  of  fest  result
Implementation of ficld testing refers to Indonesian
National Standard (SNT) 2411: 2008 (Test method for
water pressure in the lield) with the implementation of
testing conducted Sm interval in the rock layer. Based
om the test results it is known that the characteristics of
groundwater flow in the BI-02 work location are
described as the permeability value of claystone,
sandstone and conglomerate rocks in value ranges
between of 7.3x107 and 26x10°* cmis. These rock
layers has been estimated 8 direct flow type with the
slope of the rock (laminar), however there iz o blockage
flow at the depth layer of § 1o 10m.

In the plan 1o utilize this as the location of the disposal
area plan, the characteristics of the hydrogeological
condition of the work site are described as follows;

1) The type of material thot is sub porous Lo
porous form of alluviem deposits, clays, clay
gravel, clay and conglomeratz  (not
consolidated) is characterized hy bonds
between loose panicles o that  runoff
infiltration can aceur.

7y As the impermeable layer, closest to the
surface layer of claystone, with a depth of 2m
(reference BH-02) to a depth of 4m (reference
BH-03), and peridotitc at a depth of |.8m
(reference BLI-OT).

3) The groundwater level is at a depth of 0.5m
(reference BH-02} to a depih of 4m (BH-03
reference), while in BH-01 no groundwater (s
found.

4) Dased on the reconstruction of the
stratigraphic section (Fig.4) it is known that
the groundwater flow follows the slope of the
rock and the direction of river Now that is
south to north. Type of groundwater in the
ficld is including shallow groundwater this is
reinforeed by the results of testing packer tesl
which shows that the type of flow in gencral in
¢lay rock in the form of laminar flow,

5) The maximum velocity of groundwater flow
in the impermeabel layer is 26 x10% em / sec.

Bascd on the hydrogeological characteristics of the

lacation of work, the potentisl for gmundwel_lrr

comtanination at the location of the work resulting
from the activity of smelter waste disposal is
difficult 1o occur because of impermeabel layer
close 1o the soil surface with a_very: small

permeability value that less than g.dx10? cm {n!

with ground water flow laminer and ¢lose 0 e

soil surface that is less than 4 m S0 that some of the

liquid waste will low along the surface stream.
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